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part I

FOCUS ON
TECHNOLOGY

Traditionally the instruments of strategy have
been either political, economic, psychological, or
military—and often a combination of two or
more of these—but since the advent of the atom-
ic era, technology has also played an increasing-
ly significant role as a strategic tool. For a time
we felt secure in the inviolability of our superior
technology, but by the mid-Fifties the emergence
of the Soviet technological challenge had become
manifest. The Sixties have seen our re-emergence
at the pinnacle of technological achievement, our
military technology testifying to the security of
the Nation and to the ingenuity, skill, and devo-
tion of those on whom the accomplishment
depends. Such an achievement can result only
from an alchemical blending of strong ingredients.
As the formula grows more complex, the func-
tion of management becomes ever greater in com-
pounding the elixir for technological supremacy.



THE
TECHNOLOGICAL CONFLICT

CoLoNEL RAYMOND S. SLEEPER

ISTORICALLY accepted theory of conflict awards prime im-|
H portance to four instruments of national strategy which may
be used by the United States to achieve its national objec-
tives in relation to the Soviet Union. These four instruments ofl
national power have been considered to be the political, the eco-l
nomic, the psychological, and the military. 1
During the cold war it has been accepted that the military tends|
to be the “enabling” instrument of power. This means that so long
as the United States retained preponderant military power this power
deterred Soviet commitment of direct military aggression in spite ofl
the fact that the Communist hierarchy was fully dedicated to world!
domination by all possible means. It also means that while the U.S/|
military preponderance deterred Soviet military aggression this power
enabled the United States to employ economic, political, and psycho-‘
logical instruments of strategy to achieve the expressed U.S. objectiv
of containing Communist expansion. We shall see that, in spite o
our enjoying deterrent military power over the past ten years, th
Communists have made significant progress in undermining the pow
er of the Free World by means of political and psychological internal
offensives against free men and their governments in free nations.!
Tibet and Cuba were the most recent victims of Communist ag-
gression, in 1958 and in 1960. During the Forties it was believed by
many that the Soviets possessed the potential military power followin
World War II to invade Western Europe, but our atomic forces ap
parently did succeed in deterring this Soviet aggression that many
feared. At the same time our economic and military aid to Europe
the formation and increasing effectiveness of the North Atlantic
Treaty Organization and the blooming economy of Western Europe
have succeeded in restoring West European strength and preventin
Communist take-over. This is important. The great strategic value ol
Western Europe has been reserved to the free nations. Our stron
military deterrent posture has enabled our economic, political, anc
psychological instruments of power to keep West Europe free and td
re-establish her power.
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On the other side of the world we have also succeeded in build-
Tg strength in Japan, in the Philippines, and to some degree in
'rtain other free nations that are allied to the U.S. It is very difficult
» assess the combined strength of the Communist nations. Without
r one moment degrading the great value of positive U.S. economic
id military aid throughout free nations, it is nevertheless very
ibering to view the progress the Soviets are making in undermining
ee nations.

n There was very little question in 1955 that U.S. deterrent power
as superior to Soviet military power. In the days of 1955-56 the
rategic Air Command deployed to bases in England, North Africa,
id many other spots on the circumference of the Soviet Union. The
sviets were deterred from aggression by U.S. military power. In the
LSS period some military analysts believed the U.S., together with
5 allies, not only had the military power to deter Soviet aggression
it clearly had the capability to persuade the Communists to behave
| a manner acceptable to the family of free nations. This was essen-
ally the root conviction that led to John Foster Dulles’ policies of
prinkmanship," when he was saying that we would respond in a
anner and with weapons of our choice in order to discourage Com-
unist aggression into Indo-China.

In the Lebanon crisis and again in the Taiwan Strait crisis of
#58 the deployment of significant U.S. military power persuaded the
bmmunists not to embark upon aggression in those areas. In 1960
d 1961, however, the Communist internal offensives in the Congo
d in Cuba were not dissuaded by the presence of U.S. and United

tions military power. Similarly, the presence of the Seventh Fleet
E the coast of Vietnam has not dissuaded the Communist internal
ensive against the free governments of Laos and South Vietnam.
ba, Laos, and South Vietnam are the obvious examples of Com-
unist internal offensives which are now being waged against free
tions. It is important to recognize that these separate conflicts in
sia and in the Americas are the fruition of careful Communist
ans for internal aggression which are taking place in all free coun-
ges and which simply happen to be most evident in these countries
present. Moreover these internal Communist offensives are not
iing deterred by U.S. military power.
The Communist strategy for internal offensive action is not in-
llible. It can be defeated in the present and future as it has been
feated in the past. What is essential, however, is a full recognition
the strategy and the necessity for positive, continuing preventive
tion. Such offensives have been turned back in Greece, in the
ilippines, and progress has been made toward turning back an
Fensive in South Vietnam. In addition the United Kingdom has
fen very successful in combating the Communist internal offensive
Malaya. The counter methods are similar in each case. They are
pown. It is only important here to recognize that the Communist




Communist Progress in Eurasia

internal offensives against [ree nations can be defeated. But it i
necessary for the U.S. to enjoy freedom of action in these areas if w
intend to prevent Communist take-overs. We will enjoy less and les
freedom of action in these areas if Communist forces grow stronge
than ours and deny us freedom of action.

Laos is a good example. In violation of the Geneva Conference,
in December 1960 Soviet aircraft lifted supplies directly into Laos in
support of the Pathet Lao. The Communists committed open air ag-
gression against the free government of Laos. We can expect the
Communists to employ their forces with greater daring if their over-
all military capability gains parity with ours.

Communist Political-Psychological Offensive

| Subversion—The Internal Offensive
Phase

I — establish base of power in target country
II — expand base and infiltrate u
IIT — take over key power positions
IV — seize power (the critical stage)

V — consolidate (eliminate all opposition)
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Now if the Soviets should make a major breakthrough in devel-
ping new weapons, they could conceivably gain military superiority,
t least in some military sphere. If we have now succeeded in closing
the “missile gap,” the most serious threat in the near future would
ppear to be the early development by the Soviets of the military
capability to dominate near space. This capability could consist of
ntisatellite missiles, maneuverable satellites with offensive capabili-
sies, satellite interceptors, or other similar developments. If the Soviets
khould achieve control of near space, the results could be most grave.
They would be able to pre-empt our atomic striking capability to a
large degree. They could exercise control over much that transpires
on the surface of the earth and in the atmosphere. They would
probably attempt to keep us within the atmosphere. In short, they
would attempt to realize all the benefits that the surrounder has over
those who are surrounded. The Soviets have given us repeated warn-
ngs that they intend to dominate space for important military and
solitical reasons. It is wishful thinking to hope that they will not use
Lheir significant lead in space to facilitate their political and military
Joal of dominating the world. It is obvious that this situation must
be prevented. It can be prevented by technology.

The Technological Instrument of Strategy

We have discussed the traditionally accepted four instruments
of national strategy that have been used in realizing national objec-
ives, but brief reflection upon the ongoing technological explosion
ind 1its impact upon the conflict between the United States and the
soviet Union leads to the conclusion that a fifth instrument of na-
Itional strategy has joined the team. Not only has it joined the team
but it has taken on a priority and stature that overshadow some of
he other instruments. The reasons for this include the tremendous
sotential and the complexity of the technological explosion together
vith the particular military conditions that currently exist between
he U.S. and the U.S.S.R.

Military power has traditionally been the “enabling” instrument
bf national power. The nation which had preponderance of military
sower could more effectively employ its political, economic, and psy-
thological instruments. As one studies the relative military power of
he United States and the Soviet Union over the last ten years, it is
lear that the Soviets, by rapidly developing atomic power, jet bomb-
ers, jet fighters, intercontinental missiles, and earth satellites, have
‘educed the advantages originally held by the United States. Some
fo so far as stating that the Soviets have achieved what is variously
talled a "nuclear stalemate,” a “balance of terror,” or “military
sarity.” We can state without much risk of contradiction that history
hows that “stalemates” or periods of “balanced” international power




10 AIR UNIVERSITY QUARTERLY REVIEW

relations are transitory. Therefore it could be that we are in a tran-
sitory period during which the relative military power of the Un'lt.ed
States and the Soviet Union will change. The greatest opportunities
for significant changes in military power derive frorq the'technological
instrument of power. It appears that the technological instrument of
power will be the instrument which may enable one of these nations
to gain a major power advantage over the other. There are several
very interesting facets of this situation which should be noted.

First, we should note that in the last twenty years the process of
transition of a weapon system from research and development to
initial operational capability has been greatly altered. The first B-
17's delivered to the 19th and 7th Bombardment Groups in 1940 had
already been undergoing testing and had been under r&p for several
years. Nevertheless it was another 12 to 18 months before the aircraft
were shaken down by the operational units and were ready for
combat. Today, if a nation should test a military satellite and prove
it successful, that nation would have the task immediately thrust upon
it of incorporating the satellite into the operational forces. In short,
the moment a military space vehicle is successful, it is, to a degree,
operational. The long ‘“shakedown” period experienced in 1940 is
probably not quite as applicable today.

Second, Soviet propaganda blasts against ‘“balloon flights” and
U-2 flights and their attacks against our aircraft paralleling their
borders have demonstrated their extreme sensitivity to reconnais-
sance. Dr. Zhukov, a Soviet military analyst, stated in the October
1960 issue of International Life that the Soviets had then the capa-
bility to destroy U.S. satellites. Soviet destruction of any U.S. satellite
in the next 12 to 24 months would confront the United States with
grave political and military operational problems and decisions. Thus,
should Soviet interceptors be able to destroy U.S. satellites as early as
1963, they could possibly further develop their military capability to
dominate near space. They have not, to our knowledge, attempted to
intercept any of our weather satellites yet. This does not mean that
they are not most sensitive to these satellites. It may mean that they
are not yet able to intercept them or that they will not commit an
interception force until they have the capability of launching a clear-
ly decisive force with the potential of restricting our use of near space.

During such a period our r&p vehicles launched might find it
necessary to fight for access to space. The expression often heard|
throughout the Air Force Systems Command, that AFsc troops are!
combat forces in the front lines of the cold war, thus begins to make
a lot of sense. If one recalls that during the period when we were
rushing to achieve an 1cBM capability there was a span of several
months when the only operational 1cBm facilities available to the
U.S. were those in aFsc, then it should not surprise us in the futurei
it there is a period of time when the only operational U.S. space |
combat capabilities are those in AFsc. '
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We should note also the major jumps in aerospace capabilities
Eat take place in moving from the atmosphere to space. In the 1955
eriod, when the philosophy of air control, having been quite fully
eveloped at Air University, was being considered by the Air Staft
as a contribution to national strategy designed to deter enemy aggres-
sion, the most difficult aspects to accept were the requirements tor
large numbers of aircraft in order for the U.S. to patrol and gain
control of the air over potential enemy areas and thereby significant-
ly control the behavior of such an enemy. The major jumps in
altitude, speed, and range produced by leaving the atmosphere give
spacecraft the capabilities required to effectively control space (at
least in given areas) in such a manner that present nuclear strike
forces may be pre-empted. This might be done in a number of ways.
(1) Conceivably the U.S.S.R. might develop such an effective
aerospace defensive capability as to deny the U.S. the ability of con-
fidently launching an effective nuclear attack. Such a development is
not very probable, but it must be considered. The relative missile
strengths of the United States and the Soviet Union are, of course,
important in this context. Missiles do not, however, have the capa-
bility to patrol, to be recalled, or to establish the presence of military
power in aerospace over a hostile nation, which manned spacecraft
do have. Moreover, while there appear to be new missile develop-
ments in the offing, these developments do not seem to promise major
breakthroughs in the over-all growth of strategic capabilities.

(2) Another and probably more likely method of controlling space
would be to combine elements of both defensive and offensive systems
into the most effective military space force possible. This might then
permit the Soviet Union to restrict our use of space in such a manner
as to make a nuclear strike launched by missiles and aircraft impracti-
cal and possibly very difficult. The implications of such a develop-
ment are quite interesting. Assume, for example, that one nation
over a period of time builds in great secrecy and then suddenly
launches an overwhelming force of spacecraft that have significant
offensive bombing and interception capability. Assume that elements
of this space-alert force are overflying the second nation at all times
—in fact, they are patrolling its skies. Under these postulated condi-
tions the second country’s strategic retaliatory power is to a signif-
icant degree pre-empted. The initiation of nuclear war in response
to such a patrol force would seem unlikely. Yet the political-psycho-
logical impact of such a spaceborne force on the leadership and
populace of the second nation would probably cause fundamental
accommodation of its national objectives to those of the first nation.

Is this what Gromyko had in mind by his remark on 23 December
19607 “The time has come when it is possible to cut short the attempts
by the aggressors to start world war. More, conditions are being
created in which war can be eliminated for good from the life of
‘human society.” Whatever the answer to this question may be, no
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elaboration of the gravity of the potential threat of the Soviets' devel-
oping a capability to restrict our [reedom in space Is ne.ze.ded. It is
clear that the Soviets must not be permitted to win a military [(?Ch-
nological superiority in space. The conflict must be won by the United
States, not for cold-war advantages, not for national prestige pur-
poses, but for vital national survival. In winning this race our goal is
not to dominate any nation or to dominate space. Ou1.r goal should
probably be to attain the capability to prevent any hostile force from
dominating space. To put it in positive terms, our goal should be to
ensure the peaceful use of space.

A Technological Strategy Needed

Il the U.S. and the U.S.S.R. are waging technological conflict—
and the evidence is clear that they are—then the U.S. needs a national
technological strategy to win this conflict. This strategic plan must
be responsive to the growing Soviet technological threat. Such a strat-
egy does not seem to exist in any coherent form. Moreover the tech-
nological strategy needed must fit into or pattern, as the case may be,
our military, economic, political, and psychological strategy.

The establishment of such a national objective in space and ex-
planation of the importance of this objective constitute a most urgent
undertaking.

A very important input to designing a winning technological
strategy involves a clear understanding of U.S. aerospace research
and development capabilities and marshaling these capabilities to
achieve the objectives of the strategy. To do this adequately, the U.S.
needs a technological plan for winning the technological war. This
is probably largely the task of AFsc because the resources to perform
this task are, for the most part, in Arsc. Of course the AFsc plan for
winning the aerospace technological conflict would require endorse-
ment and support trom higher-level echelons in the Government.

Another very critical input to designing this strategy is detailed
analysis of the Soviet technological strategy. By discovering the Soviet
technological strategy, we are enabled better to marshal our own and
Allied technological capabilities to permit us to outmaneuver Soviet
technological actions.

In recognition of the need for increased emphasis in this area,
the Commander, AFsc, in January 1961 directed the establishment
of a command-wide foreign technology program. At the same time
he requested the organization of a Foreign Technology Division and
its assignment to AFsc. In February he directed the establishment of
a Deputy for Foreign Technology in each division and center to be
organized at the operating level of each command. The arsc foreign
technology program is now under way, but it needs and is receiving
vigorous support in the Systems Command, in the Air Staff, and in
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op. As the Arsc foreign technology program builds up, action is

specially needed to initiate and implement Arsc foreign technology

valuation and operational planning cycles to produce and keep up-
dated a usar Technological War Plan to ensure success in the aero-
ispace race against the U.5.S.R.

The winning of the technological conflict may require rapid op-
‘erational commitment of essentially r&p vehicles. AFsc must therefore
stay constantly alert for new Soviet technological developments in
space the purpose of which might be to restrict our access to space.
AFsc must be constantly prepared to recommend new weapon systems
that can be rapidly developed to successfully contest such an even-
tuality. It would therefore appear that an important fteature of the
UsaF plan should be to gain and maintain aerospace supremacy. In
this connection it should be noted that the U.S. has fought and won
three major conflicts in which we have achieved control of the air
over enemy territory, and we know quite well the principles and re-
quirements for winning such conflicts. The application of these prin-
ciples to winning the conflict for control of aerospace is not a simple
task, but the U.S. has resources of knowledgeable people to tackle
this task. Many of these resources reside in the usaFr, so in tackling
this task the Air Force should assume a major role. USAF space
research, development, and weapons acquisition programs, together
with foreign technology programs to ensure their eftectiveness, will
be central resources in winning the conflict.

‘ The Technological Battle Areas

As in any broad conflict, it is helpful and instructive to analyze
ithe specific areas of conflict. In the technological war we can dis-
itinguish several specific areas. The areas are, of course, closely inter-
related and interdependent. In addition each supports, in its own
iright, the over-all technological strategy that is being pursued to win
ithe technological war.

(a) Fundamental to all areas of the conflict is the national base
of education and spirit of the people. We Americans have prided
ourselves for years on our broad technological know-how. It is one of
the cornerstones of our way of life. Teen-age hot-rod mechanics,
flying clubs, rocket clubs, and the “do-it-yourself” trend are just a
few of the many facets of the broad technical proficiency of the
American people. But we all know that the bulk of this technical
genius is geared to the profitable chores of maintaining and improving
lour very high standard of living.

In Russia, the technical genius of the people is channeled by the
state into the military engineering and scientific fields that will
produce technological and military superiority. Communist leader-
ship has consistently pursued the educational goals to produce this
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superiority. Lenin stated that education must be a2 weapon for moving
society forward on the road to Comm_unism, and Stalin s?ud tha
“to build socialism . . . we must master science . . . to master sclence w
must learn from our friends and particularly from our enemies . . .
Khrushchev has embraced and extended these goals to meet the mod
ern demands of Soviet society. Technological and military superiorit
are twin goals of Soviet leadership. Khrushchev repeated them in hi
famous speech of 6 January 1961 when he stated that no stone mus
be left unturned which will lead to military superiority over the West.
These goals are more important to the Communist leadership than a
higher standard of living for the population. We have known this
long time, of course, but the point here is that Soviet leadership ha
created a national educational base and population spirit aimed at
achieving world domination.

The Soviets are devoting over 5 per cent of the gross national
product to education while we are spending about 3.6 per cent in the
United States. Over all, the Soviets are producing two to three times
as many scientific and technical professional graduates yearly as the
United States. Moreover predictions are that Soviet production of
science and engineering professionals will significantly increase by
1970, reflecting the Soviet commitment to military-technological su-
periority.

It is therefore gratifying to see President Kennedy pushing his
legislative program to improve U.S. education. The President’s pro-
gram should help, but the American people at large must become
aware of the tremendous technological challenge and realize that our
response to this challenge is rooted in our national educational base
and in our very society. We must invent democratic responses to the
Communist threat of educational technological superiority that will
stimulate, motivate, produce, and mobilize the professional man-
power of the United States. It may be prudent to consider extending

The battle areas in the technological war are those technologies resulting in su-
p.erzor systems, firmly grounded in and dependent on the education and capabili-
ties of the people as well as on basic and applied research programs and facilities.

special weapons

Space systems

command and control
ballistic systems

Support systems

aerodynamic systems
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’ur various political and military alliances into the fields of educa-
ion and technology in order to ensure the security of the West.
' (b) The next important area of technological conflict lies in basic
and applied research. Both these phases of research are rooted deep
in the national education and the spirit of the people, but they are,
of course, the foundation of all military technology. This area of
conflict between the Soviets and the United States needs a tremendous
amount of research and evaluation. We Americans do not hold a good
record for applying new principles derived from basic research, ex-
panding them through applied research, and adapting them for
military weapon systems. One only needs to note that, in spite of the
Wright brothers, no American-designed combat aircraft did battle in
World War 1. Similarly Goddard’s excellent work in liquid rocket
technology was first picked up by the Germans and exploited by
them during World War II. It was only after we saw the utility of
the V-1 and V-2 bombs that we really became interested in rockets.

We do enjoy excellent basic and applied research facilities
throughout the country, some of them superb. They exist in univer-
sities, in nonprofit corporations, in institutes, in industry, and in the’
military services themselves. There is a lot of evidence, however, that
basic and applied research need far more national and popular sup-
port in the U.S. than they are now receiving.

We have always recognized that basic and applied research in
Russia have been fundamentally good. As a result of Soviet programs
initiated as early as 1920, a tremendous amount of new basic and ap-
plied research data began to appear in the early and mid 1950's.
These data appeared in the form of new Ph.D.-type theses, new tech-
nical journals, and other new publications. What was happening, it
appears, was that the Soviet educational plans and their programs to
expand basic and applied research initiated as early as 1920 were
now beginning to produce. The war years had depressed the expan-
sion and production of basic and applied research in the Soviet
Union. After the war years, new institutes began to appear, new re-
search facilities were built, and the result was that much new tech-
nical data began to appear.

Not only have the Soviets expanded their own basic and applied
research facilities but they have greatly expanded their capabilities
to adopt and adapt basic and applied research from Western nations.
As many as 25,000 translators are reportedly available to work on
Western technological information, and we see evidence of this in the
periodic publication of large compendiums on the state of the art in
particular technologies. A good example is “Silicides and Their Uses”
by G. V. Samsonov, a document that rather well summarizes knowl-
edge of silicides in Russia, Great Britain, France, and the U.S.
through 1959.

The Soviets are therefore not only rapidly expanding their own
basic and applied research capability but also systematically captur-
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ing basic and applied research information trom the e.ntire world. In
contrast, there is concern in several circles in the United States that
we are not investing sufficient national resources in basic and applied
research. ) :

(c) One of the most critical battle areas in the technological war
is aeronautical systems technology. On 9 July 1961 the Soviets paraded
tremendous numbers of aeronautical systems at the Tushino Air
Show. Here Western eyes saw many new Soviet aerodynamic systems
fly publicly for the first time. Some of the new systems seen were
expected. Others were not. The Bounder airplane was seen to fly in
this air show for the first time. There is not general agreement on
what the Bounder is. It could be a supersonic transport prototype.
It could be a supersonic bomber prototype. It is probably a test bed.

The present U.S. inventory of aerodynamic vehicles is superior
to that of the Soviets. The B-52, the B-58, some of the 100-series air-
craft, and some of the newer aircraft, together with the air-to-air and
air-to-surface missiles affiliated with these aircraft, leave little doubt
that the U.S. is significantly ahead of the Soviets in aerodynamic
system technology. But where are the Soviets going in aerodynamic
systems in the future? Are they developing new aerodynamic systems
that would be significantly superior to those that we now have in our
inventory or on the drawing boards?

(d) The Soviets stole an early lead on the U.S. in the development
ol missiles by vigorously exploiting German technology. There has
been a lot of heat generated over whether or not the Soviets are
ahead of the U.S. in 1ceM’s. All in all, with the tremendous success
of the Minuteman missile and the success of the Polaris system we
probably are justified in believing our missile technology is superior
to that of the Soviets. In the fall of 1961, however, when the Soviets
started nuclear testing, they also initiated a new series of 1ICBM tests,
firing them into the southwest Pacific Ocean. At that time Marshal
Malinovsky announced that the Soviets were testing “invulnerable mis-
siles.” On 17 March 1962 Khrushchev boasted that the Soviets then
had huge new invulnerable missiles that could travel over 20,000 miles
to the target. Such missiles could probably carry new large warheads.

(e) The Soviets electrified the world when they launched Sputnik
I in 1957. A little over 414 years later the Soviets were orbiting
manned spacecraft and satellites over the U.S. at altitudes barely
above 100 miles. Khrushchev has boasted that these spacecraft could
carry 50- and 100-megaton warheads. He has boasted that these war-
heads could be deorbited to any spot on the earth.

We have made significant progress in our own space programs,
but we must be frank and recognize that the Soviets have clearly
demonstrated a superior booster capability, they have acquired a
superior knowledge of bioastronautics, and they enjoy a superior
spacecraft payload capability. It is pure wishful thinking to believe
for a moment that the Soviets will not militantly exploit this lead in
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yace technology to achieve their objectives in dominating the world.
(f) We believe that the U.S. is probably ahead in command and
control systems. Our electronic industry and our radio, Tv, and tele-
shone facilities in the West are truly sources ot tremendous strength
nd flexibility. Nevertheless close study of the Soviet communication
system, such as that done by Dr. Alex Inkeles at the Harvard Russian
esearch Center, leads us to suspect that the Soviets have achieved
ommand and control systems fully adequate for their purposes.
studies made of the Soviet capabilities to jam the Voice of America
radio transmissions also show the tremendous resilience, flexibility,
and broad capability of the Soviet communications structure.

(g) Soviet progress in the development of nuclear weapons has
been phenomenal. In the first 10 years, from 1949 to 1959, the Soviets
demonstrated complete competency in the development of nuclear
reapons. We did see some unsophisticated aspects in their weaponry,

ut we recognized they could probably be corrected.

During the sham moratorium period many people felt that the
oviets were conducting tests underground or in space. (See some of
Dr. Edward Teller’s articles on this matter.) At any rate it is clear
today that the Soviets were vigorously preparing for new tests during
he period when we obligingly stood down our nuclear technological
levelopment forces.

The tests that the Soviets initiated in the fall of 1961 constituted

tremendous technological surprise to the West. Some people have
said that as a result the Soviets are two to four years ahead of us in
he development of nuclear weapons. Others are not quite so pessi-
mistic. It is clear, however, that the Soviets made great strides torward
in this critical technological battle area and that we must continue
to press ahead if we intend to maintain nuclear weapons deterrent
capability against the Soviet Union.

ITHE BATTLE AREAS in the technological war are all critical to our
national security. Significant defeat in any one area will provide the
Soviets with a breakthrough which they will exploit in their quest
for world power. Since the end result of a successful technological
trategy i1s to achieve significant military superiority, it may be help-
Ful to at least suggest what appears to be the Soviet strategy.

Clearly the Soviets are embarked upon world domination. They
recognize that in order to succeed in this goal they must achieve
significant military superiority over the U.S. They have invested large
national resources in education and in basic and applied research
facilities. In the aeronautical systems area, it appears that the Soviets
leel confident they can defend themselves. In the missile area, the
doviets boast that they are well ahead of us. And they now boast that
they have the capability to destroy our missiles on re-entry. The
soviets as a nation have stressed the development of space capability.




18 AIR UNIVERSITY QUARTERLY REVIEW

Here it appears that in the areas mentioned previously they enjoy a
two- to four-year lead over the U.S. It appears that the Soviet leaders
are embarked upon a technological strategy of outflanking us in|
aerospace. It appears that they are embarking upon a major cam-
paign to develop a military space capability which would in fact
constitute a strategic aerospace envelopment. Thus, in old infantry
language, the Soviets are conducting a vigorous holding attack in the
aerodynamic and missile technological battle areas while executing
a strategic aerospace envelopment in the space systems technological
battle area. ‘

The U.S. has operated for years on the assumption that we enjoy
military technological superiority. New Soviet developments in basic
and applied research, in aerodynamic systems and ballistic systems,
in space systems, in nuclear weapons, and in the so-called exotic
weapon areas (maser/laser, plasma research, and the like) give us
serious cause to ask if this assumption is valid today.

The challenge is that we must mobilize our technological re-
sources and plan our technological strategy for countering and con-
trolling the new technological developments that we see appearing
in the Soviet Union. And we must do this with great urgency and
personal dedication.

Headquarters Air Force Systems Command
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WENTY years ago a comparative handful of men set to work
under wartime conditions of haste and secrecy on the develop-
| ment ol an entirely new type of weapon—the atom bomb. Eight
lyears ago a similar but larger eftort was initiated to develop the inter-
rontinental ballistic missile. Today, with the same sense of urgency,
the Air Force is creating scores of new weapon and support systems,
ost of them more complex than the atom bomb and many of them
i:nore demanding in time and resources.
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This rapid advance in military technology since Worlgl VVgr IT
is a measure of the enormously increased requirements ol national
security. Military strength has long been heavily dependent on
science and engineering; today, in the space age, technological superi-
ority is the cornerstone of national survival. R

The rapid progress of modern science and the continuing Soviet
threat have combined to create this situation. The “technological
explosion” of the last two decades has had far-reaching consequences.
In less than a generation the store of mankind’s scientific knowledge
has been more than doubled.,

As a result of this accelerated technological advancement, weap-
on systems become obsolete at an increasingly rapid rate. Ten years
ago the manned bomber was the sole strategic aerospace delivery
system; but the development of intercontinental ballistic missiles mul-
tiplied delivery speed many times and ushered in the space age. Prog-
ress has been incredibly rapid—from Thor, Atlas, and Titan to
Minuteman, and from soft to hardened sites. In the 1950’s the heat
barrier was conquered by modern technology, just as the sound barrier
had been conquered in 1947.

Meanwhile the Soviets have shown that they fully intend to use
science and technology as major instruments in their drive toward
world domination. In this environment of accelerating technology—
and in face of the gravest threat our nation has ever known—the Air
Force is confronted with the challenging task of maintaining techno-
logical superiority. Meeting this challenge is as much a matter of
time as a matter of performance. Not only must new systems embody
the latest technical developments; they must also become operational
in time to meet anticipated future needs. Consequently technological
planning must be projected years into the future.

In the task of acquiring modern aerospace systems today, the
pacing factor is management—not science or technology. Management
is the element that directs, guides, coordinates, and controls the
many aspects of system development, such as analysis and evaluation
ol foreign technology, planning, anticipating future breakthroughs,
basic and applied research, advanced technology, training and utiliza-
tion ot personnel, testing, production, procurement, and contract
management. ‘The need to utilize all our research and development
resources eftectively, eficiently, and on a timely basis and the need to
translate new discoveries into new weapons with the shortest possible
lead time—these are our two basic management problems in main-
taining technological supremacy today.

The responsibility for systems acquisition is assigned to the Air
Force Systems Commandl. Brietly stated, the mission of AFsc is to
acquire, on a timely basis, the tools with which the Air Force opera-
tional force structure is to be equipped. The magnitude of the task
is indicated not only by the number of systems involved—currently
more than 80 in various stages of the acquisition cycle=but also by
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he resources assigned to arsc: 64,000 military and civilian personnel;
facilities worth on the order of 2 billion dollars; and an annual
‘budget in the neighborhood of 8.5 billion dollars, which is nearly
10 per cent ol the entire Federal budget.

The task of systems acquisition must be accomplished within the
framework of the over-all Air Force program established by Head-
guarters UsAF. Within the authority delegated by the Department of
Defense, Headquarters usaF is responsible for determining how to
proceed with program execution within current or planned resource
capability. It issues directive documents authorizing the conduct of
individual programs by the field commands, and it takes action to
ensure adherence to schedule, continuing resource balance, and prop-
er utilization of program products. It must ensure proper coordina-
tion between commands and must continuously evaluate and readjust
programs and resources in the light ot changing requirements and

’ objectives.

In carrying out the responsibilities assigned to it by Headquarters
usafF, the Air Force Systems Command in turn assigns operating
‘responsibility for systems acquisition directly to its four product
‘divisions—Aeronautical Systems Division, Ballistic Systems Division,
Electronic Systems Division, and Space Systems Division. These
Idivisions plan and submit for approval individual system programs
idesigned to satisfy the requirements of Headquarters usar. Within
the scope of the directives received, the divisions utilize the resources
allocated and execute individual programs. Their management
authority is limited only by the approved scope, schedule, and per-
‘formance characteristics of the system being acquired. They establish
objectives and performance criteria; they monitor results and issue
necessary instructions. In essence, then, the divisions perform day-to-
day management of all participating activities within the approved
program.

The aArsc headquarters has several unique management respon-
sibilities. It must direct the total resources of the command, providing
policy and procedural control over all ArFsc elements—the four system
divisions and the Foreign Technology Division, Aerospace Medical
Division, and the Research and Technology Division; the seven
development and test centers; and the three Contract Management
Regions—and administration of the Armed Services Technical Infor-
mation Agency. It must establish and manage the total command
functional and technical programs which the Air Staft integrates
into the total Air Force program.

In addition Headquarters Afrsc provides strong support to the
Elanning, requirements, intelligence, and decision-making processes

f Headquarters usar. It exercises directive authority over the ap-
lied research program, foreign technology program, planning studies
nalyses, and forecasts for the future. It allocates work and distrib-
tes resources based on mission assignment, resource availability, and
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over-all competence. It establishes policy and publishes procedural
instructions to ensure that both research and systems acquisition
activities are incorporated in an orderly fashion into the over-all
technical and functional programs of the command.

Thus the achievement and maintenance of technological suprem-
acy calls for management responsibility at three distinct levels within
the Air Force. Each echelon is uniquely qualified to provide a specific
type of review. The division level provides primarily a technical re-
view. It can provide only a limited functional review, that is, a deter-
mination of the proper balance among the programs assigned to the
division. The command level provides a complete functional review
across all arsc program lines. The third level of review—at
Headquarters usaF—takes into account the reviews conducted at di-
vision and command level and considers the additional factors of
priority and availability of new resources, within the context of the
total Air Force program.

A LtHOUGH this is the logical relationship among the
different echelons of management, the relationship has not always
been preserved, for reasons that can be shown by Air Force experience
in developing the intercontinental ballistic missile. Beginning about
1955, both the Office of the Secretary of Defense and the Air Force
recognized that the urgency of 1ceBm development demanded ‘‘stream-
lined” administration. Accordingly a working group was established
by the Assistant Secretary of Defense for Research and Development
to evaluate administrative and control procedures with the objective
of reducing any delays that might impede achievement of the earliest
operational capability.

A report entitled “Streamlined Administrative Procedures” was
submitted to the Office of the Secretary of Defense and was approved.
In essence, the intent of the report was to centralize authority to the
maximum extent with the Commander, Arpc, 4t the operating level
and with the Secretary of the Air Force at the final review and policy
level. Although *complete authority and control over all aspects”
was delegated to the project office, several significant adjustments
were made in each higher echelon for the purpose of expediting
approvals and eliminating delays which had previously occurred in
the decision-making process. These adjustments included actions (1)
enabling the project office to deal directly with Headquarters USAF
by making it part of the command headquarters; (2) establishing a
single control office at Headquarters UsAF to ensure coordinated and
timely staff work on a concurrent—rather than consecutive—review
basis; (3) providing for an integrated/consolidated review and ap-
proval by all functionally responsible staffs at the Secretarial level;
and (4) combining the justifications and concurrences required by
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'various Assistant Secretaries in a single approval group at the osp
“level. In addition the streamlined procedures provided for a delega-
tion of responsibilities for management to the Secretary of the Air
Force subject only to final review and gwidance by Office of the
Secretary of Defense/Ballistic Missiles Committee.

These actions proved to be highly successful in expediting deci-
sions and minimizing delays on the three ballistic missile programs,
Atlas, Titan, and Thor. This success may be due primarily to the
relatively few programs involved and the centralization of emphasis
in terms of technical and managerial competency at each echelon of
command. But in spite of the success achieved, there were certain
drawbacks from the standpoint of the several staffs or agencies con-
cerned with the allocation and administration of resources and activi-
ties necessary for execution of the programs. These drawbacks be-
came especially marked as the programs progressed from the early
research and development phases to the operational phase, during
which time the number of organizations and agencies involved in-
creased tremendously and functional expertise was required to an
increasing extent in order to accomplish all aspects of the programs.

The “streamlined” procedures, then, although successful from
the standpoint of timely decisions and minimum delays in execution,
could be criticized from the standpoint of qualitative and quantitative
functional participation and efficiency. As a result of these criticisms
and the expanding nature of the program management requirements,
the procedures were formally modified in 1960.

The net result of this modification was to place the functional
staffs back in a recognized strong position relative to the Ballistic
Missiles Committee. Pending Secretarial decisions were then carried
out by means of normal functional areas directing resource allocation
and implementing actions. This same time period marked a turning
point in the evolution of the decision-making process at higher levels.
Not only did the modified procedures provide for more detailed scru-
tiny, resulting in an increased level of detail and time required for
program approval within the Air Force, but simultaneously the ap-
proach to decision-making in the Office of the Secretary of Defense
was evolving in a like manner. In many respects conditions were ripe
for the growing centralization of authority at the higher levels of the
Department of Defense.

As a result of these trends, a policy of “selected systems manage-
ment” was established in early 1961. This forerunner of the desig-
nated systems management procedures involved a redesignation of
the Ballistic Missiles Committee as the Air Force Ballistic Missiles
and Space Committee (AFBM&sC), with its responsibility broadened
to include space systems. In addition it was provided that, on an
exception basis, specific instructions or decisions might emanate
directly from the Office of the Secretary cf the Air Force to the field,
and in such instances response would be authorized directly to the
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Secretary. Furthermore the AFR-375-serie§ concept ol management was
recognized as applicable to the seven missile a.nd.space systems select-
ed to be under the active management cognizance of the Secretary
of the Air Force, provided that adjustments in program documen-
tation resulting from AFr 375-4 did not produce significant departures
from previous missile and space program coverage or levels of detail.

In addition to those systems selected for “active management
cognizance,” others were assigned to the Secretary of the Air Force
for direct management control, with no management participation
by intervening command echelons: direct contact and control were
to be maintained between the Secretary’s office and the operating
field project ofhce.

At the same time the AFsM&sc assumed a larger role than that
described in the original arsyc charter, which provided primarily
for review and approval of the annual development plans, with
“maximum latitude and authority” given to the Air Force. By con-
trast, the AFBM&sc was to advise and assist the Secretary of the Air
Force in establishing program objectives, review all changes affecting
the operational program, review the impact of technological develop-
ments, review all major management problems, and review schedules,
development and test results, missile support, and program milestones.
With the advice of the aFsmasc, the Secretary retained full authority
for approval of actions pertaining to these items. Thus the net result
of the early 1961 changes in management of highest priority systems
was to establish the means for even tighter control based on a more
detailed knowledge of an increasing number of programs.

T'uis TREND—the management of more and more pro-
grams in greater and greater detail at higher and higher echelons
within the Department of Defense—culminated in the redesignation
of the ArFsMm&sc as the Designated Systems Management Group
(psmG) and the addition of several more prograins to the list of sys-
tems to receive “special management emphasis.” These actions took
place during the summer of 1961. The stated reason for establishing
“redline procedures” was to assist higher departmental levels in dis-
charging their responsibilities for accomplishing urgent research,
development, and production programs. The establishment of these
procedures appears to have been based on the premise that stream-
lined channels, as originally provided for in the ballistic missile pro-
gram, are sound in principle and can be applied to many important
programs in today's environment.

It has become increasingly clear in practice, however, that desig-
nated system redline procedures have not proved as effective as it was
hoped they would be. They have frequently resulted in the bypassing
of functions that must be pertormed at the various echelons of
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anagement, functions that are essential to the proper management
[ the total Air Force program.

A cardinal principle in the Arsc interpretation and application
f the redline concept was the utilization of the joint staft review
srocess established in conjunction with the Systems Review Board
“(srB) activity at Air Staft level. Under this concept, there were to be
o intermediate-level reviews or disapproval authorities (and attend-
ant program delays) between the responsible system program ofhce
(spo) and the Designated Systems Management Group. Although
program (ocumentation was to be authorized and provided in ad-
vance of and as a basis for recommendations leading to decision by
the bpsmc, and although presentations were authorized for joint
AFsC/UsAF “informational” reviews at the Systems Review Board level,
omplete functional staft action was not possible at the Headquarters
IAFsc level in the majority of program submissions. As a consequence,
iarsc staft input and recommendations to either the sks or the psmc
were lacking. The staft recommendations that have been possible have
resulted primarily from system-oriented spo/systo (Systems Staft
Ofhcer) activities, which lacked the broader total program functional
area inputs required for over-all integrity and balance when viewed
collectively from a total Air Force standpoint.

This approach to the implementation of the redline concept did
not have the desired effect. It did not result in a streamlining of
systems management. On the contrary, it had virtually the opposite
effect. While arsc was eftectively eliminating its headquarters staff
as a significant point of input and control with respect to its assigned
functional authorities, the numbers and types of reviews being ac-
icomplished on various aspects of its programs at every level above
|AFSC hea(lquarters were increasing rapidly. These reviews have in-
volved an increasing number of people. More questions have been
asked, and additional justifications have been required.

: Thus the attempt to eliminate levels of review has actually re-
sulted in an increase in detailed data required at the top and a de-
crease—in the name of urgency—in the quality of review. The
requirement for increased detail at the top levels of management is
indicative of an effort to consolidate the entire review process at a
level which may not be best qualified to perform all aspects of review.

The inadequacy of such attempts to streamline the decision-
making process suggested that the answer lay in another direction.
First, we did not assume that the various levels of review are dupli-
Lca[ive. Properly utilized, each has a unique and appropriate function.
The project level—laboratory or system project office—should be
recognized as the last word technically within the command. It fol-
lows that program review at arsc division level should logically be
Jprimarily of a technical nature. The capability for functional review
at this level is limited to a consideration of the balance among pro-
bgrams assigned to the division.
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The basic capability which is missing from the division-level
review process is the capability for complete functional evaluation
across all AFsc program lines. This critical ingredient has been fre-
quently eliminated in attempts at streamlining, even though it is
essential to sound top-level decision. Logically it cannot be eliminated
from the cycle, and with equal logic it can best be performed at the
command level, where there is the required degree of knowledge of
all programs assigned to the command.

Review at Headquarters aFsc, then, must be primarily functional
in nature. To implement the functional emphasis, a basic adjustment
of existing funding and programing practices was considered. For
example, in annual program submissions total dollar levels are as-
signed by division and center; a balanced program is required of
each. Under the procedures for reprograming requests, divisions were
required to identify the programs from which dollars may be taken
from within their assets. These requirements presupposed a capabil-
ity at division level that did not and should not exist. They forced
the divisions to perform a degree of functional review that must be
acknowledged and performed in the command headquarters.

Designation of programs which should yield funds can most real-
istically be done in the headquarters after a review of all programs.
It is not realistic to assume that a program assigned to the division
originating a reprograming request is the one which should yield
funds. This assumption would be valid only if each division had the
program assigned the lowest priority, which can obviously never be
the case when there is more than one division. Moreover, priority is
not the exclusive consideration.

For these reasons, Headquarters Arsc has revised its approach
so as to place increased emphasis on functional review while at the
same time reducing the requirements imposed on the divisions. In
addition staff offices in the headquarters have augmented their capa-
bility to allocate resources to divisions and technical programs
assigned to divisions; to evaluate the impact of program changes on a
total program basis; and to indicate clearly to Headquarters usar the
portions of resource requirement involved in program changes that
can be met within the resources of the command, the portions that
represent new requirements, and the alternatives that are appropriate
within the purview of higher authority.

This increased capability at the command level promises to re-
duce the scope of the review effort at Headquarters usaF and to per-
mit readjustment of emphasis there to matters pertaining to relative
priority and new resource requirements related to program changes.
At the Department of Defense level it should be possible to treat
change proposals with a higher degree of credibility because of the
completion of staff work at all levels by the echelon best qualified to
perform a particular aspect of review.
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: E'ron THIs brief history of weapon systems management
‘in the Air Force, several useful lessons may be drawn. First of
all, it can be seen that the unique short-circuit management tech-
‘niques and administrative procedures employed on some programs in
the past cannot be universally applied with the same effectiveness.
' They must be recognized as fruitful in the past and as potentially
appropriate in the future for programs involving extreme national
urgency or risk where it is obvious that normal program management
techniques are inadequate to accomplish the approved objectives
within the time period prescribed.

But such specialized procedures may not be extended beyond a
relatively few programs without some deleterious eftect on the normal
management structure and on the portion of the system program that
does not fall within the highest priority category. The recent trend
has been to add more and more systems to the specialized manage-
ment list, thereby diluting the amount of special management
emphasis that might be applied in the priority areas and degrading
the normal management emphasis available for lesser priority systems.
Accordingly, the list of ‘“designated systems” is being re-evaluated
with a view toward reducing that list to a number more consistent
with the time and talent available for “special” management emphasis
at the higher levels of the Department of Defense.

Second, the increased number of personnel assigned to perform
the staff function of the Department of Defense has tended to hamper
the eftectiveness of the basically sound ‘“‘package” approach to pro-
gram management. In practice, decision-making has become a piece-
meal, functionally separated, subitem-by-subitem process, which is in
fundamental contradiction to the objectives of both the original
“streamlined” administrative concept and today’s “package” concept.
Studies should be initiated to find better ways of implementing these
concepts of program management. One approach might involve the
establishment of a single office or integrated joint activity, such as the
0sp/BMC, that would be responsible for reviewing all aspects of in-
dividual programs in a total integrated context, considering the
relationships among dollars, people, technical facilities, schedules,
and other aspects of programs.

Third, because of the past approach to redline procedures, in-
sufficient staff coordination and review had been provided on system
programs, and an improper balance in staffing responsibilities existed
in Headquarters Arsc as compared with the Air Staff and higher
levels. Arsc review procedures were adjusted to provide a more
intensive functional review than in the past, covering all aspects of
the nondesignated system programs and, on an expedited basis, the
designated system programs.

In order to achieve this objective and to meet the Department
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of Defense requirements for more definitive proposals, for more de-
tailed and accurate estimating, and for continuous programing on a
five-year basis, several procedural adjustments were required. One of
these put programing emphasis on proposals or change proposals
which require approval by the Office of the Secretary of Defense.
Specifically, all changes that exceed the resource, schedule, or funding
thresholds established by osp are thoroughly reviewed by the func-
tional staft in Headquarters Arsc betore they go to Headquarters
usafr. In addition, those changes made within AFsc’s approval authori-
ty are reviewed and approved on a continuous basis prior to their
being submitted as an accumulated exception to the osp thresholds.

In the same manner the concept of continuous programing has
been implemented within AFsc to avoid piecemeal, inconsistent rec-
ommendations to higher authority. This is accomplished by using
the Headquarters arsc stafl as a central command review group on a
continuing basis, since this is the only agency having broad enough
knowledge ot the entire command program to pass on new proposals
or change proposals in context with the entire technical and function-
al programs assigned to AFsc.

Other actions within Arsc have strengthened the functional re-
view at this level. One ot these was the establishment of an AFsc
Council comparable to that existing in Headquarters usar. In
addition to advising the commander on other important matters, the
Council reviews all significant proposals and changes to ensure quali-
tative and quantitative completeness as well as total program integ-
rity belore they are recommended to Headquarters usaF.

We are also strengthening the technical validity and position of
program proposals submitted to Headquarters usar. To achieve this,
all technical presentations and responses to queries about technical
aspects of programs will be made as far as possible by the program
manager or by those project-level personnel best qualified to discuss
the technical aspects of the program. arsc will continue to strengthen
its present systern of using highly qualified technical consultants and
advisory groups to ensure technical credibility at all levels in the
decision-making process. A further increase in management credibil-
ity will be achieved by continuing improvement in the cost estimates
which are continuously required by higher echelons both as part of
the initial proposals and annual budgetary updating cycles and also
quite frequently as part of the extensive analysis process within the
Department of Defense.

These actions promise to bring a significant improvement in the
management capability that is the pacing element in achieving tech-
nological superiority. But their continuing eftectiveness, in the final
analysis, is governed by the quality of the people involved. This is
the constant factor in any management equation, and any program
for management improvement must take it fully into account. Changes
in organization or procedure alone do not reach the heart of the
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['}:‘roblem. In addition to the necessary procedural changes, AFsc must
ake intensive and continuing efforts to attract, utilize, and retain
‘the very best people, both military and civilian. People, it appears
‘more and more, are the key element in our strategy for waging and
winning the crucial technological contest of our time.

Headquarters Air Force Systems Command
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FROM
CONCEPT TO
INVENTORY

Military technology is ultimately bound up in the
research and development process. The various
systems on which our national security rests are
the products not of circumstance but of the most
astute research and development planning that
man and machine can provide. The planning an-
ticipates the hardware of as far as a score of
years into the future. Beyond the plans lie the
processes that carry the new idea from the draw-
ing board to the active inventory—the basic
research, applied research, advanced technology,
development, testing, and evaluation required to
render a product operational. Inevitably Air Force
research and development have become increas-
ingly complex and diverse, compounding the prob-
lems of control; but by July 1963 the management
of applied research and advanced technology
programs will be centered in seven laboratories
covering technical areas of Air Force concern.



RESEARCH AND
DEVELOPMENT PLANNING

CorLoNEL FrLoriaN A. HoLMm

I i‘ROM time to time some of the Nation's leading scientists and
military authorities have taken the position that research and
development cannot be planned. They have argued further that it

should not be planned even if planning were [easible because planning

dampens creativity, smothers new ideas. It is said that planning, to be
effective, must be of such a long-term nature that it is fraught with
the uncertainty which increases rapidly as one attempts to look farther
and farther into the future. And, even if planning could be precise as
of some point in time, the unpredictable political tenor of the moment
or an unexpected turn of events always seems to upset the finest of
research and development plans. These advocates of laissez faire in re-
search and development overlook the simple fact that planning is
being done and will continue to be done in spite of their admonitions.

In fact, the very act of overt abstention from planning is a plan in it-

self—and a very dangerous one.

The obvious consequence of a “no planning” plan is that the
legitimate objectives of military research and development may be
neglected and emphasis placed on secondary and collateral objectives,
such as personal and organizational aspirations. In such an environ-
ment the research scientist or the military project officer must be ex-
pected to continue to push forward in those areas where he is most
competent, without stopping to consider whether they are rhe areas of
greatest payoft to the Nation. The fscal fortunes of any particular
effort would be dependent primarily on the salesmanship of its cham-
pions and their positions of strength relative to the champions of
other efforts. It would be fortuitous indeed if the technical areas
selected by this random method were also those most vital to our na-
tional security. This remote circumstance would yield an obvious
bonus in that the researcher would make greater progress in the areas
for which he was best qualified. But even if such a happy siivation
should exist, the military tactician and strategist would be reduced to
a hat-in-hand attitude of hopeful waiting. With no basis for tech-
nological forecasting, he could only respond to each new technical
innovation as it occurred. It seems, therefore, that the very survivalﬁ
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of our way of life depends strongly on a vigorous planning effort to
provide purpose for military research and development and substance
for military strategy and tactics.

The wide diversity of research and development activity conducted
by the Air Force Systems Command necessitates entirely different plan-
ning approaches for different portions of the r&p spectrum. The plan-
ning for a broad span of technology (as in human engineering) must
be handled quite differently from that for a sharply focused effort
which can be scheduled and the progress of which can be measured
against clearly defined milestones (as by advanced technology engineer-
ing demonstrations of solid rocket engines). Some portions of re-
search should be generally oriented to provide a broad technological
base for supporting a wide variety of future capabilities. On the
other hand, certain items of advanced technology must be demon-
strated, one at a time, on such an elaborate and expensive scale that
only a few demonstrations can be aftorded prior to the initiation of
systems development programs. Some activities are not readily ame-
nable to planning of any kind. For example, basic research probably
cannot be planned in detail, and we scorn the notion that fundamental
inventions can ever be scheduled. Even here, however, some selec-

),
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Crusade of Champions

As a planning technique the “crusade of champions” is not unknown in R&D man-
agement circles. It can be attractive to the manager whose pet project is beyond the
point of diminishing returns. A project may be sustained for years by hard-sell
bactics stressing its javorable potentials. Formal planning techniques cull out
fuding projects by exposing all their attributes, the bad as well as the good.



National Scientific Prestige

Growing awareness of technological conflict has stimulated a re-examination of
our national objectives. In consideration of the impact of military research and
development on the posture of modern nations, national scientific prestige has been
added to the set of security objectives supported by the Defense establishment.

tivity must be exercised, since neither the Air Force nor the Federal
Government can support all basic research scientists who would like
to work in their chosen fields. Areas must be selected for support which
hold out promise for advanced military applications, even though it
is recognized that the areas to be explored are usually virgin and un-
predictable. At the opposite end of the research and development spec-
trum, planning is quite crucial because of the high costs of modern
weapon systems needed by the Air Force in the future and the rela-
tively limited resources expected to be available for their acquisition.
The importance and eftectiveness of planning vary gradually between
these two extremes.

The problems facing AFsc planners are extremely broad in scope.
The types of research and development performed, as well as the quan-
tity and quality of each type, must be adjusted constantly to main-
tain the balance required to make maximum contribution to our na-
tional objectives. Those objectives normally associated with national
security can be generalized into operational categories, such as central
war oftense, central war defense, limited war, logistics, reconnaissance,
and intelligence. However, the development of major weapon systems
often influences objectives normally considered to be outside the
military sphere. The fact that we are engaged in a scientific race—
that we are waging a technological war—is becoming increasingly
evident. The current evolution of strategy for waging and winning
a technological war or race of science involves technical planning at
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the highest levels. Technology has assumed such a significant role
in determining the posture of modern nations that national scientific
prestige usually is treated along with the traditional military objec-
tives. Since technology knows no sovereign bounds, its planners must
take into account the fact that the needed technology may emerge any-
where about the globe. The investigators in the Soviet Union, Japan,
Western Europe, or South America, for example, are all potentially
capable of increasing our total technical and scientific knowledge. The
contributions of international technology assume major significance
in basic research, where the risk of pursuing an unprofitable project is
greatest, the military potential is most nebulous, and the probability
of technological surprise is least. At the weapon systems development
end of the R&D spectrum, vigorous competition almost completely dis-
places international technological cooperation.

The Techniques of Planning

In all military rR&Dp planning, an important objective is to mini-
mize elapsed time between the initiation of a concept and attainment
of its operational capabilities. This over-all objective necessitates an
integrated view of these activities in order to prevent technological
surprise by a competitor. Important aspects of the military planning
problem include the ensurance of optimum timing, the realistic
assessment of risks and military potentials, the assignment of priorities,
and the allocation of resources among the various research and de-
velopment efforts. Integrated plans which achieve satisfactory solu-
tions to all these problem areas must also be flexible enough to
respond rapidly in a dynamic environment, both within and external
to the planning community.

To achieve full implementation of the national policy of deter-
rence, comprehensive plans for research and development within the
Defense establishment must provide for effective deterrents at all
levels. Recent history has illustrated the adeptness of the adversary
in his continuous probing for soft spots along the entire spectrum
of conflict, from general nuclear war through the various types of
limited war to the many aspects of cold war, including technological
warfare, economic competition, and other paramilitary activities. The
science race must be included also as an element of conflict, and the
strategy of winning it must be considered as separate objectives to
be evaluated with respect to all possible reactions of the Communist
bloc. Then step by step we can also attain and maintain the initiative
in this new area of conflict.

All possible means must be considered for attaining our national
objectives within this environment of “total conflict.” Superior in-
being military forces must be maintained throughout the planning
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period by (1) optimum employment ol currently available weapon sys-
tems in a high state of readiness, (2) modernization of in-being forces
through the exploitation of available technology, and (3) advancement
of technology to provide a base for future generations ot weapon sys-
tems. These three different kinds of activities occur simultaneously,
but they are generally oriented toward three difterent time periods.

Historically it has required five to ten years to modernize in-
being [orces to any considerable extent and ten to fifteen years to
produce in-being forces based on significant advances in technology.
Thus production and procurement activities are oriented primarily to
objectives within the first five years in the future; operational develop-
ment of weapon systems and major hardware projects are intended
to provide modernized in-being forces during the second five-year
period in the future; and the in-being forces to be available during
the third future five-year period will result from today’'s applied re-
search and advanced technology eftorts. The fact that basic research
is expected to have its greatest impact during a period fifteen to
twenty years in the future is sufhcient reason for leaving this area
largely unplanned, because of the inherent difficulty of forecasting
events or situations so tar ahead.

The most useful common denominator for planning throughout
all these time intervals and within the very complicated conflict en-
vironment has been found to be the weapon system. Technology in its
own right plays a prominent role as a means of influencing men’s minds
in the technological warfare in which we are engaged. In fact the
major world powers probably are tempted from time to time to per-
form technological “stunts” purely for this purpose. However, the
genuine technical advancement that offers potential for the develop-
ment of new and greater weapon system capabilities is a far more
eftective instrument of technological warfare—and hence holds the
greater interest ol military planners in both camps. Qualitative future
trends in the performance characteristics of U.S. weapon systems are
plotted for comparison with similar trends in weapon systems of for-
eign powers in order to assess the ability of this nation to carry out its
national objectives. These trends are normally plotted by systems
category, such as aeronautical systems, ballistic missile systems, space
systems, and command and control systems. Comparison of the weapon
systems performance trends of the opposing military powers is a useful
technique for predicting potential voids or weaknesses in future mili-
tary forces of the United States. When a potential weakness is fore-
cast, a sequence of events is triggered to provide capabilities in time
to prevent the actual diminution of our relative strength.

At the earliest indication of any potential problem, conceptual
planning studies are initiated by the Air Force Systems Command
either in-house or through contractor efforts. The need for a specific
conceptual study can arise for a number ol reasons: to react to poten-
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AFSC Planning

‘The Air Force Systems Command planning process begins with a conceptual plan-
‘ning study. This study is designed to exploit new technologies and to examine new
concepts of operational use for advanced weapon systems. Technically feasible con-
cepts of sufficient military worth are established as planning objectives to guide
the technical areas of research, the advanced development objectives, the system
feasibility studies, and the analyses of technological force structure planning. The
many interactions of these activities resull in a required technological force
structure, from which elements may be selected at appropriate times for more thor-
ough designing and offered as system package plans for approval and funding.

tial enemy advances, to exploit significant scientific advances, or to ex-
plore in a scientific manner excursions into the unknown—the area of
speculation and imagination. The conceptual study is the primary
mechanism through which new technologies are examined for their
military potential and new operational concepts are introduced to
exploit technological innovations. The planning study activity truly
comprises the rudder which steers the ship of technology and the gim-
bal which guides the spacecraft of strategy.

An 1mportant result of these studies is the crystallization of
thinking concerning future capabilities required by the Air Force.
These results are usually expressed as system concepts although they
Lay take other forms that express clear-cut technical objectives, the

ttainment of which will give the Air Force a desired capablllty
%reat many competitive and alternative concepts are compared in a
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series of analysis tasks and finalized by means of command-wide plan-
ning conferences to establish specific future requirements. These
requirements are published and kept current in AFsc planning objec-
tives (PO’s) and are expected to be of military worth and technically
attainable during the 1965-1975 time period. They constitute the long-
range planning goals of the command and serve as nuclei around
which decisions can be made to initiate and invest in weapon systems
at future dates as specified in the planning objectives.

Another major purpose of the planning objectives is to identify
and emphasize those critical téchnical problems to which specific effort
must be directed in order to attain the desired capabilities. They
provide guidance to programs devoted to the generation of new
technology and ensure alignment of these programs with future opera-
tional needs. A further important function of planning objectives is
to provide an early opportunity for identification of long-range re-
source requirements and thus direct planning attention to major
unique or unusual requirements for resources. Both quantitative and
qualitative requirements for personnel can be planned by using po’s
as the basis for workload forecasting.

Indicators of future changes in required systems capabilities are
to be found in the trends of our own and foreign technology. This
brings us to one of the most difficult aspects of planning military
research and development: the identification, plotting, and forecasting
of pacing technical parameters upon which future systems capabilities
are predicated. Several methods of technological forecasting have
been developed by the planning activity at Aeronautical Systems Divi-
sion, and they are currently in use within various elements of AFcs.
The most common technique is the extrapolation of existing rates of
progress as long as a technological area is in its growth phase. Other
forecasting techniques include derivation from primary trends or from
precursive events and the dynamic simulation of the process of tech-
nological improvement.

It becomes apparent that a complete systems framework can be
projected across the entire planning period by combining the plan-
ning objectives with those systems already in inventory and those
known to be under development currently. This total framework,
called the technological force structure (TFs), serves as a valuable
integrating tool in research and development planning for the Air
Force Systems Command. The TFs is kept current by maintaining
information on a wall plotting board concerning forecast estimates of
the number of each kind of weapon system, the expected dates for
initial operating capabilities and phase-outs of systems, changes in
planning objectives, and forecast feasibility dates for major items of
advanced technology. Technical programs of the Army, the Navy, the
National Aeronautics and Space Administration, and other scientific
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Technological Force Structure

‘The technological force structure, a fifteen-year projection of a framework of
systems capabilities, provides a valuable integrating tool for AFSC planners. In-
terrelationships of existing systems, systems being developed, and AFSC planning
objectives are indicated by plotting estimated operational periods against calendar
time and with respect to the primary national military objective supported. Deci-
stons concerning individual systems, planning objectives, or advanced technology
efforts can be facilitated and improved by the over-all perspective afforded.

agencies are also plotted and kept current, insofar as possible, to
ensure adequate support of the programs of other agencies that have
bjectives in common with those of the Air Force. A recent phenom-
enon which necessitates meticulous plotting of the projected systems
ramework is the variation in systems development cycles and expected
perational lifetimes of systems as we actually enter the era of opera-
ional aerospace weapon systems. Expendable systems, such as some of
e unmanned satellites currently envisioned, wreak havoc with our
istoric planning factors based on aeronautical systems.
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Portions of the 1Fs are studied intensively through a series of
technological force structure plans (TFsp). Each TFsp results in cost-
effectiveness comparisons of two or more weapon systems in specified
operational environments to serve as a basis for making recommenda-
tions concerning acquisition of one or more of the systems being evalu-
ated. In a like manner those technical capabilities which are needed
to fight the technological war or science race are “war-gamed” against_
the strategy which governs this portion of our national objectives—

The PERT Network

The program evaluation and review technique (PERT), an automated scheduling
device formalized during development of the Polaris Fleet Ballistic Missile, is being
adapted to chart interrelationships of Air Force programs. Its use is illustrated
by portions of a typical network. Several technical approaches, T-1 through T-6,
are initiated to solve two problem areas of system S-1. At decision points DP-1
and DP-2 selections are made from among the available solutions, and the system
approval is shown as “S-1 app.” The broken arrows indicate activities that are
desirable but not as critical as those marked by solid arrows. When system S-1
becomes available, it can support activities leading to the approval of other sys-
tems (shown as S-2) or initiation of other efforts in advanced technology (shown
as T-7). Scheduling is completed by estimating a date for each identified event.
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In order to keep the command effort in proper focus and on schedule,
a simplified program evaluation and review technique (vERT) network
has been prepared for most of the major elements, and a Super-pErT
has already been set up to interrelate a major portion of the technical
plan, as represented by the TFs.

After the time dimension of the over-all technical plan of Arsc
has been tentatively integrated, complete costs must be estimated for
each of the elements included. The estimate covers research and de-
velopment costs, initial installation and inventory investment, and
the cost of operations over the expected litetime of each system. Both
the total cost and the time-related cost trends are significant. At this
point reality is injected into the planning activities of the command.
Economic projections of the gross national product are taken as points
of departure, and estimates are made of the resources which will be
available for systems acquisition by the Air Force during selected
future time intervals.

Immediately it becomes apparent that the Nation cannot afford
all the systems concepts projected. This is as it should be because of
the many uncertainties in the development of systems, particularly
those that are still in the planning objective stage. Often two or
more systems concepts are postulated to achieve the same results in
the force structure, with full knowledge that there is little likelihood
of more than one system being developed to do the same job. Parallel
approaches are introduced deliberately at the very early stages in order
to increase the over-all likelihood of attainment of an eftective force
structure.

The Evaluation of Planning

Once the technological force structure with its associated costs
and schedules has been established, we are ready to undertake the
problem of evaluating it in its entirety. A rather detailed procedure
formulated for this purpose will be described, although it has not
been fully implemented because it must await completion of the pERT
networks. Again we begin the problem with consideration of national
military objectives. The first sets of judgments involve an assessment
of the relative value that each of the national military objectives
would have if they were to be completely attained. A major impedi-
ment encountered at this point is that no single individual is expected
to possess the competence to make the required judgment at this
level. The reluctance of authorities to document their personal judg-
ments is quite understandable in view of the fact that these judgments
should be made ultimately by the American people as a whole.

However, the absence of an expressed judgment is, in itself, a
tacit judgment that all national objectives are of equal importance.
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Such a judgment is intuitively unsatisfactory to most participants in
the evaluation process. Therefore it is usually desirable to make a
set of tentative judgments even at this very high level. In the face
of such doubts, individual judgment can often be strengthened by
group participation or collective judgments of carefully selected groups.
Sometimes a collective judgment is preferred anyway because experts
from different fields can make unique contributions to a common prob-
lem. Also key executives from several echelons can sit together to
compare their judgments based on information available to them only
at their own levels. This participation has been found quite useful
in the entire evaluation process.

Next the over-all effectiveness of the entire technological force
structure should be evaluated with respect to each national military
objective for a given time period or evaluation interval in the future.
The intervals are normally the same three or four five-year increments
previously mentioned. The relative eftectiveness of a particular system
can then be evaluated in its proper context by judging the per cent
of degradation in over-all effectiveness of the technological force struc-
ture as the particular system under consideration is removed com-
pletely from the force structure. The total effectiveness of a system is
found by summing its relative eftectiveness values with respect to
each objective for a given time period. This is the only feasible ap-
proach found to date to permit the comparative evaluation of the
effectiveness of different kinds of systems, e.g., comparison of an
oftensive system against a defensive system or a logistic system. The
technological feasibility of each system is then estimated as a function
of time in terms of the probability that the system could be in an
operational status any time during the interval under consideration.

The desirability of each system can now be estimated as a direct
function of its effectiveness and feasibility and as an inverse function
of its cost. This estimate is somewhat different from the normal cost-
effectiveness analysis because of the introduction of feasibility, which
makes the present analysis more comprehensive and more universally
applicable than cost effectiveness alone. All the systems in the TFs can
now be ranked in accordance with their desirability. But the problem
is not yet complete. Beginning with the first time interval, the de-
sirability of each system should be considered in conjunction with the
system cost during this interval and the total budgetary limitations in
order to estimate the likelihood of funding that particular system
during that period. Proceeding in a similar manner to each subsequent
interval permits the estimation of the over-all likelihood that a
particular system will become available to the Nation at any time
during the foreseeable future.

This type of estimate can be quite valuable to the command as
guidance for the application of effort. Everyone likes to bet on winners.
Greater efforts can be justified for those systems having high de-
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sirability and likelihood, and the quality of effort expended inevitably
will be higher. A current technological force structure whose elements
have been completely evaluated and placed in the proper relative posi-
tions can provide a logical matrix for budgetary decisions required as
budget levels fluctuate and as new fiscal years appear on the planning
horizon.

As the time approaches when solutions for all the critical tech-
nical problems of a particular planning objective are in sight, it must
be determined whether a militarily useful system based generally on
the concept of the planning objective could actually be acquired.
At this point a system feasibility study is initiated, usually involving
three or more contractors in addition to an in-house Air Force
team. In these studies gross configurations are designed to meet
designated systems objectives, equipments are specified, and opera-
tional employment schemes are proposed. If a single contractor ap-
proach ofters outstanding merit, it may receive special consideration,
but normally the in-house team synthesizes a system from the best
features of several approaches. The technical feasibility and military
worth of the resulting system are then evaluated and recorded. If
the resulting system appears sufficiently promising or if it could fill
a void for which there are no other contenders, a system package
plan will be prepared immediately and proposed to higher echelons
for approval and funding. Otherwise the system will be the subject of
a special technological force structure plan analysis to establish its
relative cost effectiveness with respect to other systems that could be
available in the same time period to perform similar functions.

The acquisition of weapon systems can be treated just like any
other purchasing problem by maximizing value received per dollar
expended. This criterion is permissible because in most cases the
customer can choose either System A or System B. However, some areas
of research cannot be treated in this manner because of the intimate
interactions between research projects or between technical areas.
That is to say, Project A may be of no value by itself, but some por-
tion of Project A may have value in conjunction with some portion of
Project B. This is particularly true in the case of large technical
areas such as propulsion, guidance, or flight control. Any specific
weapon system normally requires advances in all or several technical
areas simultaneously. Furthermore each technical area has such a wide
breadth of effect on Air Force systems that it could be catastrophic
to terminate or substantially reduce the rate of progress or eftort in
any of the major areas of technology.

Since, as has been shown, the projects of research and advanced
technology normally cannot be selected by solution of the classical
purchasing problem, a method of resources allocation has been devel-
oped to permit distribution of available resources in accordance with
a proportional allocation decision model. The proportion of resources
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Proportional Allocation

The acquisition of weapon systems is usually approached by ranking the various al-
ternatives in the order of their cost effectiveness. Priorities may then be as-
signed and systems procured by beginning acquisitions at the top of the priority
list and proceeding down until budgetary limitations are reached. However, broad
areas of research cannot be managed in this manner. Propulsion advances, for ex-
ample, are not alternative to those in electronics or human engineering. All tech-
nological areas are essential, and each must receive its share of resources. Sound
development demands proportional allocation of manpower, money, and materials.

going to any technical area depends on the operational value of ad-
vancements in that area, the probability of achieving planned advance-
ments in the area, the cost of making these advancements, and the
share of the total national program in this particular technical area
which must be borne by the Air Force.

The value of a specific advancement in a technical area can be
assessed only by an evaluation of its contributions to the technological
torce structure, particularly to the planning objectives. Adjective
scales have been formulated to assist in the evaluation of each tech-
nical area of interest to AFsc with respect to each of the mentioned
evaluation factors. In each case this evaluation is based on forecast
trends of the technical parameters that are pacing progress in the
area under consideration. A numerical index is calculated for each
area by multiplying individual ratings for the technical area with
respect to the several adjective scales provided. The total resources
available are then allocated to the various areas in accordance with
this numerical index. This planning tool has been used by one aFsc
division to plan its resources utilization for the past three years on a
full-scale test basis. The decision model currently in use, or a modifi-
cation of that model, may be ready for use throughout the command
in the near future. This model does not indicate the total quantity
of resources required to accomplish the mission of a given organiza-
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tional element, but it does indicate the most expeditious use of the
resources that are available to any element.

PLaNNING of research and development within the Defense establish-
ment is quite important and also inevitable. Accordingly, an explicit,
rational approach to this planning task has been described. Specific
planning tools and decision models already in use within the Air Force
Systems Command have been described, and the course of their future
development has been indicated. The decision models described have
been offered as an aid to the judgment of the executives within the
Defense establishment who must come to grips with some extremely
complex decisions. These techniques are suggested not as replacements
for executive judgment but rather as a formal method for handling
large numbers of judgments in a uniform manner. Their primary
contributions would be comprehensiveness and consistency. The tech-
nological force structure and the Super-pERT provide a comprehensive
overview of Arsc planning activities and permit integration of the

Decision Aids for Planners

Good military R&D planning accepts no substitute for the seasoned judgments of
men with long, significant experience in research and development, in management,
and in military operations. Securing the greatest possible benefit from such experi-
ence is an overriding lask. Expert, efficient judgment can be focused and deci-
sions can be strengthened by computer assistance in precise definition of problems,
in prowiding check lists for uniformn consideration of all relevant variables, and
in storing judgments so as Lo avoid the drudgery of remaking the same decisions.
The competent executive or military commander need not fear the automation of
decision processes any more than engineers fear the slide rule. Rather, he should
welcome any labor-saving technique that frees him from some of his enslavement to
minutiae and enables him to devote a greater part of his time to decision.
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strategic and technological dimensions of the research and develop-
ment planning problem.

Such management tools facilitate decentralization of operative
management to lower echelons within the divisions and centers of the
Air Force Systems Command. The explicit nature of the planning tools
permits flexibility and dynamic planning as unexpected contingencies
arise. Theoretical contingencies can be postulated and examined with
these tools to establish research and development policies. Possible
future applications of such planning tools might include the establish-
ment of criteria for measuring the effectiveness of technical area
managers. They may also provide a basis for orderly organizational
planning to attain the environment required to foster creativity and
maximum research and development productivity.

Renewed emphasis is being placed on research and development
planning throughout all echelons of the Department of Defense. For
example, the national defense budget is presented to Congress with
funding estimates extending almost a decade into the future. Weapon
systems are now planned and initiated as complete system package pro-
grams, including cradle-to-grave cost estimates, plans for logistic
support, personnel and facility requirements, and even a preliminary
operational employment concept. The planning within AFcs reflects
this new longer-range point of view. The resulting planning products
are designed to produce new harmony and unity of purpose among the
subordinate elements of the command. The primary impact on higher
echelons takes the form of increased credibility and acceptance of
proposals, which result from the demonstration that all salient aspects
of each proposal have been adequately considered. The beneficial
effects for both the implementers and the higher management surely
will increase as further experience is gained and as planning methods
are improved. More thorough planning in the context of technological
warfare will develop a new and more adequate perspective of the true
impact of military research and development in today’s highly com-
plex community of nations. Equally important is an appreciation of
the significant extent to which military strategy is influenced by plan-
ning technology.

We dare not expend less than a maximum effort in military re-
search and development planning. This effort must be sharply focused.
Now is not the time to play games with other agencies or with other
management echelons merely for the sport of getting approval of more
projects than the competition or for the sheer pleasure of seeing
decisions reversed. The Air Force Systems Command is the operational
command in the current technological warfare, since it is the tech-
nological leader of the Air Force. The Air Force leads the Nation, and
the Nation leads the Free World. Therefore the burden of techno-
logical strategy for the defense of the entire Free World rests squarely
on this command.

Headquarters Air Force Systems Command



BASIC RESEARCH
IN THE AIR FORCE

BRrIGADIER GENERAL BENJAMIN G. HoLzMAN

N 1960, in an essay defending the biological research program

of the Air Force, I wrote that the ballistic missile is a stupid

beast. It only goes where you tell it to go. If you do not know
where to send it, it is virtually a worthless piece of hardware. Once
launched on its trajectory, it is irrevocably committed. It cannot
exercise judgment or make critical decisions, and in the event of
instrumental errors or simple malfunctions it cannot make essential
adjustments. Judgment, decision-making, and wisdom are capabilities
that can be found only in a human operator.*

Since the publication of that essay, our data-processing machin-
ery has grown increasingly intelligent. Components have become
microscopically small, memories larger and more efficient, and switch-
ing speeds greater. This progress is recorded in hundreds of research
papers that mark the advance of computer technology. In spite of the
progress, the manned-bomber offensive delivery system is still the more
economical, reliable, flexible, and efficient, and it will remain in our
inventory of weapons well into the future.

We were sharply reminded of the unique role of the human
operator when the automatic orientation system of Colonel Glenn’s
Mercury capsule operated erratically. The mission itself would have
failed had not the human operator been there to control the capsule
attitude. Until we are able to build into our missiles the machinery
that can replicate with reasonable fidelity the great reliability and
eficiency of the human brain, we must continue to depend heavily
on the versatile mechanism of man’s neural system.

Defending the role of manned weapon systems, which many
among us (mentally at least) have already consigned to the Smith-
sonian, may seem remote from a discussion of fundamental knowledge.
Actually it has a great deal to do with fundamental knowledge and
with the Air Force research program. Those working close to the
frontier of knowledge not only appreciate the promise of research
but also realize its limitations.

*From Science, 132 (23 September 1960), 793-94. The same line of reasoning, I might

note, was amplified in penetrating detail by Major General James Ferguson in Air University
Quarterly Review, XII, 3 & 4 (Winter-Spring 1960-61,, 251.
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It is impossible to build a successful weapon system without a
rigorous understanding of the basic physical principles upon which it
operates. The scientist understands the broad barrier that often
separates our present state of the art from our ultimate goal. Our
research goal with respect to the manned bomber is, of course, to
make 1t truly obsolete. We think we know the pathway to this goal—
or at least we think we possess the knowledge that will help us select
the pathway. This knowledge leads to an appreciation of the con-
straints that are real, the constraints that are imaginary, and the con-
straints that we hope are temporary. A knowledge of constraints is
a prerequisite to effective research. Probably there will never be a
computer to approach the sophistication of man’'s brain with its 100
billion or more components. Even simple animals with their primitive
nervous systems can perform tasks far beyond the capabilities of the
most advanced electronic gadgetry.

If we wish to eliminate man from our weapon systems and future
space vehicles, we do not re-examine existing machinery to see what
improvements we can make. The system that will be able to make
rational judgments in flight, self-correct programing errors, and make
decisions based on sensory inputs will not be a system evolving in a
direct line of descent from present hardware. The system that fully
replaces the manned bomber will incorporate techniques as yet un-
developed. The space vehicle that will routinely take us to the
planets with a high order of probability of a successful return will
in all likelihood result from research that has yet to be performed.

If asked the nature of this research, we cannot give an easy
answer. I would guess that the research will have little relationship
to the Air Force need for a completely effective ballistic missile. Let
me describe a hypothetical scientist and a hypothetical research
project. We will locate this man at one of our large universities. He
is conducting the research project under a small Air Force contract
of $12,000. This, I should add, is not an unusually small contract
because basic research contracts are characteristically small, often in-
volving a single investigator. Half the contract money will be spent
on computer analysis.

This scientist is looking for a signal, a very weak signal buried
deep in electronic background noise. Many hours of expensive
computer time must be used because the weakness of the signal re-
quires a lengthy correlation process. Ultimately the computer tells
him that there is in fact a signal buried in the noise. He writes a
technical paper on his work, and it is accepted for presentation at a
scientific conference attended by leading scientists in his field.

What has been the important subject of this year-long study?
What has the hypothetical scientist discovered? The subject under
study was a sea worm, and he has discovered a brain wave in this sea
worm.

For this bit of knowledge the Air Force has spent $12.000. Now



Research does not necessarily mean massive projects involving multitudes of men
and ini lly devices. Often important discoveries result from the ef-
forts of the indiwidual scientist—the solitary researcher alone with his thought,
his books, and the blackboards scrawled with the runic tracings of his lrade.

if the signal in which our scientist was so engrossed had been cne
that originated in outer space and represented a message from some
distant point in the universe, everyone would agree that the effort
and the expense devoted to the project were worthwhile. But would
it really be more worthwhile in terms of ultimate benefit to the Air
Force? 1 don’t think so. Neural systems—even those of sea worms—
are the most efthcient data-processing systems we know of. Any knowl-
edge that helps us to understand neural networks places us nearer the
time when we may be able to replicate them. An understanding of
the simple system of the sea worm is a logical first step to the under-
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standing of more complex systems. The computing systems of our
future manned space vehicles or our ballistic missiles might well trace
their origin to this one small project.

Ten years ago the staff officer at the Pentagon level reading of
the brain wave discovery would have reached for the phone, called
the laboratory director, and demanded to know why an irresponsible
contract so foreign to Air Force needs was let. Today we at the labo-
ratory level find that those at higher headquarters who review and
pass on our program are increasingly well informed and enlightened
as to the nature and purpose of fundamental research. In a sense this
enlightenment represents a general reflection of the profound changes
that have come about in our national attitude. Although we do not
always profess to understand where our research eftorts will lead us,
we do recognize that research is the wellspring of future Air Force
technology.

research—basic and applied

There have been many definitions of basic research—almost as
many as there are people who have discussed the subject. In the main
most scientists are agreed that basic research is concerned with the
discovery of previously unobserved phenomena, with finding new in-
sights into the subtle relationships of apparently unrelated events,
with revising established beliefs, with constructing logical and con-
sistent models of natural phenomena—in a word, with the ordering
of the universe. Fundamentally, basic research tries to find answers
to questions. In seeking these answers it often creates more questions
than it answers. But at least we know that there is a question to be
answered. The scientist engaged in basic research is not necessarily
concerned with putting the new knowledge he seeks to practical
application. He contributes to man'’s reservoir of knowledge. It is to
this reservoir that those engaged in applied research and development
must go for their raw material.

If we define fundamental research rigidly, we find that very few
of our industrial concerns support research of this kind. They may
claim to, under one or another of the many definitions for basic re-
search, but in reality they do not. They are largely concerned with
applied research. Most informed people are aware that industry tends
to lump together all its applied-research, development, and product-
improvement efforts and call these efforts basic research. But I suspect
that these same people would be astonished to know that, under a
strict Air Force definition, most of the research conducted within our
universities can be labeled as applied rather than basic. The Air
Force annually spends several hundred million dollars for research
in universities, and the primary source of the funds is—surprisingly
enough—the Air Force applied and systems research programs, not
the basic research allotment.
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In discussing fundamental and applied research in this fashion,
1 have deliberately distorted the dilterence. First, I may have implied
that fundamental research is more important than applied research.
This would be equivalent to saying that eggs are more important than
chickens. Next I have implied that there is a sharp demarcation
between fundamental and applied research. What we are really talk-
ing about is a spectrum. Just where fundamental research ends and

The 3-mev Van de Graaf electrostatic generator at a special Air Force facility
for research on radiation damage to electronic materials and devices. In addition
to the Van de Graaf for generating high voltages, the laboratory facility has a
cobalt-60 radiation source of 10,000 curies. Research is also directed to im-
proving the electronic characteristics of materials through radiation bombardment.
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applied research begins on this spectrum cannot be rationally deter-
mined. But intrinsically it makes no difference to the Air Force, except
for bookkeeping purposes, as long as the research is of some practical
Air Force interest, however tenuous.

So it is impossible to say exactly how much money the Nation
or the Air Force is spending on basic research. We do know that the
expenditure is rising. The budget figure given for the Air Force basic
research contract program has risen over the past seven or eight years
from a few million dollars to about $50 million at the present time.
Many arbitrary classifications of individual research eftorts were made
in order to arrive at a discrete group of projects which the Air Force
calls its basic research program. Even if we accept the classifications
as completely valid, the Air Force expenditure for basic research is
actually much higher because it does not include Air Force support
of in-house laboratories and not-for-profit groups. One buried research
expenditure is an outgrowth of Air Force multimillion-dollar devel-
opment and systems contracts with industry. Part of the money re-
ceived by the company under a development contract goes to support
its own basic research, which it carries as a normal overhead item.

research management

As the Air Force has increasingly recognized the requisite role
of fundamental research and has devoted an increasing proportion
of its budget to research, the patterns of management have contin-
uously changed, and they will doubtless change in the future. This is
to be expected. Management policies and practices and the organiza-
tional structure that were adequate for administering a program of
a few million dollars are quite inadequate for present expenditures.

A marked trend in the Air Force management of its basic research
program has been toward decentralization. More and more reliance
has been placed on the judgments of those closest to the research
program itself. In research, as in no other activity, technical decisions
must be made at working level, and the Air Force has adopted this
as a principle of research management. The very growth of the Air
Force research program has played a part in forcing this decentrali-
zation, just as the growth of large corporations has forced decentrali-
zation of product divisions. No single headquarters office could
manage the day-to-day activities of the large, diverse, and far-flung
research activities of the Air Force.

Let us consider the Air Force structure that has been established
to manage these activities. In 1961 a major reorganization occurred in
the research and development activities of the Air Force. The Air
Research and Development Command, which for more than ten
years had managed the Air Force rap effort, passed from existence.
The Air Force Systems Command was created in its stead. An im-
portant but small segment was carved out of the old Air Research
and Development Command and became the Ofhce of Aerospace
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Research. This office assumed Air Force responsibility for that re-
search toward the basic end of the research spectrum.

. The Office of Aerospace Research, located in Washington, D.C,,
inherited the largest in-house laboratory group of the Air Force, the
Air Force Cambridge Research Laboratories (AFCRL); also a smaller
in-house group at Wright-Patterson ArB, the Aeronautical Research
Laboratories; the Air Force Office of Scientific Research, primarily a
contract group engaged In supporting basic research; and another
small group in Brussels, the European Office, responsible for man-
aging the sizable Air Force contract effort with European industry
and universities.

There is still another channel through which the Air Force sup-
ports basic research. This is through the not-for-profit institution.
The Lincoln Laboratory, the miTRE Corporation, the rRanp Corpo-
ration, and the Aerospace Corporation all conduct Air Force-funded
research. The Lincoln Laboratory and the rRanp Corporation have
been with us for some time, but MITRE and Aerospace are relatively
new.

The Air Force technique of establishing nonprofit contractors
to conduct research has recently aroused a good deal of discussion.
Since the Air Force already maintains a large contract research pro-
gram and conducts research within its own laboratories, why was it
necessary to set up these nonprofit organizations? Why not expand
the Air Force in-house laboratories? The Air Force would like to
expand its laboratories. For my part, I should like to see the Air
Force Cambridge Research Laboratories doubled or tripled in size.
Practical and realistic considerations—manpower, budget, and re-
sources in general—preclude it. These are the rocks upon which so
many hopefully launched recommendations by scores of Air Force
study committees have foundered.

It would be well, I think, to note certain things implicit in the
Air Force research mission because this mission has made the Air
Force not-for-profit contractor a practical necessity. The Air Force
research mission is to conduct research in all fields of science of po-
tential interest to the Air Force, not just in those fields where capa-
bility exists. The domain within which the search for new knowledge
takes place is not one restricted to U.S. scientists. For this reason the
Air Force research mission has both a positive and a negative side.
We must be the first to uncover and to exploit new knowledge in
order to maintain Air Force superiority. The negative corollary is
that we cannot permit any adversary to accrue some new knowledge
that we may not have—and worse, that we may not be aware of. We
must therefore be thorough, we must investigate all fields, we must
continuously probe or guard each subsector of the frontier of knowl-
edge. We cannot leave vulnerable gaps where no work is done.

The frontier is explosively expanding. It is also a frontier with
a diversity of features. The fragmentation of scientific disciplines and



The artificial production of sin-
gle crystals for use in electronic
devices comprises one of the larg-
est Air Force efforts in electronics.
Induction furnaces form the sin-
gle silicon or germanium crystals.

the violent acceleration of the volume of scientific literature are
almost frightening phenomena. They have combined to force us each
year to enter new fields. Once we have entered the field, we must then
have within the Air Force the capability to sift through the research
product and to relate this product to Air Force needs. All this has a
direct bearing on the establishment of the not-for-profit institutions.
Each of them has a different mission. Some perform pure research;
some attempt to correlate the scientific data and to interpret and
exploit these data for the Air Force.

It 1s true that much of this role could be filled by the Air Force
laboratory, and it is being filled to a limited extent wherever these
laboratories have the capability. But in the fierce competition for
qualified scientific manpower, the Air Force laboratory is at a grave
disadvantage. There are many factors that influence the expansion
of an in-house laboratory. Manpower spaces are one of the more in-
fluential of these factors. Recruitment is another. Even if the recruit-
ment of qualified scientific talent were not a problem, we in research
recognize that the operational commands can ill afford to transfer
several thousand manpower spaces to the research commands.

We find that we cannot get around the not-for-profit institutions
by simply expanding our contract program. There is a limit to ex-
pansion in this direction. There must be someone within the Air
Force—or responsible to the Air Force—who is qualified technically
to evaluate the contractor proposal and who can tell the contractor,
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A Verneuil furnace grows aluminum ox-
ide crystals—ruby, sapphire, and rutile.

The man-made crystals are careful-
ly evaluated under a microscope.

in effect, “'Your research proposal could be of great interest to the
Air Force were it not for the fact that your approach violates certain
fundamental laws of physics.” If on the other hand the proposal is
good, then there must be someone within the Air Force who has the
insight to recognize its merit and know whether or not the work
relates to Air Force problems.

The supply of people within the Air Force qualified to make
such judgments is limited. In relying on contracts too heavily, we
also lose cohesion. The parts of the program are scattered and un-
related. The not-for-profit organization, then, represents the only
means at the disposal of the Air Force for filling its expanding tech-
nical mission. Through th organizations we are able to augment
Air Force scientific manpower without raiding the operational com-
mands. These not-for-profit organizations are sensitively responsible
to the Air Force; they apply themselves to the evaluation of the
product of research and assemble relevant parts into a meaningful
pattern in terms of Air Force needs.

research and Air Force needs

What are the needs of the Air Force? They can be described
simply. We would like more efficient propulsion systems, we want to
communicate over all distances with improved reliability and security,
we want to be able to build more intelligence into our computers, we
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want to detect and destroy all hostile vehicles, and we want to know
and understand all aspects of the environment within which the Air
Force now operates and will operate in the future.

Keen insight—insight growing out of scientific knowledge—is re-
quired to gauge the potential of a research effort from the standpoint
of these needs. As we move toward the basic research end of the
research spectrum, the potential in relation to Air Force needs be-
comes increasingly blurred. Also the probability of payoff decreases.
In backing basic research we are backing the long shot. If there is a
payoft, however, it may be one of magnitude.

By way of example of research in its purest form, I would like
to describe one research eftort which the Air Force supports at
AFCRL. This effort is carried out by one man, Dr. Johannes Plendl,
who may be found among the many top civilian scientists serving in
Air Force laboratories. Dr. Plendl is a theoretician. He needs no
equipment except a note pad, a desk, some reference books, and a
blackboard. For three years he has investigated atomic lattice vibra-
tions. Naturally he would like to make a discovery that would lead to
an improvement in Air Force capability, but this is not his primary
motivation. His basic objective is to uncover some new aspect of the
cohesive forces that hold matter together in the solid state.

Over the past year or so Dr. Plendl has published the results of

A tetrahedral anvil press used in growing
diamonds. The diamond, potentially an ex-
cellent semiconductor, functions at temper-
atures far exceeding the operational tem-
peratures of silicon and germanium. The Air
Force, among the first research organiza-
tions to grow diamonds in this way, subjects
many materials to ultra high pressure and
temperature, hoping to discover materials
that have favorable electronic characteristics.




Air Force scientists examine radioactive
material that has passed through an ultra-
purification process. Before a crystal of
semiconductor material can be grown, the
basic solution must be highly purified. A
neutron activation process measures the
level of impurity of the source material.

his research in a series of three papers appearmg in the Physical Re-
view. Already references to his work are given in papers published
by others. Dr. Plendl has discovered a previously unknown relation-
ship among the lattice vibrations of certain crystalline materials and
has formulated a set of laws governing these lattice vibrations. A more
comprehensive understanding of hardness of materials has evolved
from this research, and doubtless future textbooks on crystallography
will devote considerable space to Dr. Plendl’s work.

Important as Dr. Plendl’s work may be from a scientific stand-
point, it is not a breakthrough in the accepted sense. It does not
directly promise the Air Force a new and unique capability. The re-
sults were not even reported to higher headquarters as a research
accomplishment. This research may represent only a curious obser-
vation without immediate prospect for practical application. On the
other hand Dr. Plend!l’s discovery could lead in many bright direc-
tions. With an expansive imagination we can see implications to all
major areas of Air Force electronics—to communications, to detection,
and to data processing. For space applications, we can see the work
leading to smaller and smaller electronics packages, to greater reli-
ability, and to new materials that resist high temperatures and ionizing
radiation. When we describe the work realistically, however, all we
can say is that the research results will help the crystal physicist to
better understand crystal structures. The journey from there to a
piece of operational hardware is a far, far distance. Dr. Plendl’s
theorems are simply available to other scientists, one of whom may
find in them a key to some magnificent prize for the Air Force. The
point is that such work must be performed and the results placed at
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the disposal of the applied research scientist, or certainly there can
be no prize.

Let us build on this example. The research relates to one of the
largest research areas of the Air Force, electronic materials research.
Our electronics equipments of the future will evolve not from in-
creased sophistication in present components but from radically new
items made possible by the discovery of basically new electronic ma-
terials. What is imposed on us is a painstaking atom-by-atom investi-
gation directed toward the combination of atoms in new forms and
the equally painstaking testing of these new substances to determine
whether or not they possess useful or promising characteristics. Much
current effort is focused on crystals.

Crystals of present interest to the Air Force are rubies, sapphires,
garnets, rutiles, fluorides, tungstites, and other solid crystals. We now
have in one of our laboratories a high-pressure, high-temperature
press that will produce diamonds, potentially an excellent semi-
conductor. The Air Force is using this press primarily, however, not
for producing diamonds but for subjecting a variety of materials to
extreme high pressure, hoping to develop some new material not
found in nature that may have unique electrical properties.

We do not know what this research will uncover. But in 1953,
when we began an intensive research program in silicon purification
and silicon single-crystals growth, no one would have predicted that
this work would give birth to a major sector of the electronics
industry, that sector concerned with silicon semiconductors. Is there a
crystal now under investigation that may, through impetus given by
the Air Force, follow a development pattern similar to that of silicon?

I would suggest silicon carbide as a candidate. Silicon carbide
semiconductors can operate at white-heat temperatures and can with-
stand high radiation dosages. In 1962 an ingenious furnace designed
by AFCRL went into operation for growing silicon carbide crystals of
large size and high purity level. If silicon carbide lives up to its
promise, we anticipate that in 10 to 20 years silicon carbide transistors
will have become an essential part of our space technology.

The Air Force materials research program is not unique. All the
crystals I have discussed are being investigated under a diversity of
research approaches in industrial, university, and military laboratories
all over the country. A great deal of this materials research—in some
cases as much as half—is being supported by the Air Force. This
support arises out of the desire to channel the research along lines
of Air Force interest.

The question might be raised as to what distinguishes Air Force
interests from the interests of others. The answer is found in the
kinds of technology desired. The demand of the military for new
technologies has far outstripped the relatively modest demands of the
civilian market. Germanium transistors are adequate for civilian
products. There was no need from the standpoint of the consumer
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‘market to investigate silicon simply because silicon promised better
heat-resistant properties. Certainly from the standpoint of a consumer
product there is no need to investigate silicon carbide, which can
operate at 750°C and also resists radiation damage.

research and space

As we review the many Air Force research efforts in the many
scientific disciplines, a curious pattern becomes apparent. We see that
the product of this research, as in the case of silicon carbide, leads
rather directly to some space application.

How did this pattern come about? Did some higher headquarters
direct that the Air Force research laboratories support heavily those
projects relating to future space operations? The pattern evolved
from a combination of factors, one of which is a natural outgrowth
of scientific progress. But it evolved also from a partly reasoned, partly
intuitive judgment that space must be the future environment of the
Air Force. The Air Force is not interested in space per se. It is inter-
ested in carrying out its surveillance, warning, and defensive mission
more eftectively.

To an increasing extent the Air Force relies on the scientist to
tell it what is feasible, what is not feasible, and what appears to be
just over the horizon. This advice provides the basis for future stra-
tegic and defensive concepts. Difficult decisions based on this advice,
which invariably is couched in restraining qualifications, must be
made by the Air Force. Should we wait, for example, until a new,
highly acute sensitivity detector is fully developed, until a highly
efficient solar energy conversion technique is practical, and until
precise measurements of atmospheric and communications parameters
are made before we begin to consider assembly of a new satellite
surveillance system? Obviously not.

If we sit back and wait until the success of the surveillance system
is absolutely certain, unnecessary years of delay will ensue before the
operational vehicle is launched. We must emphasize today certain
research efforts related to the system, and we must gain a base of
experience for those space operations that might involve the vehicle.
While space holds high promise of enhanced capability, this enhanced
capability is still only a promise. Scores of technologies must emerge
into feasibility before the promise is realized. One of these might well
be the radiation-resistant silicon carbide semiconductor, which in
extending the useful life of the electronics equipment in a space
vehicle could spell the difference in economic feasibility.

The accelerated pace of scientific research and the new and un-
known directions in which this research is taking us have forced the
Air Force, the pop, and the Administration into a re-examination of
the Nation’s over-all research and development effort—and the proper
roles of its many agencies responsible for major phases of the research
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effort. The National Aeronautics and Space Administration has the
primary responsibility for the exploration of space for peaceful
purposes. But this broad mission responsibility is intimately associated
with an identical Air Force mission to maintain the peace. If the Air
Force is to evolve effective military systems, it must seek an under-
standing through research of all the unknown parameters of space.
To allot research in space for either peaceful or military purposes
would be much like assigning the responsibility to exploit Newton's
laws ol physcis to one group and not to another.

During the Thirties and Forties a somewhat similar division of
responsibilities in research areas existed in meteorology. The U.S.
Weather Bureau was generally considered as the Government agency
having the primary responsibility for the furtherance of atmospheric
research. Yet the atmosphere is the medium in which the Air Force
lives. Today 14 difterent Government agencies are involved with the
conduct ol meteorological research because of the intimacy of this
science with their mission. A most harmonious relationship has al-
ways existed between the military and the U.S. Weather Bureau in
pursuing research in meteorology, mainly because its Chief, Dr. F. W.
Reichelderfer, who himself had a military background, understood
that it would be impossible to separate the atmosphere for civilian
purposes and military purposes. There is no scientific knowledge of
the atmosphere that would not have equal importance to both civilian
meteorology and military meteorology. Nor is there any scientific
knowledge pertaining to space that may not have pertinence to the
military. We cannot categorize space operations and space research
as pertaining primarily to the mission of one agency or another.

Space operations, from the standpoint of surveillance and warn-
ing, appear to be on the not-too-distant horizon. Already several large
systems are at an advanced planning stage. Destruction is another
matter. Today the prospect of achieving the ability to kill a hostile
ballistic missile in space appears dismal. But I suspect that the solu-

Cosmic rays are detected by means of
photographic emulsion blocks sent into
space by satellite or balloon. When a
cosmic ray (high-energy proton) strikes
an atom in the emulsion block, the atom
is split, generating subatomic particles.
Their tracks expose the film. The objec-
tive of the research 1is to determine
the frequency of occurrence of cosmic
rays and thus the danger they may hold
for man and for his vehicles in space.




Hurricane Carla photographed in September 1961 by AFCRL’s U-2 airplane from
an altitude well above the 50,000-foot height of the hurricane. Three film strips,
each representing a 25-mile segment, compose this view of the storm. A Tiros sat-
ellite simultaneously filmed the storm from a higher altitude, and scientists’ in-
terpretation of ils pictures was assisted by comparison with those of the U-2.

tion of this problem will be found only by researches leading to
operations in space. Too often our thinking on this matter has been
earth-bound, as if seeking a means of destroying a high-flying bomber
from the bottom of the ocean.

Because of the Air Force's long-standing anticipation of future
space operations, we often find within Air Force laboratories the
Nation’s top scientific investigators in fields of research directly related
to Air Force space operations. A number of examples will indicate
the wide scope of these investigations.

Geophysics. The history of Air Force space probes spans the
years from the V-2 rocket flights back in the Forties to today's piggy-
back rides on 1csm’s and satellites. Through instrumented rockets
and satellites Air Force research laboratories are producing a con-
stant stream of valuable geophysical data influencing almost every
phase of our atmospheric and extra-atmospheric operations. In 1961
scientists in one Air Force laboratory alone (AFcrL) conducted ex-
periments in more than 100 satellites and rockets. Instrumentation
for these experiments, often ingeniously designed, covered a range of
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research areas. Of particular importance are the variations in pressure,
temperature, and composition of the atmosphere at all levels. In many
cases the only such information recorded consists of data taken by
Air Force scientists. Atmospheric density at extreme altitudes is of
critical importance to the X-20 Dyna-Soar program. If estimated
density at the critical re-entry altitude is in error by as much as 10 or
15 per cent, the Dyna-Soar vehicle could miss its scheduled landing
area. Other rocket and satellite instrumentation packages were de-
signed to collect data on such diverse matters as micrometeorites, ex-
treme ultraviolet solar radiation, auroral characteristics, and geomag-
netism. Data from non-Air Force research vehicles are often made
available to Air Force scientists for analysis. Films taken from the Tiros
satellites are a prime example. The value of this weather satellite to
the military meteorology program cannot be overstated.

Radio Astronomy. The Air Force has long considered radio
astronomy to be intimately a part of its research function. Using its
own large radio telescopes and through contracts with leading radio
observatories, the Air Force has mapped the radio stars, has examined
hydrogen gas densities in space, and has plotted sources of galactic
noise. This information has become a part of the literature on space
and represents the general background of information upon which
future space planning will be based.

Radio telescopes are an intrinsic part of space hardware. Since
electromagnetic theory dictates that increased resolution or sensitivity
of an antenna can be achieved only by corresponding increase in the
size of the antenna, antennas designed for focusing the weak signals
from space have grown increasingly large. The largest of these anten-
nas is the 1000-foot radio telescope completed at Arecibo, Puerto
Rico, in the latter part of 1962. The Advanced Research Projects
Agency (ArpA), AFCRL, and Cornell University have joined together
to bring this incomparable research instrument into being. With this
huge, sensitive instrument we will be able to look farther into space
than man has ever been able to look before. We have created a new
world center for radio astronomy.

We should keep in mind the essential contributions made by the
respective agencies involved in this eftort, for the joint effort it rep-
resents is more and more characteristic of the diversity of skills
needed in our large research endeavors. Certainly to Cornell Univer-
sity must go the credit for conceiving the large dish at Arecibo and
for the basic design of the telescope itself. The installation is on Air
Force property, in a natural bowl formed by several mountain peaks.

The particular configuration of the Arecibo radio telescope was
made possible as the result of research conducted within the Air Force
in 1952. This research consisted of a theoretical study on the cor-
rection of aberrations in spherical reflectors. The Air Force technical
report on this matter gathered dust in the archives of our technical
libraries until the special need, represented by the Arecibo dish, was
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fcreated. Future space operations will rely heavily on the Arecibo
telescope.

’ But the Air Force research scientist is already considering larger
antennas. AFCRL has proposed an unconventional antenna configu-
ration which will have an effective aperture of over 2000 feet yet can
be built with relative economy. This antenna, as proposed, would be
six or seven times as sensitive as the Arecibo telescope. With this
antenna the range of communications with space vehicles will be
more than twice the range possible with the highly sensitive Arecibo
telescope. A model of this unique antenna is now being constructed
by the Air Force.

Solar Observations. At Sacramento Peak Observatory in New
Mexico the Air Force operates one of the most complete solar observ-
atories in the world. Many studies are being carried out at this
observatory that have a bearing on future space operations. One such
study of immediate and critical importance involves protons emitted
from the sun. Fast solar protons may be the biggest hazard the space
traveler will have to face. Unlike the Van Allen radiation, the position
of which is known and presumably can be avoided, solar proton
radiation is intermittent and cannot be easily predicted over long
periods. To the unprotected man solar protons can be exceedingly
dangerous, and they can damage some types of sensitive instruments.
The least expensive defense against damage is simply to avoid solar
proton showers by limiting operations to safe time intervals when
they do not occur. AFCRL scientists at Sacramento Peak Observatory
are studying methods for predicting the safe periods. The observatory
has been making 5-day predictions with great accuracy and is now
focusing attention on extending the forecast period. NAsA relied on
its predictions in scheduling the first manned Mercury orbital vehicle.

Plasma Sheath Research. For a number of years a team of Air
Force scientists, supported by a number of well-chosen contractors,
has been investigating the properties of the plasma sheath, the 1onized
gas envelope that surrounds a missile or a rocket on re-entry. During
the critical re-entry phase the plasma sheath can completely nullify
telemetry, communications, and radar equipment for a period of
several minutes to a half hour, depending on the nature of the re-
entry vehicle. The Air Force is attempting to overcome communi-
cations blackout during re-entry by a combination of proper frequen-
cy selection and antenna design. Through research tests with
missiles the Air Force hopes to minimize plasma sheath effects. Lack
of a solution to the plasma sheath problem would prove particularly
severe for Dyna-Soar, since the pilot could be isolated from all
communications for a period up to 30 minutes.

To these examples of research programs directly related to space
operations can be added scores of others—research in nuclear, chemi-
cal, and electric propulsion; in life sciences, aeromechanics, geodesy,
infrared radiation, optics, energy conversion, propagation character-



To focus all signals to a common point,
reflecting radar antennas, whether used
for communications or astronomy, are
usually given a parabolic configuration.
In many respects the spherical antenna is
more efficient, but a means must be found
to correct its aberrations. One means is
the Cassegrain technique of adjusting fo-
cus, as in the experimental antenna here.
The signal is first reflected by the pri-
mary reflector to the surface of a sec-
ondary reflector in front, which then
reflects the signal to the pickup point.

Air Force radio telescope in Massachusetts is used for investigating atmospheric
densities, measuring refraction indexes, and communicating by means of moon relay.




Artist’s sketch of the 1000-foot radio telescope at Arecibo,
Puerto Rico, the largest in the world. Completed in the fall of
1962, it was funded by the Advanced Research Projects Agency
and constructed under Air Force management, the prime contrac-
tor being Cornell Unitversity. With the Arecibo radio telescope
man is able to “see” farther into the universe than ever before.

istics of satellite signals passing through the atmosphere, satellite
tracking, and topography and atmospheres of the planets; and in
studies of meteorological factors involved in launch and recovery
operations.

I HAVE TOUCHED on research falling at many different points along
the research spectrum—some at the basic end and some at the limits
of applied research bordering on development. In doing so I hope 1
have also left the impression that research must be considered as
something more than the kind of activity typified in two of the
examples I have used—the search for a brain wave in the sea worm
and Dr. Plendl'’s lattice vibration studies.

While these examples perhaps represent the classic notion of
research, research embodies much more. It exists at many levels in an
intricate and complex web of activities. The physical process of
research consists of observing, measuring, recording, and analyzing
natural phenomena—atomic and subatomic particles, gravity, the
elements, electromagnetic behavior, the earth, atmosphere, the sun
and stars. Man-made components, equipments, and large systems are
subjected to like processes.

Our Air Force has witnessed a geometrically increased dependen-
cy on technology, and this technology is hemmed in by the limits of
our scientific knowledge. The bounds of scientific knowledge set the
restraints to the technical ambitions of th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>