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Science, Liberal Arts,
or Both?

BricapieR GENERAL CeciL E. Comas

career of the officer in the Army or the Navy was fairly

simple. The service academies provided what, at the time,
seemed an adequate grounding in the liberal arts, a degree of
scientific literacy adequate to the operation of the weapons of the
day, and enough experience with the hardware to permit a grad-
uate to function effectively as a junior officer in a tactical unit or
aboard ship.

Upon this basic education, actual service experience built a
high degree of competence for the employment of troops, planes,
and ships in action, and professional service schools provided spe-
cialized instruction in the art of logistics, planning, and the com-
mand and employment of larger units. Only a few officers finally
attended the higher institutions of learning, such as the Army and
Navy War Colleges where for the first time, and somewhat late in
an officer’s career, he was exposed to problems that went outside
the field of military and naval operations.

This pattern, which I admit is oversimplified, has not met the
requirements of the Air Force, even back in its early days. From
the beginning, the problems of flight have required men who, if
not in themselves scientists or engineers, were men with the scien-
tific spirit of inquiry, and with an understanding of scientific
method and an awareness of technical potential. We must remem-
ber that the phenomenal growth in military aviation has not been
a technical advance forced upon unwilling military aviators but
rather has been a response to the demands of these aviators, and,
I might add, a response that has always been behind the require-
ment. Whatever one may say about the conservatism of the mili-
tary mind, there can still be no question that the impetus to the
development of military aviation has in large measure come from
the farsighted recognition of its possibilities by the military avia-
tors themselves—and this during a long period in which they were
considered little better than visionary enthusiasts.

NOT many years ago, the part that education played in the
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If this was true during the years of adolescence of air power,
it is certainly even more important today. For example, the Air
Force today expends annually for research and development a sum
of money which exceeds the average annual appropriation to all
the military services during the thirties. The administration of
research and development programs of this size obviously requires
on the part of the officers engaged a higher level of scientific
competency than was ever heretofore necessary. Even though we
contract with civilian institutions of learning, with research foun-
dations, and with industry to perform most of our basic research,
we cannot let, administer, or evaluate such contracts without a
great deal of knowledge of what we are about, what results we
hope to obtain, and what chances we have of success. True enough,
we have many able and devoted civil servants working for the Air
Force who help in these deliberations; but we must not forget that
the Air Force Chief of Staff bears the ultimate responsibility for
the military decisions that have to be made and that he must
depend upon the decisions of his officers at all levels. This is the
responsibility which today requires that many of these officers be
trained as scientists and engineers.

As weapon systems have grown so much more complicated,
the operational readiness of these systems becomes more and more
dependent upon the technical efhiciency of maintenance. The de-
sired technical competence seems to approach very nearly the
quality of scientific know-how of the engineer who built the equip-
ment. There are those who say that for this reason we should
contract with the industry that builds the equipment to maintain
it. Whenever we do so, we are to a certain degree passing on by
means of a financial contract an essential part of our responsibility
to defend the country. There is certainly a limit to which this
process can be carried without an abrogation of that responsibility.

Education for a military career can no longer be confined to military operations.
Many officers must have a high level of scientific competency to enable the Air
Force to perform the roles and missions with which it is charged. Even the non-
specialized line officer must have sufficient scientific literacy to handle manage-
ment functions that have been complicated by radically new weapon systems. Also
leadership in the Air Force must rest on a broader base than narrow specialization.
Military affairs are now so intertwined with national affairs that military leaders
must meet dual demands: professional competence and real statesmanship. Briga-
dier General Cecil E. Combs, Commandant, Air Force Institute of Technology, sets
the course of Air Force education toward both science and the humanities to prepare
for “the continuing and increasing demands placed upon Air Force leadership.”



SCIENCE, LIBERAL ARTS, OR BOTH? 5

It seems clear to me therefore that, to whatever degree technical
readiness demands, we must possess those technical engineering
skills within our own ranks or we cannot perform the roles and
missions with which the Air Force is charged.

So much for the scientific and engineering aspects. I do not
believe that these remarks will be considered exceptional by other
than those fanatics who might wish to turn over the defense
responsibility entirely to private industry. These remarks do not,
however. entirely dispose of the problems. There is the related
question of the degree of scientific and engineering emphasis that
is needed in an ofhicer’s basic education. Some years ago, for
example, the B.S. degree from West Point and Annapolis was
considered by the engineering profession equivalent to a civil en-
gineering degree from a good engineering school. This has changed
as the service academies have broadened their curricula to include
more needed breadth and coverage of the humanities and as the
engineering schools have loaded more heavily the pure engineering
content of their curricula. The same situation will probably hold
with respect to the graduates of the Air Force Academy.

What is the degree of scientific literacy required of an average
officer? By that I mean not a specialist but one who, like most of
us, has spent most of his time in operational units or in general
rather than special staff duty. Will the Air Force of ten years
hence have a continuing need for the generalist? We know we will
need specialists in great variety, but what about that traditional
Jack-of-all-trades, the line officer?

A clue from industry and from our own experience may indi-
cate the answer: the more complex the problem, and the greater
the specialization, the more demanding has become the problem of
management. Look at the vast increase of staff work that has
resulted from more complicated weapon systems. This is not the
mere operation of some Parkinson’s law—there has been an actual
increase in the problems of planning, coordinating, organizing, and
supervising. These jobs may be assisted by mechanization, but, as
usual, this will merely produce greater accuracy or speed; it will
not lessen the load. To put it another way, we may hope for better
quality from these processes. but we can only foresee a continuing
increase in quantity.

These management functions, once simply considered part of
the tasks of a commander, along with actual combat, have always
been in the traditional fields of the line officer. The requirements
for them have always largely determined what we might call the
military virtues, with emphasis on those qualities which produce
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leadership and integrity and devotion to the task. These require-
ments will always exist, but are they enough? Simple courage and
loyalty, rare nevertheless, might once have sufficed to make a
general officer. These are things, by the way, which educators do
not know too much about. But what are the things that education
might do something about? What will these line officers and com-
manders need to know about things scientific in order to command
and coordinate complicated scientific weapon systems? (I have left
out the task of “employing” these systems on the assumption that
if we are ever forced to that point the next task will be one of re-
building a shattered world, and our current problem will have been
replaced by a greater one.)

Such questions lead into problems which ultimately are ex-
plored by Headquarters USAF in its determination of the educa-
tional requirements of the airman. These are exceedingly difficult
determinations, and in the process a great deal of consultation must
take place. Some of the needs are immediately known to the com-
manders in the field and are obviously current needs. Others are
equally apparent to the various staffs. Some needs are clearly tied
to future requirements where the specific educational preparation
involved is much more difficult to estimate. In addition, as I have
implied, the matter of the general educational requirements for an
officer in today’s Air Force is an open question. Selected individuals
from the professions are more and more called upon to exercise
leadership at high levels where professional specialization is usually
less important than the ability to lead and direct large enterprises.
Thus we are faced with the growing need for more professional
specialization in scientific areas, while at the same time the prob-
lems facing our leadership are such as will require a broader
comprehension of national and international problems than is
compatible with specialized courses of education.

For one thing, it seems possible that a baccalaureate degree,
even in one of the sciences, may not provide a sufficient breadth
of understanding of the various scientific disciplines which coalesce
in a weapon system. For another, there is the alternative danger
that breadth alone may be associated with a very superficial
knowledge that could be more dangerous than ignorance. This
danger lies in the fact that the nature of an officer’s responsibilities
limits somewhat the extent to which he can depend on outside
advice. We do not hesitate to turn our medical problems over to a
doctor, and when we do so we freely put ourselves in his hands
and pass on to him the complete responsibility. At the various
decision-making levels we must at least know our own limitations.
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It is still an open question, therefore, and only a great deal of
open discussion, to include a consideration of the kinds of jobs
that line officers will fill, may help us to an answer.

On the other hand, we can easily foresee requirements which
necessitate a continued or even greater emphasis on the study of
the humanities. In those good old days of which I spoke the Army
and Navy officers of the country had few occasions to be concerned
about the impact of the cost of defense upon national resources.
Not only were the military problems seemingly less urgent but the
implications of those problems to the rest of the nation were very
minor. This also, of course, has changed tremendously. We cannot
open or close the smallest military installation anywhere in the
country without immediate far-reaching political and economic
repercussions. We cannot calculate our requirements without
realizing that their magnitude nowadays is such as to compete
materially with other aims and expectations of a free people. We
can no longer go before Congress and talk of a pure military re-
quirement. Should we do so, we would find ourselves so far out
of the ball park that our budget estimates would be worse than
useless. On the international scene more and more of our officers
are put into positions in which they and their men are in a very
real sense representatives of the Government of the United States
in a foreign land.

With considerations such as these in mind there appears to
be at least one conclusion we can accept without question: that
any educational program designed to meet the needs of the Air
Force must be designed to meet the continuing and increasing
demands placed upon Air Force leadership. There was an old
saying that West Point did not train second lieutenants—it trained
generals. There is an element of truth in this statement which
explains what I am talking about.

The educational program of the Air Force must be, in my
opinion, sufficiently inclusive as to be concerned with what the
Chief of Staff of the Air Force needs to know and what he needs
to be able to do. No career development plan or career educa-
tional program can serve the needs of the Air Force and the nation
unless it produces at least once every four years an officer qualified
to hold down that job—not only that job but the two or three
dozen other top jobs which call for three- or four-star generals.
Few of these positions can be filled by narrow specialists, no mat-
ter how highly trained. Moreover, if these men are to be adequate
and if the Air Force is to be able to count on adequate leadership,
they must be the few best selected from the many potentially
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qualified. The choice of these leaders is obviously based on what
men they are rather than on what they know. But what they are
and what they know add up to what they will be able to do; and
what they will have to be able to do is very clearly to be seen in the
tremendous demands inherent in these jobs as we see them today.

This represents a change from past tradition, or rather an
addition. The art of generalship used to be dependent on the
knowledge of the capabilities and limitations of men and weapons
under the varying conditions of land warfare. Despite the rules or
principles of war, it was finally those heights of accomplishment
and daring and sacrifice to which men could be led, driven, or
inspired that really measured generalship. In aerial warfare it has
been a similar story with an added emphasis on example. Men
followed where they could not have been driven. This will still be
a major criterion of the special knowledge required of our leaders.
The leader must know what the job is, what the plane or other
weapons will do, what the obstacles are to be overcome, and how.
In short, he must have been there.

But aside from this problem, which is ageless, let us look
again at the demands placed upon our leaders. Much argument
has been made in recent years about civil-military relationship.
Our government was deliberately designed to separate major gov-
ernmental functions and powers and to provide that the major
divisions of government should serve as mutual checks and balances.
This system, while somewhat weakened by the experiences of two
world wars, still exists both in form and in fact, and in peacetime
1t creates problems which were never foreseen by the Founding
Fathers for the simple reason that they never contemplated the
existence in peacetime of such large and permanent military forces
as our security demands today. This system puts our military
leadership in the middle between two opposing forces. It makes
demands upon our leaders that seem to require not merely great
professional competence but also a great measure of real states-
manship. Each Chief of Staff must be a great Chief of Staff, and
in a sense this means he must have a great staff.

Recent thought-provoking studies have shown the magnitude
of this problem. One such would see the answer in a complete
withdrawal of the professional military from all save professional
military interest. Another school of thought urges wide recognition
of the fact that there are no purely military aspects of our problem
and that the military must be citizens first and officers second.

How can such a problem be solved? Not by the edict of a
Chief of Staff—or even of a President. but only eventually by the



SCIENCE, LIBERAL ARTS, OR BOTH? 9

concurrence of the views of officers themselves on their duties as
citizens and officers. And upon what can such a concurrence be
gained soundly except upon a liberal and comprehensive under-
standing of historic forces and the realities of power and opinion?
In short our professionalism like all others requires a liberal edu-
cation—one broader than ever before and not to be found in any
undergraduate curriculum. It is a need too great to be so easily
met. It can only be met by a continuing process of education—
self-education.

A great amount of this continuing education is going on,
some of it formally and measurable, a great deal informally and
on the job—a process of learning by living. Much of it, however, is
without direction and lacks purpose and goal.

One of the purposes of this paper has been to indicate that
this goal is not an easy one to discover. The problems indicated
here can only be answered out of the breadth of experience of our
most experienced people, as well as from the soundest intuitions
of those who have pondered most about the future of the Air
Force. It is my hope that such analysis of our experience and spec-
ulation as to our future bring to bear on this problem the wide at-
tention and interest which alone can lead us to a wise solution.

Air Force Institute of Technology



THE DAWN of the space
age—at least for the gen-
A QUARTERLY REVIEW STAFF STUDY eral public—came on 4 October 1957
with the launching of the first earth
satellite. Here was tangible, occasionally even vis-
ible, proof that man could put a vehicle outside
the earth’s atmosphere and use the laws of nature to keep
it there.

To the airman the promise of the space age had perhaps been apparent
some years earlier. But even he, caught up in the events of the present, is apt
to lose sight of the broader patterns that mark more clearly the means by which
man will expand his activities into interplanetary and eventually interstellar
space. Even he, caught up in the almost concurrent development of the big
missile and the application of this missile’s power plant to the purposes of the
earth satellite program, is apt to lose sight of the two parallel strands of vehicle
development—the missiles and the aerodynamic systems. At their present stage
both are married to the rocket engine for propulsion. As long as man must
depend on the rocket’s brief, violent surge of power to spring free of the earth’s
atmosphere or its field of gravity, probably both the missile and the aerodynamic
vehicle will have useful roles.
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But as the next major cycle of propulsion comes into being, perhaps in the
form of packageable atomic power, and as a true space combat capability comes
within reach—in terms of being able to operate in space against other craft in
space as well as against ground targets—then it would seem that the aerodynamic
vehicle would soon crowd the missile to the wall. For then the requirements
that molded the airplane will be superimposed on those dictated for space flight
by the laws of nature. The vehicle will have to be able not only to re-enter the
atmosphere but to land at any of a number of points on the earth’s surface. The
vehicle will have to be able not only to fly a trajectory in space but to maneuver
with intelligence and versatility, to make judgments and choices of a kind that
come better from a human pilot than from the memory bank of a computer.

The first flight of the X-15, now scheduled for early 1959, serves as a re-
minder that the aerodynamic vehicle is moving apace the ballistic missile in
controlled space flight. This is by no means an accident of technological timing,
for the X-15 is the culmination of a distinguished family of rocket-powered
research aircraft. Designed to fly at hypersonic speed and at altitudes up to 100
miles, the X-15 is a test not only of a machine but of man in a machine in space.
The major objectives of the X-15 flights will be to study the effects of frictional
heat during re-entry into the earth’s atmosphere, the problems of stability and
control at high speeds and altitudes, and the psychological and physiological
effects on the pilot of weightlessness and of rapidly accelerated and decelerated
flight processes. The X-15 may well be an historic landmark in the development
of the aerodynamic space vehicle.

research concepts

In considering the point now reached in the state of the art of research air-
craft, we might well think first of the role of research aircraft in relation to such
ground test facilities as wind tunnels, high-speed sleds, and free-flight models.
Although these ground facilities provide much valuable information, they have
definite limitations in simulating the conditions of actual flight. For example,
wind tunnels, now capable of surpassing for a fraction of a second the minimum
speed necessary to propel a vehicle beyond the earth’s gravity into space, provide
important data on the heat problem of atmospheric re-entry; but it is impossible

The X-15 research aircraft, recently unveiled at the Los Angeles plant of North
American Aviation, Inc., is undoubtedly a major milestone in man’s aeronautical
progress toward space travel. As part of the cooperative flight research of the
USAF, the Navy, and the National Advisory Committee for Aeronautics, the X-15
will be used to study the aerodynamic, thermodynamic, and human problems of
space flight. With the assistance of Major Arthur Murray and Mr. Chester MeCol-
lough of the X-15 Weapon System Project Office of Headquarters, Air Research and
Development Command, the Quarterly Review considers the potential use of winged
vehicles for space flight (as opposed to ballistic missiles), reviews certain concepts
underlying research aircraft and their past application, sets forth the background
of the X-15 program, and concludes with a word about “follow-on” projects.
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to duplicate the size of the vehicle in wind-tunnel tests. Also, high-performance
data are obtained only for short durations. Sled tests are useful in investigating
such problems as escape at high speeds, but here limitations are imposed by the
length of the track, which requires high starting and stopping accelerations in
order to achieve the necessary speeds. Free-flight models provide helpful aero-
dynamic and thermodynamic information, but operations are on a small scale
and yield only limited data.

Larger unmanned test vehicles, which are extremely expensive, may be
used for essentially one data point in each experiment, and recovery of the vehicle
for re-use is sometimes impossible. With the possible exception of sophisticated,
remote-controlled vehicles, which would have the disadvantage of great expense
and unwieldy complication, none of these tools is capable of investigating the
flying qualities of an aircraft with a human input in actual environmental
conditions.

Manned research aircraft obviously are not limited in full-scale simulation
of flight conditions, since the craft actually enter the environment of flight.
They do, however, have certain limitations. To design and build a research
aircraft and to maintain the organization necessary for research testing are expen-
sive operations. The amount of data recorded is somewhat restricted by the space
and weight that may be devoted to instrumentation. Since research aircraft are
to probe certain unknown areas of flight, there is some risk involved for the pilot.
Electronic devices cannot be substituted for a human being because there are
no practical means of adapting the equipment to the flight situation until the
environmental conditions and the characteristics of the vehicle in flight have
been explored.

In the evaluation of the advantages and disadvantages of the various methods
of obtaining data discussed thus far, the need for the manned research aircraft
is clear. The main attraction of such an aircraft is that by no other means can
the effects of the actual operating environment on piloted vehicles be accurately
determined. This is considered justification for the expense and risk to human
life involved. Manned research vehicles have been accurately described by E.
Kotcher of Wright Air Development Center as ““necessary full-scale flight labo-
ratory facilities to confirm, supplement and consolidate the model data obtained
from ground test facilities before undertaking prototype development of manned
operational vehicles.”

In the design and construction of research aircraft, many of the require-
ments of operational aircraft are subordinated to obtaining research information.
The payload is the instrumentation required to bring back the information.
Range is of no importance and flight duration is important only at the points
of flight being investigated. The brute force of rocket propulsion necessary to
get the craft to desired speeds can be built into the vehicle at the expense of
ordinarily important features. The research aircraft is designed to operate in one
vicinity only (Edwards Air Force Base, California, in the case of the X-15).
Consequently there is no need for the aircraft to be able to withstand certain
conditions such as high humidity and salt spray. The pilot obviously does not
need equipment for arctic, tropic, or other unusual conditions. Lengthy flight
preparation is acceptable in a research aircraft. It may be air-launched at high
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speeds and altitudes, thus offsetting the high propellant consumption of rocket
vehicles. The flight plan may be selected so that dry lakes are available for
landings. This feature, together with the fact that once landed the craft may be
picked up by auxiliary equipment, permits the use of skid-type landing gear.

background of the X-15 project

Toward the end of World War II the United States embarked upon a series
of projects for the development of manned aircraft designed to probe the unknown
areas of aeronautical technology. This program led to the historic breaking of
the sound barrier in 1947 by the Bell X-1. The German V-2 guided missile had
exceeded the speed of sound, but the Bell X-1 was the first inhabited aircraft to
accomplish the feat. Like the others of the series, this airplane was designed for
the purpose of pure research. It was a rather conventional aircraft except for
the liquid-rocket engine, which developed a thrust of some 6000 pounds. An
alcohol-water mixture was the fuel and liquid oxygen the oxidizer. Major prob-
lems in development were making the plane strong enough to withstand the
rigors of supersonic flight and crowding the necessary equipment, especially
instruments, into the limited space available. It is interesting to note that the
Bell X-1 was the first of the research aircraft projects in which the National
Advisory Committee for Aeronautics (NACA), the military services, and the

aircraft industry participated.
The Bell X-1A attained a speed of two and one half times the speed of sound

Powered by a Reaction Motors liquid-rocket engine that developed a thrust of 6000
pounds, the Bell X-1 on 14 October 1947 became the first aircraft to break the
sound barnier, reaching a speed of mach 1.06. The wing span was approximately
28 feet, the length 35 feet, the height 10 feet, and the aircraft weighed some
16,000 pounds. The original Bell X-1 is now in the Smithsonian Institution.




The Bell X-14, approximately five feet longer than the X-1, weighed about the same
and was powered by the same engine as the X-1 but modified to afford some 4.2
rather than 2.5 minutes of powered flight. It was flown at a speed of 1650 mph
at an altitude of about 70,000 feet in December 1953; and in May 1954 a height of
90,000 feet was reported. Both the X-1 and the X-14 were air-launched from a B-29.

in 1953 and the following year exceeded an altitude of 90,000 feet. This plane
had a skin of duralumin and the general contour of a .50-caliber bullet. It was
approximately 35 feet long with a wing span of some 28 feet. The craft was
powered by the same type engine used in the Bell X-1 except for the use of a
pump feeding device instead of high-pressure propellant tanks. A big problem
with this plane was aerodynamic control in the rarefied atmosphere of high
altitudes. Aerodynamic heating was no special problem because flights were
made at altitudes where aerodynamic heating is not acute in speed runs of short
duration. The altitudes and speeds of the Bell X-1A necessitated the wearing of
a partial-pressure suit.

New records in both speed and altitude were set by the Bell X-2 in two
flights in September 1956. The aircraft reached more than three times the speed
of sound and an altitude of almost 25 miles. Pencil shaped with swept-back
wings, the Bell X-2 was powered by a 15,000-pound-thrust, double-barreled
Curtiss-Wright rocket engine. With this aircraft, altitudes and speeds were such
that the effects of aerodynamic heating presented a considerable problem to the
design engineers. So the aircraft was constructed primarily of K-monel, a new
metal at that time which possessed good qualities of heat resistance.

The latest research aircraft to be developed is the X-15. The origin of this
program may be traced to a resolution passed in the spring of 1952 by the Com-
mittee on Aerodynamics of the NACA directing the laboratories of NACA to



The Bell X-2, powered by a Curtiss-Wright liquid-fueled rocket engine with 15,000
pounds thrust, reached an altitude of some 126,000 feet, just under 24 miles, and
a speed exceeding 2000 mph at about 70,000 feet, in two flights in September
1956. This swept-wing aircraft weighed 18,000 pounds, had a wing span of some
32 feet, and a length of 37 feet. The X-2 was air-launched from a B-50 carrier.

initiate studies of the problems likely to be encountered in space flight and of
the methods of exploring them. Ground facilities, missiles, and manned airplanes
were considered. By the spring of 1954 the NACA had a team at work to determine
the characteristics of an airplane suitable for exploratory flight studies. This work
led to an NACA proposal for the construction of an airplane capable of investigat-
ing aerodynamic heating, stability, control, and physiological problems of hyper-
sonic and space flight.

When on 9 July 1954 NACA representatives met with members of the Air
Force and Navy research and development groups to present the proposal as an
extension of the cooperative research airplane program, it was discovered that
both the Air Force and the Navy were already actively interested in similar
types of research. This fact made for early acceptance of the NACA proposal for
a joint effort and eventually led to the X-15 project.

Areas of responsibility were designated by a memorandum of understanding
signed in December 1954 by the Special Assistant, Research and Development,
of the Air Force, the Assistant Secretary of the Navy for Air, and the Director
of the NACA. Technical direction of the project was assigned to the Director of
the NACA acting with the advice and assistance of a Research Airplane Com-
mittee composed of one representative each from the Air Force, the Navy, and
NACA. The Air Force was charged with the responsibility of developing the X-15,
which included establishing the contract as well as coordinating the various
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development phases of the program. The responsibility of conducting flight re-
search after acceptance of the airplane as an airworthy article was assigned to
NACA. The Director of the NACA and the Research Airplane Committee were
to inform the military services and the aircraft industry of the progress and results
of the program. The memorandum concluded with the statement that this project
was a matter of national urgency.

After Department of Defense approval was obtained, the Air Force was
authorized in December 1954 to issue invitations to prospective contractors to
participate in the design competition for the X-15 airplane. Approximately one
year later North American Aviation, Inc., was awarded the contract.

development and flight of the X-15

By October 1955 it was fairly certain that the development contract would
be awarded to North American. In that month a meeting of representatives of
this company, NACA, and USAF was held to establish the requirements and
features of the aircraft and to coordinate generally the X-15 program. A list of
customer comments and requests concerning the configuration submitted by
North American was presented and discussed. Most of the items were quickly
settled when contractor representatives agreed to the proposed changes. In those
cases not settled, it was agreed that the contractor would provide studies to
enable more accurate evaluation of the questions. At this point in the program,
one of the more difficult problems was the type of escape to be used. A second
meeting was held in November 1955 to discuss the results of the contractor studies.
Important among the results of this meeting were evaluations of possible engine
and propellant variations.

In February 1956 a letter contract was executed with Reaction Motors, Inc.,
for development of the XLR-99 throttleable liquid-rocket engine. Anhydrous
ammonia was chosen as the fuel, with liquid oxygen as the oxidizer. The propel-
lants account for well over half of the iaunch gross weight and are contained in
tanks which form an integral part of the fuselage. Separator baffles counteract
the surge of the liquid propellant in flight. Sustained firing time of the engine,
at varying thrust, is up to six minutes.

By July 1956 the cockpit arrangement had been established and the decision
had been made to use a full-pressure suit for altitude and acceleration protection.
This lightweight. flexible suit is considered one of the significant accomplishments
of the program thus far and will doubtless be of value to pilots of our present high-
speed and high-altitude aircraft. The instrumentation bay and pilot’s compart-
ment will be pressurized to 35,000 feet and cooled by expansion of liquid nitrogen.
A stabilized ejection seat will be used for emergency escape.

Of the human problems, the physiological and psychological effects of weight-
lessness and of acceleration and deceleration forces are the areas where new
information is most necded. A condition of weightlessness, in which the gravita-
tional pull of the earth is nullified, will be experienced by the pilot of the X-15
for several minutes as the plane coasts over the peak of the flight path. Recently
pilots of other high-performance aircraft have been subjected briefly to this
condition without serious impairment of their ability to function properly. Though
the effects of weightlessness seem to vary considerably with individual pilots, some



Research and development of the X-15, one of the most
extensive projecls in aviation history, involved innumerable
steps. For example, (1) wind tunnel testing of X-15 model
reveals high-speed-flight shock waves. (2) To produce the
Inconel-X fuel cylinder of the X-15, North American de-
veloped new techniques for welding this high-strength,
thermal-resistant metal. (3) X-15 test pilot undergoes
centrifuge tests at U.S. Navy Aero Med-

ical Laboratory, Johnsville, Pennsylvania,

to simulate extreme g-forces anticipated

for maximum performance flights of X-15.

(¢4) Dummy 1s ejected from
supersonic sled run at Ed-
wards AFB to test effective-
ness of seat stabilizer fins.
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becoming nauseated and others experiencing a feeling of exhilaration, the dura-
tion of this condition in the X-15 flight trajectory is thought to be insufficient
for it to be one of the severe human problems of the program.

It is felt that the pilot of the X-15 will have good control over the forces of
rapidly accelerated and decelerated flight processes. He will be subjected to
about 2 g as the engine is ignited and the plane begins to climb. This force,
roughly comparable to that experienced in a catapult launching of an aircraft,
will tend to immobilize the pilot but not to the extent of preventing him from
performing the tasks necessary to control the aircraft. As the fuel load is rapidly
consumed, the speed is increased and the g-forces become stronger. Maximum
g-force is reached as the engine burns out prior to the peak of the flight path.
It is in the latter stages of the flight, however, that deceleration and pullout forces
can combine with atmospheric disturbances to give the pilot most trouble in
controlling the X-15. An entirely new control design has been created to avoid
involuntary pilot inputs. To study this problem area a series of simulation tests
have been conducted in the Navy centrifuge at Johnsville, Pennsylvania.

An inertial flight-data system is being built into the X-15. The equipment
includes a lightweight computer and a three-axis gyrostabilized platform on
which accelerometers are mounted. The output of the accelerometers is fed to the
computer, which derives speed, altitude, rate of climb, and other data. This
information is supplied to the pilot through conventional instrument presentation.
Built to withstand accelerations more than ten times the force of gravity, the
system has the advantage of being adaptable to other space experiments.

Aerodynamic control will be accomplished by movable outboard portions
of the upper and lower vertical stabilizers and by differentially operated, all-
movable horizontal tail surfaces. The movable portion of the lower vertical
stabilizer will be jettisoned before landing. One of the surprising features of the
X-15 is the wedge-shaped vertical tail, which measures no less than 12 inches
thick at the trailing edge. These surfaces are moved through an irreversible
hydraulic control system, with the pilot using a control handle on his right con-
sole along with conventional rudder pedals.

Small peroxide rocket motors will provide control at altitudes where aero-
dynamic controls become ineffective. Two motors controlling movement about
the pitch axis and two motors controlling movement about the yaw axis are
mounted in the nose of the aircraft in the form of a cross. Movement about the
roll axis is controlled by a motor mounted in the tip of each wing. The pilot will
operate these motors by means of a single control on the left console.

A difficult problem in development has been the effects of high temperatures
on the aircraft. Air friction will heat the skin of the X-15 to approximately 1000° F,
the heat being greatest on re-entry into the atmosphere. At the other extreme,
temperatures will be as low as —300° F in sections of the plane containing liquid
oxygen. To withstand skin temperatures up to 1200° F the aircraft will be con-
structed for the most part of Inconel-X, a new metal consisting primarily of
nickel. About 70 per cent of the structure will be welded, with only about 30
per cent bolted. Passage through the highest temperature is expected to be
accomplished so quickly that the metal will not be heated beyond the design point.

Although the X-15 was originally conceived as a ‘‘state-of-the-art aircraft”



Fou X-15 tah t public showing, 15 October 1958. Built

rth A an Auviation to attain speeds over 3600 mph and altitludes above
100 » [ permit exploration of problems of aerodynamic heating, stability
and \d the | wological and physiological effects on the pilot of hyper-
soni flight. The configuration features short, square-tip, swept-back wings
and dgeshaped vertical stabilizers. The lower vertical stabilizer ts removed

while the X-15 is on the ground. Specifications: length 50 ft, height 13 ft, wing
span 22 ft. wing avea 200 sq ft, swept-back wing angle 25 degrees, launching
weight 31275 lb. The XLR-99 engine is capable of over 50,000 lb thrust.
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(i.e., built with the materials, techniques, and knowledge available at the time
of requirements), there have been many difficult technical problems in the
development phase of the program that required new techniques and new
knowledge. One such problem was in the area of structure. Like K-monel, of
which the Bell X-2 was constructed, Inconel-X had never before been used in
building an airplane. A pioneering effort was necessary, a type of activity which
in itself is of value to the aircraft industry.

Other landmarks in the development phase of the program that should be
mentioned include the two industry conferences, one in October 1956 and the
other in July 1958, to review progress on the program; and a development en-
gineering inspection of a mockup of the vehicle in December 1956 at which
comments and suggested changes were presented. Also there was the decision in
the summer of 1957 to use a B-52 as the carrier instead of a B-36. By the end of
that year the basic design configuration had been established and manufacturing
had begun.

The first powered flight of the X-15 is expected to take place on schedule in
early 1959. The B-32 carrier will take off from Edwards Air Force Base and fly
northeast toward Wendover Air Force Base, Utah, some 500 miles distant. Just
before drop, the pilot will carry out final preparations such as checking electrical
circuits. In the vicinity of Wendover the X-15 will be air-launched at approxi-
mately 40,000 feet from beneath the right wing of the carrier. After launch the
engine will be started and the aircraft will then fly a semiballistic path, during
which research data will be recorded both internally and by telemeter at the
three stations of a special radar range. Early in the flight the X-15 will be trailed
by a jet ““chase plane” from a nearby base. Re-entering the earth’s atmosphere
at the correct angle will be one of the critical tasks of the pilot. Two aft skids
and a nose wheel will permit landing the X-15 on the dry lakes around Edwards
Air Force Base. Because of delays in development of the XLR-99 rocket engine,
an interim engine package of two XLR-11’s from the Bell X-1 program will be
used for initial flights. The program of demonstration flights by North American
will continue until the fall of 1959 when the aircraft is expected to be accepted
by the Government and turned over to the NACA-Air Force Flight Test Center
Joint Operating Committee for initiation of the flight research program.

Research flights of the X-15 will be flown by pilots from the NACA, the
Navy, and the Air Force. These pilots will take the airplane through the full
exploration of its performance capabilities.

the future

Just as the accomplishments of earlier research aircraft paved the way for
the design of aircraft now operating in our first line of defense, so it is expected
that the information obtained from the X-15 flights will be useful, mainly to the
aircraft industry, in the design and development of more advanced vehicles for
atmospheric and space flight. Data pertaining to all the major areas of interest
in the program—the aerodynamic, thermodynamic, and human problems of
space flight—will be of value in conjunction with information obtained from
ground test facilities. This phase of development must precede the prototype
development of manned operational aircraft. Technical reports regarding the
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results of the project will be disseminated to interested concerns in accordance
with the memorandum of understanding mentioned above. North American
Aviation, Inc., will retain no proprietary rights concerning the techniques and
devices developed and the information gained through the program.

The project which is perhaps closest to a continuation of the X-15 program
is the development of a boost-glide aircraft called Dyna-Soar, a name derived
from ‘““dynamic soaring.” The Air Force and the NACA are now engaged in
developing this advanced test vehicle, thus continuing the productive partner-
ship that resulted in the earlier research aircraft and the forthcoming X-15.

Preliminary investigations indicate that it will be possible to vary the original
thrust and thus the velocity of Dyna-Soar, enabling the pilot to complete one or
more orbits around the earth and make a normal landing. The vehicle will oper-
ate from space altitudes down to well within the atmosphere where it can maneu-
ver and be recovered undamaged. It will utilize both centrifugal effect and
aerodynamic lift.

The Martin Company and the Boeing Airplane Company have been selected
as development contractors for the Dyna-Soar. These companies will each head
a team composed of five or six of the ablest contractors in the aircraft industry.
Martin will draw heavily on the aeronautical pioneering experience of the Bell
Aircraft Corporation. The specialized abilities of contractors throughout the
country will contribute to development by both teams. Early efforts of the two
teams will be competitive to ensure that the Air Force receives the most advanced
and complete designs. The Air Force, NACA, and the aircraft industry have been
obtaining and assessing data and knowledge on the boost-glide concept since 1951.

Possible operational craft following the test version of Dyna-Soar will be
capable of various missions, including bombing and reconnaissance. As a weapon
this vehicle promises to have some of the best features of both guided missiles
and aircraft. It will have long range and great destructive capability, especially
with nuclear payloads, and the judgment of the pilot will make for reliability
and versatility. Such a weapon would be particularly useful in case of loss of our
overseas bases.

It would naturally be almost impossible to predict the exact course that
space technology will take. We can say with some assurance, however, that the
information gained from flights of the X-15 and similar aircraft will be extremely
valuable. In fact, later craft in this same line of development may well play the
predominant role in the conquest of space.

Awr University Quarterly Review



That “Military Mind”

BricabpiER GENERAL Harorp W. BowMman

lump all people into categories: you have good guys and bad

guys. In the Western movie, it is always the hero versus the
villain. The public servant is either a politician or a statesman,
depending on the plus or minus sign on his public esteem. If one
lends money, he is a loan shark or a financier. The owner of a
factory is a tycoon if dogs bark as he slinks past, an industrialist
if children climb on his knees. Just as a news photo is worth more
than a thousand words, the nickname given to a public figure
depicts his reputation far more accurately and quickly than a
Gallup poll could do it.

The professional military man has not escaped his sobriquet.
As a group we are tagged as ‘““military minds.”” The number of our
profession referred to as military strategists or leaders, indicating
a high level of public esteem, is discouragingly small.

Like most such nicknames, “military mind” is never accu-
rately defined but we know it is uncomplimentary and we cringe
when we hear it. By this term our critics seem to imply that we
are inflexible, rigid, unimaginative, uncreative. While recognizing
loyalty as a virtue, they see military loyalty as a fierce and narrow
chauvinistic quality bounded by the confines of the individual’s
own organization—sometimes at the expense of a higher obliga-
tion. They think of a little mind, limited in vision to what one can
see with the naked eye.

How did we in the military get that way? We are impaled on
the horns of a serious dilemma.

Horn #1. We must develop disciplined minds immediately
responsive to authority. We must have standardization. We must
have consistency and continuity and long lead times in order that
development, procurement, training, and the budget can all pro-
gress in an orderly way on a scale never before needed in peace-
time. Our weapons and methods must be tested and proved before
we risk lives and gamble on victory.

Horn #2. Our efforts to attain perfection along these lines
lead toward the undesirable qualities of inflexibility, lack of imagi-

IN THEIR penchant for oversimplification, Americans tend to
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nation, and resistance to change. We tend to become overconserva-
tive conformists. Today we are witnessing the greatest technological
revolution in the history of warfare. More radical changes in the
art of war have taken place in the last thirteen years than in all
previous time. Unfortunately there has not been a comparable
breakthrough in the art of thinking.

But we are not hopelessly impaled on these horns. There is a
way of escape and I am happy to say that many of those recog-
nized as national and international military leaders have found the
way. Just as the politician must break out of the confines of his
local district and think in terms of tomorrow, of the country, and
of the world before he becomes a statesman, so the military man
must raise his sights and broaden his horizon before he can join
the more exclusive group of highly respected leaders. He can be-
come bigger than his combat unit or the problems of today without
sacrificing his loyalties, his discipline, or his fine ideals and senti-
ments in any echelon. Fortunately this growth can come from the
development of capabilities which are inherent in the professional
officers of our services. There are five qualities which the military
man must cultivate if he is to escape being labeled a ““military
mind’’:

1. Breadth of Viewpoint. If one’s horizon is limited to his own
level of responsibility or current duty assignment, the ‘‘big picture”
will forever remain an undeveloped negative. Every organization
has a purpose bigger than itself. The squadron is the means to
an end—not the end. The Air Force exists to support national
policy. Our national policy exists as an expression of the ideals of
free men. There is always a higher force to motivate and guide our
thinking. Only when we keep our eyes on the higher purposes of
our responsibilities can we function in harmony with the ideals we
are employed to support.

2. A Fertile Imagination. The habitat of imagination is a mind
that is wide open to new ideas and capable of fitting old ideas

A high level of public esteem for the professional military man is lacking in the
United States. One evidence of this is the frequent charge that there is a “mili-
tary mind,” the product of authoritarianism and standardization which result in
inflexibility, lack of imagination, and resistance to change. Brigadier General
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