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National Air Capacity

The national air capacity is the total avia-
tion capacity of a nation, including the
human, technological, industrial resources,
etc. The products of the national air
capacity are identified in two categories.

Nonmilitary Military
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Air Power
Air power is composed of those
military forces and other prod-
ucts of the national air capacity
which are employed and directed
as a single instrument by the mili-
tary agency charged primarily
with responsibility for conduct-
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Military Auxiliary Aviation

Military auxiliary aviation is com- l
posed of those products of the na- |
tional air capacity which are di- |
verted or withdrawn from the air = =—=—
power total for the primary purpose
of conducting land or sea opera-
tions under the military agencies
charged with those responsibilities.
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What Is Air Power?

CoLoNEL. JERRY D. PAGE, and
CoLoNEL RovaL H. RoussEL

HE real meaning of the most vital element of national

security—air power—is getting lost in a maze of diverse

opinions. And if this trend continues, there is bound to
be trouble ahead.

The provision of true air power and the progress of national
security are inseparable. It is to be expected that much is being
said about air power in many places by many different people.
This focus of interest is desirable. But it is unfortunate that
even now, with air power having been a part of our life for so
long a time, those who speak of air power often mean different
things. This condition is unfortunate because as long as air power
is discussed with different meanings—as long as there is a wide-
spread divergence of opinion as to what it is—how can we expect
ever to solve the problem of providing the right kind of air power
and of using it to the best advantage for national security?
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It 1s not hard to see how a considerable amount of confusion
about the meaning of air power has accumulated. In all the dis-
cussion that has been going on about it, all sorts of variables have
been involved; all sorts of influences have made themselves felt.
By doing a few minutes of simple research it is possible to find
air power described in many different ways. In one instance an
individual speaking from a position of authority will say that air
power is the capacity to exploit the air as an instrument of
national power. Another will say that air power is the all-inclu-
sive military air capability. Yet another will say that air power
is military aviation plus commercial aviation. And still another
will say that air power consists of military aviation, plus commer-
cial aviation, plus the capacity to design, develop, and produce
the means of flight, plus the command and control ability to
employ all these things effectively in pursuit of national objectives.
In another case an opinion may be offered that each military
service has air power—that there is such a thing as Army air power,
Navy air power, and Air Force air power.

There 1s no need to belabor the points that air power cannot
in reality mean all these different things, or that no good can
possibly come from continued vagueness of this kind. One of
the variations should be correct and the others wrong. Or possibly
the question should be: “Do we have such a thing as a correct
definition of air power?”

There are probably some who will say, “What's the differ-
ence? It's all a matter of semantics.”

But saying that is not a solution. It is just a way of dodging
the facts—an easy way out. Because actually there is much more
than semantics or academic definition involved in the conse-
quences that stem from the many-sided application of the term
air power. If it is only semantics, then it follows that the disasters
inherent in coming up with the wrong kind of air forces at the
wrong time and in the wrong place would be nothing more seri-
ous than “a matter of semantics.” The point to be made here is
that those who cannot relate the meaning of the term air power
to reality in the form of the kind of an Air Force in-being that
we have are not seeing the facts clearly.

A precise definition of air power is needed. It is necessary
to an accurate comparison of our capabilities with opponent capa-
bilities. We cannot, for example, expect simply to add up air-
planes, bombs, and people and get a total that is air power. This
i1s so because air power is much more than numbers of items—
especially numbers considered apart from the functions which they
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perform and the processes through which they are controlled and
directed.

A precise definition of air power is necessary as a means of
measuring accurately the air strength that our military budget
money buys. To get the answer here, the dollars must be equated
with the things they buy in order to counter directly the most
vital threats to our security in this cold-war nuclear world. It may
be well to consider again that to buy military airplanes is not
necessarily to buy air power, although the latter may have been
intended.

Furthermore, a precise definition of air power is necessary
to consistent public understanding and support of air capabilities.
The American individual deserves a clear, honest, and unchal-
lenged explanation of what air power is, how much it costs him,
and what air power is able to do to help achieve the ideals of
our country.

There are many more reasons, just as practical as these, why
we must have a precise definition of air power.

The purpose of this article is to offer a practical definition.
By “practical definition” we mean a definition of air power which
proves out on the basis of reality—of the facts that we can see
all about us.

This definition begins with the fact that air power is an
entity. Whatever its composition, it is something that can be
employed as a single instrument. That is to say, all of it, or any
part of it, can be directed, controlled, if need be, from a single
source. We must be able to make this transition in direction and
control from the part to the whole, or vice versa, with “supersonic”
speed. Operations by the “committee system” or through the
slow process of “mutual cooperation” cannot exploit fully the
flexibility and versatility of air forces. Furthermore any employ-
ment of air power, whether on a large or small scale, is an
employment as part of a global condition. Thus any segment
of air power always remains a part of the total capability, and
in this state it is and must always be subject to employment
with the “supersonic’ speed mentioned above as part of a global
air force.

There are many ways of expanding the meaning of air forces
as an entity in a narrative description. One way would be to
recount the near-disasters that have occurred in battle when air
forces were not employed as an entity. Another would be to say
that the division of functions among the various military services—
the Government’s so-called Functions Paper—verifies the oneness
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of air power by the legal device of assigning the primary respon-
sibilities for the conduct of air tasks to a single direction—the Air
Force. However, it is enough to say that it is recognized that air
power is an entity. Therefore it must follow that air power—in
any way that it is described—always must be identifiable as an
entity. If it does not stand out clearly and unmistakably as an
entity, then it is incumbent upon whoever proposes such a mean-
ing to explain satisfactorily in what respect it is that air power
is not an entity.

The “definition” that follows is based on the premise that
air power, being an entity, is indivisible.

AIR POWER is derived from the total air capacity
of a nation. It is employed as an element of national policy.
Nations use their air power in various ways to support their
objectives and to advance them toward their goals. Air power
may be employed for these purposes in either peace or war. There-
fore it is a constant source of strength and influence.

The total air capacity of a nation—the national air capacity
which produces air power—is an aggregate of the men and women,
facilities and bases, aircraft and weapons, and the industrial,
technical, commercial, and military resources that are needed
to produce, sustain, and operate all the elements associated
with flight.

It would be misleading, however, to think of national air
capacity as a matter of physical resources alone. The physical
resources are meaningless unless they are used properly. Proper
use requires a full understanding of the relation of air capabilities
to the welfare of the nation. When this understanding exists
within a nation, it is manifested in public and official support of
all forms of aviation. It is manifested also 1n evidence that the
nation is able and willing to employ its air capabilities consistently
in support of its policies. And it is evidenced moreover by confi-
dence in the national air capacity as a source of strength.

The products of the national air capacity fall into nonmili-
tary and military categories. The distinction is based on function.

The nonmilitary portion of the national air capacity has
three subcategories. The first is composed of the common air
carriers—the domestic and overseas airlines of all types. A second
includes aviation of all types that is used privately. A third is
made up of Government aviation that is used in administrative
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functions and is not intended for combat operations or for the
direct support of combat operations. e

The nonmilitary category of a national air capacity 1s an
important element of a nation’s strength. It is one indicator pf the
production potential of the national air capacity. It also 1s evi-
dence of a nation’s determination to exert influence through the
air. However, because of the variety of ownership and control
of nonmilitary aviation, nations cannot ordinarily employ it in
the physical sense as a single instrument. It is not administered
as an entity.

The military products of the national air capacity are identi-
fied in the primary category of air power, and otherwise as military
auxiliary aviation. Again, the distinction is a functional one.
Aircraft of identical types may be a part of either air power or
military auxiliary aviation, depending upon the purpose for which
they are used and the manner in which they are controlled.

Air power is composed of those military forces and other
products of the national air capacity which are employed and
directed as a single instrument by the military agency charged
primarily with the responsibility for conducting operations
through the air.

Military auxiliary aviation is composed of those products of
the national air capacity which are diverted or withdrawn from
the air power total for the primary purpose of conducting land
or sea operations under the military agencies charged with those
responsibilities. When employed for these purposes they are
auxiliary to land and sea forces.

Nations strive at all times to build their air power to such
proportions quantitatively and qualitatively that it will represent
dominant strength. When a nation succeeds in gaining the
advantage of dominant strength through the capabilities of its
air power, either in peace or in war, it holds the valuable advan-
tage of control of the air. When a nation holds control of the
air, it has the capability to exert desired degrees of influence in
international affairs, or upon other specific nations. It may use
this influence negatively or positively, as best suits its policies.
Alr power may be used as a deterrent to restrain nations with
conflicting policies, or it may be used as a source of encourage-
ment and as a rallying influence for nations with allied policies
and interests. In either instance and at any time, the welfare
of nations, the state of their security, and the prospects for their
future well-being necessarily rest in a large measure on the state of
their air power in relation to the air power of other nations.
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Air power is a single instrument. It is indivisible. The
inherent flexibility of air forces imparts to them the capability
of operating and producing impacts on any scale from highly
localized to global, from the psychological to the most violent.
Air power may be employed over a wide range of conditions, from
peace to unlimited war.

Air power is the most clearly discernible evidence of a
nation’s air capacity. It is also the most influential evidence.
Having both oftensive and defensive capabilities, the air power
increment of a nation’s air capacity is an instrument through
which that nation most frequently applies directly the influence
which accrues from its air capacity.

In time of hostilities air power is the one instrument which
provides capabilities for employment immediately and directly
against all elements of the strength of opponent nations. Con-
versely all elements of the strength of that nation are exposed in
the same manner to the air power of its enemy nations. In time
of war nations necessarily must employ their air power primarily
against enemy air power in an effort to win dominance. The peace-
time assessment of a nation’s ability to attain a dominant posi-
tion in the air in event of hostilities determines the degree of
peacetime control of the air available to that nation.

Unlike air power, military auxiliary aviation is invariably
confined in its use to support of operations which have definite
land and sea boundaries. It is always subject to the limitations
of the user’s mission. Therefore both the application of military
auxiliary aviation and the impacts created by it are always local-
ized. In instances where the direction of certain elements of
military auxiliary aviation or nonmilitary aviation pass to the
control of the military agency primarily responsible for obtaining
control of the air, whether in peace or war, those elements become
parts of air power for the duration of the control and direction
arrangements. Conversely if elements are withdrawn from the air
power entity and passed to the control and direction of other
agencies for limited application not directly contributing to the
accomplishment of control of the air, they cease to be a part of a
nation'’s air power for the duration of those arrangements.

It is not possible to make a compromise on the composition,
control, or primary purpose of air power. It must be an entity,
utilized primarily to gain, maintain, and exploit a dominant
position in the air. It must be responsive to direction as a single
instrument by the military agency of a nation which is primarily
responsible for operations through space.
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THE foregoing definition of air power should not
be misconstrued. We hope that it will be accepted to mean exactly

and only what it says. It does not say:
1. That all military aircraft should be owned by the Air

Force.

2. That tax dollars should not be used for naval carrier
aviation. (It suggests the use of appropriate aviation of all kinds,
when necessary, as a part of air power.)

3. Whether or not the Army should have its own tactical
aviation. (It does suggest that the pros and cons of this subject
should be examined in the light of the principles contained in

the above definition.)
Evaluation Staff, Air War College



Global Aid to Air Navigation . . .

Navarho
A Quarterly Review Technical Brief

T His fall a new air navigational aid will begin a year of intensive opera-
tional testing. Beaming its signals over a substantial portion of the
Northern Hemisphere, ‘“Navarho,” as the new system is named, shows
promise of becoming the long-awaited global aid to air navigation. It will
mark one more large contribution of electronics to man’s conquest of space.

In directing an aircraft along its course the navigator is constantly faced
with three basic problems. He must know at all times the exact position
of the aircraft over the earth’s surface. He must be able to infer position for
any given time during the flight. And he must calculate, compensating for
the drift effects of wind, the precise direction to head the aircraft to reach
destination.

Not long ago this was a relatively simple matter. In the days of low-
flying, short-range aircraft passing over familiar territory, the pilot or navi-
gator could keep track of his position by mere visual observation of identifying
landmarks. This navigating by checkpoints is known as pilotage. But with the
steady increase in aircraft range, flights over unfamiliar territory became
the order of the day. As an aid to air navigation the Government and other
agencies issued a series of aeronautical charts affording pertinent information
to the navigator. For flights over water and areas devoid of conspicuous
landmarks, celestial navigation was introduced as a further aid.

One very real limitation to navigation by pilotage, or map reading. or
celestial observation is that they all depend on good enough weather for the
navigator to observe the terrain below or the sky above. As the length of
the flights and the speed of the aircraft increase, the need for reliable naviga-
tional assistance becomes progressively more important. It also becomes more
difficuit to provide. A truly versatile, flexible air force must be able to operate
day and night, in all weathers. Radio ranges, beaming information to the
pilot and navigator, have been and are the guiding mechanisms of airways.
Radar has been highly successful in directing the descent and the landing
of aircraft under extreme weather conditions. With their help aircraft,
whether military or civil. have known an independence of operation never
before possible.

But the degree of operational freedom afforded by these aids alone has
not been adequate for an air power with global horizons. Jet aircraft fly at
such high altitudes that they cannot rely on navigation by visual observation.
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either by pilotage or through the use of charts. Terrestrial detail becomes
too indefinite to be noted with any accuracy. The tremendous speeds of
jet aircraft and their high rate of fuel consumption dictate precise and
detailed flight planning from the moment of take-off, because their charac-
teristics leave very little margin for error that would extend the duration of
the flight. The navigator must necessarily have access to quick and continuous
information. Celestial navigation is rather awkward and time-consuming and
is therefore not adequate. Radar, networks of radio ranges, and other
electronic systems inherently restricted to high-frequency emissions are
limited to relatively short-range applications.

In the search for greater ranges the field of electronic navigation has
been the most promising. Systems incorporating lower frequency emissions
have been developed and used successfully for medium-long ranges. But
global air power demands even greater coverage for far-ranging aircraft. Not
only would the fewer transmitting sites of a long-range system be less com-
plex and involve fewer variables than the networks of shortrange sites, but
they could provide coverage in the areas of the earth where it is impractical
to locate transmitting facilities, such as arctic areas, ocean areas, and, of
course, areas controlled by unfriendly nations.

The Air Force has long realized the importance of complementing her
long-range aircraft with a long-range navigational system. Under the direc-
tion of the Air Research and Development Command with the actual work
accomplished by the Rome Air Development Center in conjunction with the
Wright Air Development Center as the supporting agency, the Air Force
has developed a new electronic aid to air navigation. Named Navarho, this
system affords the longest ranges for navigational aid yet attained and comes
the closest to meeting the specifications of this jet age.

Long-Range Navigational Systems

Probably no technical field is more confusing to the layman than the
field of electronic navigation. We have heard of Loran and Shoran, and of
their British counterparts Decca and Gee. We have heard of VOR/DME,

In formulating a realistic air doctrine the air theorist must understand and effec-
tively deal with a diversity of complex knowledges. Not the least among these
is air navigation. Limitations on air navigation restrict the effectiveness and
flexibility of air forces, particularly air forces that rely on fuel-devouring jets
and on smaller aircrews. The global dimensions of the USAF’s responsibility re-
quire a new order of mobility, versatility, and decisive action that has brought
into sharper focus the demand for a complementing world-wide navigational facil-
ity. In conjunction with the Rome Air Development Center, the Editors of the
Quarterly Review describe the latest advance in long-range air navigation. Called
Navarho, this new electronic aid, now in final test, will afford aircraft a greatly
broadened independence of operation. Its potentialities for guiding far-
ranging aircraft make it the most promising navigational system yet developed.
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ILS, GCA, RDF, Tacan, and many more. The list is wearisome; the termi-
nology is forbidding. And now we hear of Navarho, the latest in the field
of electronic aids to air navigation. We are told that this new system affords
extremely long-range applications, that from a single station it can beam
reliable signals in all directions over a distance of 2000 to 2600 nautical miles.
What exactly, then, is Navarho? How does it differ from the older, conven-
tional systems now in use? Why is it regarded with such high expectation?

To give a meaningful answer to thes¢ questions and to clear some of
the confusion surrounding an understanding of the fundamentals of elec-
tronic navigation, it is perhaps necessary to preface discussion of Navarho
with a brief résumé of related systems. The characteristics and shortcomings
of older systems may make more apparent the advantages and strategic signifi-
cance of Navarho.

First of all it may be said that the many electronic systems which have
been developed over the past twenty years fall into one of three general
classifications: (1) radio detecting and ranging systems—such as radar; (2)
differential-distance systems—such as Loran; and (3) azimuthal or directional
systems—such as Navarho. Systems in all three categories are widely used for
short-range purposes, but the latter two find particular application in long-
range navigation. These are the aspects with which we will be concerned.

Differential-Distance Systems

Of the long-range electronic systems probably the most familiar is Loran.
It is an example of the differential-distance systems, so called because they
measure the difference in distance between an airplane and two separated
ground stations. Actually time difference of arrival of radio waves is measured,
but this is translated to distance differences by making use of the known
speed of travel of radio waves. Two ground transmitters, 4 and B, normally
separated by several hundred miles, each emit brief pulses of radio energy
at synchronized time intervals. To reach an airplane located at X, the signals
travel along different paths. If the lengths of the two paths are different,
one pulse is received later than the other. This time difference or delay is
a measure of the difference in path length, or BX minus AX. Thus a 300-
microsecond time delay would mean that the difference between the distance
of the airplane from one of the ground stations minus the distance from the
other is equal to the distance that radio waves can travel in 300 microseconds.
In this case the difference in distance would be about 47 nautical miles.

Many different points may correspond to the same time or distance
difference. The exact line of position depends upon the time delay and upon
the location of the two transmitters, but in any case it is one of a family
of hyperbolas (by the geometric definition of such curves). The line of
position of no time difference—that is, of equal path length—is clearly perpen-
dicular to and bisects a line drawn between the two ground stations.

A fix is established by observing the time delay with respect to another
pair of ground stations within range and noting the intersection of the two
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lines of position, one line coming from each pair of stations. The two pairs
of stations may have one station in common. Special charts are needed to
interpret time delays into lines of position on a map. These charts have the
ordinary lines of latitude and longitude, plus the hyperbolic lines corre-
sponding to various time delays from a number of pairs of stations in the
area, with allowances for the curvature of the earth and the properties of the
map projection all calculated in advance.

By flying so as to keep a constant time delay, the pilot can guide his
aircraft accurately along any line of position as a track. But hyperbolic lines
are not generally suitable as direct flight paths. The central or zero-delay line
of position is an exception, being a straight line or great circle path. But
for this line to pass through a given air terminal requires two additional
ground stations. This may not always be practicable in remote regions or
at islands in mid-ocean. In any case none of the other lines of position *“lead
home.” Indication of time delay is not automatic but requires time-consum-
ing observations and skillful manipulation of cathode-ray-tube devices.

Although Loran requires no rotating or directional antennas and is thus
not restricted to the short operational range of very-high-frequency, line-of-
sight systems, the fact that brief pulses are used does place some restrictions
on the operating wavelength and bandwidth—factors that are critical in
determining serviceable range. Wavelengths on which Loran usually operates
allow reception up to about 700 nautical miles by day and about 1400 nautical
miles by night. Unfortunately the transmissions are subject to the ionospheric
disturbances that plague all relatively high-frequency radio signals. One
great advantage of differential-distance over most other systems is that
there is no need for a return signal from the aircraft. This increases the
practical service range, since the deadening effects of radio absorption and
attenuation are thereby halved. Also the system is not saturable. Any number
of airplanes can use the signals simultaneously.

The two ground stations must be separated by considerable distance, up
to several hundred miles, or the time differences become too small to be
measured accurately. One of the stations, termed the slave station, must
constantly receive signals from the other, the master station, for control
purposes. The times of emission of signals from both stations must be
accurately synchronized. Coverage of a given area with one family of lines
of position requires two suitably related ground stations, and the aircraft
must be within reception distance of both stations.

These are the essential characteristics of Loran, developed by the Radia-
tion Laboratories at the Massachusetts Institute of Technology; of Gee, de-
veloped in Britain; and of a number of related systems—all sometimes referred
to as hyperbolic systems. Despite all their drawbacks, differential-distance
systems have been extensively used for medium-long ranges, especially in
military applications. Their accuracy is extremely good, and reliability is
also good up to a certain variable, limiting range. Whether world-wide
coverage can be obtained, either by improving the dependable distance range
or by finding sufficient pairs of suitable land sites, is a question that has not
yet been answered.



Sitings: 3 stations necessary for a fix
Coverage: Poor in certain directions
Range: 700 n.m. by day; 1400 by night
Accuracy: Good, but poor during twilight
Operation: Oscilloscope interpretations

Homing Paths: Hyperbolic curves

Since World War Il the Loran system has been the most widely used long-range
electronic aid to air navigation employed by the USAF. Its ground facilities
consist of a series of lransmitling stations separated from each other by two to
three hundred miles. An aircraft must be within reception distance of at least
three stations to obtain a fix. Pulses of radio energy are emitted at synchronized
intervals from two stations operating as a pair and then from a third station
paired with one of the first stations. The time difference in arrival of radio
pulses is measured by oscilloscope devices in the aircraft and is translated with the
aid of special charts into lines of position. These lines of position form hyperbolic
curves. The fix is the point where two of the curves cross. Loran coverage is ade-
quate in all areas except in those directions close to the extension of the line joining
a pair of stations. Despite the penalty of atmospheric interference during twi-
light, Loran is one of the most accurate long-distance electronic aids in use.
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Azimuthal Systems

Historically, the first systems of long-range electronic navigational aids
were not of the differential-distance type. It was not until World War 11
that Loran and the other hyperbolic systems came into use. The first systems
were radial or bearing-giving devices. Directional or azimuthal systems are
so called because the transmitter sends out differentiable information for
each bearing of the compass. They are often described as radial, because
the lines of position are straight, radial lines emanating from the transmitting
site. Navarho is a system of this type, but it combines absolute-distance
measurement with the azimuthal determination.

In all azimuthal systems the fundamental principle is that the trans-
mitting antenna network has directional characteristics; that is, the radio
signals transmitted in various directions from the station are different in
some measurable respect. If the transmitter is at a ground station—which is
the case in all long-range applications—radio lines of position are fixed, straight
lines or Great Circles radiating from that point. Variations of the signal
strength transmitted in different directions cannot by themselves be used
immediately to indicate bearing. This is because the actual signal strength
at a given point depends also on transmitted power, distance, and propaga-
tion conditions—factors that cannot be expected to remain constant. They
must be made to cancel out in some manner, so that only the effect of the
directional properties of the transmitting antennas on the signal remain.
In fact a radiation pattern indicates only the relative strengths of signals
in different directions, assuming all other factors to be constant. Fortunately
these other factors are constant at a given point for short time intervals.

Therefore in these systems the transmitter always emits at least two types
of signals, corresponding to two different directional patterns, so that, regard-
less of the actual strengths of the two signals at a given time and distance,
their relation to each other is constant and depends only on the bearing of
the observer. Both signals may vary for one reason or another—even the
receivers may vary in sensitivity—but all of these variations affect both signals
in the same proportion, provided that the two types of signals are emitted
simultaneously or in very rapid alternation.

The major problem in azimuthal systems has been in securing
well-defined directional effects from the transmitter without sacrificing the
serviceable range. Signals of lower frequencies have the tendency to follow
the curvature of the earth and hence are practical for long-range purposes.
But sharp beams are not produced by such systems. The advantages of
higher frequencies to obtain sharper beams are well known, but the
propagation characteristics of higher frequencies forbid their use over great
distances. Interest is strong in systems having about 1500 nautical miles
reliable coverage, and it has recently become possible to talk of 2000 to 2600
nautical miles. This range requires low frequencies and high power. For
very long distances the straight lines of position of directional transmitting
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systems are desirable, but no entirely adequate systems of this type have been
installed. The problem of devising a system that is propagationally (fre-
quency, bandwidth, etc.) suitable for very wide coverage and that is also
omnidirectional, direct-reading, and free of troublesome ambiguities (the
multiple intersection of lines of position) has been of major concern.

The first developments of azimuthal systems suffered from poor accu-
racy—two or three degrees of error—and afforded relatively small area cover-
age. While the Allies were researching differential-distance systems, the
Germans concentrated on azimuthal systems and developed the Sonne sys-
tem for use in World War II. This system—and our adaptation of it, Consol—
was comparatively simple in operation, had good accuracy, and used receiving
and transmitting equipment more conventional than that used in Loran.
Its effective range approximated 800 nautical miles over land and 1000
nautical miles over water, with somewhat greater ranges possible at night.
The Sonne system was highly susceptible to storm interference. It employed
wide bandwidth receivers, which are very vulnerable to noise intensity, and
noise always limits the maximum distance of radio reception. Furthermore
the nature of its transmitting antennas prevented it from being omnidirec-
tional. And the effect of ionospheric variations required correction charts
for day and night operation.

In all purely azimuthal systems two stations are necessary to estab-
lish a fix. A bearing is taken from each station and plotted on the map, the
point of intersection of the two lines of position determining the exact loca-
tion of the aircraft. This necessity for a pair of stations limits the operational
practicability of the systems. It is not always feasible for an aircraft to be
within range of two stations, particularly in overwater flights. Navarho
dispenses with this condition. A single transmitting facility provides both
azimuth and direct distance information.

The azimuth or directional portion of the Navarho system—called Nava-
globe—uses three antennas arranged triangularly at the station. Three is the
minimum theoretical number of antennas capable of giving omnidirectional
service. Each pair of antennas is excited equally and in turn, so that in
effect three signals are radiated in rapid succession over and over again.
The relative strength of each signal depends on the direction of the receiver
in the aircraft from the antennas. Along each straight, radial line the relative
strengths of the three close-intervaled signals are constant; at greater dis-
tances all three signals are weaker, but in the same ratio to each other. The
receiving system measures this relation between signal strengths and trans-
lates it automatically into the setting of a pointer around a dial calibrated
in degrees of azimuth or true bearing.

As with all directional transmitting systems, the indicated bearing read
in the aircraft is the true bearing of the observer from the station. The line
of position is that bearing laid off as a Great Circle bearing from the meridian
of the ground station. On the Lambert projection, commonly used in Gov-
ernment air navigation maps, this is easily plotted, since on that projection
Great Circles may be represented by straight lines for even moderately long
distances. A similar representation may be drawn on the gnomonic projec-



Sitings: 2 stations necessary for a fix
Coveroge: Unusabie in certain directions
Range: 1000 n.m. by day: 1500 by night

Accuracy: Subject to error during night

Operotion: Aural tone inlerpretotions

Moming Paths: Straight. radial lines

Consol is a long-range electronic aid to air navigation adapted from the Sonne sys-
tem used by the Germans during World War 11. An aircraft must be within recep-
tion distance of two Consol transmitting stations. An ordinary azimuthal bearing is
taken from each station and the point of intersection of the two lines of position
fixes the asircraft paosition. Consol data must be interpreted by the navigator
from a series of aural tone patterns received on the standard radio equipment.
During the day, under favorable conditions, Consol has an effective range of
approximately 800 nautical miles over land and 1000 nautical miles over water.
Al night the range increases to approximately 1500 nautical miles over water.
Consol is highly susceptible to storm interference. Day and night correction charts
must be employed to compensate for ionospheric variations. Consol is generally
quile aceurate, but it is subject to error at night, and along or near the
exlension of the line joining the two stations it is unusable at most times.



Navarho

Sitings: 1 station necessary for a fix
Coverage: Complete 360-degree coverage
Range: 2000 to 2600 n.m., day or night
Accuracy: Adequate at all times of day
Operation: Direct, visual dial reading

Homing Paths: Straight, radial lines

Newest of the long-distance electronic aids to air navigation, Navarho has unique
characteristics especially advantageous in this strategic air age. High-flying, far-
ranging aircraft need be within reception distance of only one transmitting
station. Position is established by crossing an ordinary radio bearing with the
circular line of position corresponding to the distance measurement from the
station. In the cockpit the data is presented on simple calibrated dials, one for
azimuth and one for distance. They are read directly at a glance, with no

time-consuming, tedious oscilloscope manipulations or exacting aural tone inter-

pretations. An aircraft may be as much as 2000 to 2600 nautical miles from the
station and still receive reliable information. Whereas older electronic systems gave
poor and even unusable coverage in certain areas, Navarho affords complete
omnidirectional service. The accuracy of Navarho is excellent for general-purpose
navigation—correct to one-half degree in azimuth and one per cent in ';‘me.
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tion, which is also furnished by the Government for air navigational pur-
poses. In any event no special charts are necessary as in Loran navigation.

To obtain a fix, the method of crossed bearings from two or more
stations can be employed, but it is not at all necessary. With the Navarho
system one transmitting station can provide a fix. In addition to the Nava-
globe portion, which furnishes the azimuth information and thereby estab-
lishes the first line of position for the fix, the Navarho system is equipped
with Distance Measuring Equipment (DME), an electronic device employing
an extremely stable crystal oscillator. DME, in effect, measures the time re-
quired for a radio signal to span the distance from station to aircraft and
translates this information directly into a mileage reading. Thus the observer
in the aircraft knows he is somewhere on a circle centered on the transmitting
station and with a radius corresponding to the DME determination. This
circular line of position, when crossed with the directional bearing, estab-
lishes the fix. Since every circle intersects both ends of each diameter line
drawn through it, there are two possible fixes. This duplicity is referred
to as a 180-degree ambiguity. In the vast majority of instances the observer
already knows his approximate position and can readily eliminate one of the

possibilities.

Advantages of Navarho

The Navarho system possesses many advantages over differential-distance
systems and other directional systems. Because the azimuthal lines of position
are great circles they are useful—unlike the hyperbolas of Loran—as direct
flight paths or radio beams for trafic to follow. They all lead to or from
the ground stations. If these stations were located at or near the main termi-
nals of long-distance air routes, the lines of position would be direct, fixed
homing paths. Since Navarho displays its information on a direct-reading
indicator with a pointer, the pilot could easily “keep on the beam” by setting
an index mark along the dial at any desired bearing and steering to keep
the pointer aligned with the index. A differential left-right meter might be
added to give him corrective steering directions still more conveniently or
to guide an automatic pilot.

Navarho has eliminated or reduced drastically the three major draw-
backs of the Sonne system. The omnidirectional characteristic has been pro-
vided by a triangular base line. The correction charts have been eliminated
by providing more directions which are close to a perpendicular bisector,
reducing the separation between antennas and avoiding operation near the
ends of the lines joining the antennas. The noise has been reduced by a
noise-limiting circuit and by using very narrow receiver bandwidths. In
addition Navarho indicates azimuth visually rather than aurally as in the
Sonne system.

The expected accuracy of Navarho is one half degree in azimuth and
one per cent in range. Thus an airplane 1000 nautical miles from the station
will receive information accurate to within 10 nautical miles in any direction.
While this is not as precise as Loran, it is good enough for general-purpose
navigation. No ground-based, long-distance system is exact enough for pre-
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cision bombing or other special purposes. Navarho has been developed to
supply navigational aid information to an unlimited number of military and
civil aircraft flying long distances over areas devoid of identifying marks.

Navarho is fundamentally simple to use because it is direct-reading and
its charts employ simple radial and circular lines. The ground station can
be considered to be unattended. The airborne equipment is as small as
Loran equipment and eventually will be smaller. The ground equipment
will also be more automatic, hence simpler to operate. The system can be
operated by the pilot, and no separate navigator is necessary. This is an
important consideration for fighter aircraft. Because Navarho employs a
narrow bandwidth, together with certain other design parameters, it is much
less susceptible to interference from precipitation static than are other
systems. It has been outstanding in this regard.

Navarho affords complete 360-degree coverage, with no region of uncer-
tainty and a single 180-degree ambiguity. It is one of the first systems to
beam reliable information up to 2000 nautical miles in all directions, and
an effective range of 2600 nautical miles is entirely feasible. A single Navarho
station located in New York state can cover an area bordered by the Pacific
Coast of the United States on the west, the Azores in mid-Atlantic on the
east, the Arctic Ocean on the north, and the Gulf of Mexico on the south.
Thus an aircraft flying at high altitudes, above the altitudes normally used by
existing routes and airlines, could fly from the west coast of the United States
to the Azores without retuning or readjusting the equipment. The pilot could
obtain continuous indication of his position at all times with respect to the
ground station. For a jet traveling at 600 knots this would be guidance for
a flight of four and one-half hours.

Status

Navarho has developed to the point that a full-scale facility is being made
ready. A ground transmitting station is being installed at Camden, New
York. This station will be equipped with l5-kilowatt transmitters at each
of the three towers, with an additional transmitter in one of the towers used
for the distance-measuring transmission. The transmitters have been com-
pleted and are ready for installation. The ground control equipment that
maintains the equality of the radiated signal to close tolerances during the
bearing period is being developed and will be ready for installation in
November 1955. The DME crystal oscillator has been delivered and is being
further improved. Ruggedized units of it are scheduled for delivery in March
1956. This master timing unit, with a stability requirement of drift of not
more than one part in a billion for 12 hours, is one of the most accurate
timing devices in existence.

The radio-frequency unit has been completed. Only minor changes
are required to integrate it with the distance-measuring unit. The develop-
ment model of the bearing unit has also been completed. The Navarho
receiving equipment is constructed on the “building block” concept. That
is, the bearing-deriving portion of the receiving equipment can be used with-
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out any part of the distance measuring equipment being required. Failure
of the DME will not affect the bearing data. Addition of the DME will not
require any change in the bearing installation. This “block™ concept will
enable operational requirements to be met for a variety of flight conditions.
In addition an Arbitrary Course Computer, capable of taking the outputs
from Navarho, bearing and distance, and converting the information to
“course-to-fly and distance-to-go-to-destination,” is to be developed as part
of the Navarho facility. Flight tests have been performed, demonstrating
the feasibility of the techniques being employed for both distance and azimuth.
No attempt has been made as yet to miniaturize any of the airborne equip-
ment, pending completion of the field evaluation program. This program
is scheduled to start in November 1955 and to be completed by 1 January 1957.
It will cover all of the aspects of the equipment as an operating facility and
will determine whether Navarho is applicable as a world-wide facility.

Ir NavarHoO is able to live up to its promise, if it proves successful as a
long-range aid to world navigation, another battle will have been won in the
struggle to create an all-weather, global mobility for air forces. The signifi-
cance of Navarho resides in this fact: its development will afford aircraft,
whether peaceful or bent on a mission of retaliation, a freedom of operation
never before attained. Such an advantage could conceivably be decisive in
this nuclear age of global air power.

Air University Quarterly Review



The Royal Air Force

A Gallant Force Re-equips for the Jet-Atomic Age

Wine CommMmanDER M. H. LE Bas

of equal status with the Army and the Navy on 1 April 1918.

The establishment of the Air Force as a separate service was
due almost entirely to the foresight of a few men such as Churchill,
Smuts, and Trenchard. Even today the reports by the first two,
written at a time when most military thinkers could view air
forces as nothing more than “flying artillery” and the means
whereby land-locked army commanders could see “the other side
of the hill,” makes one marvel at the breadth of their vision. That
the R.A.F. retained its integrity throughout the turbulent period
of its growth to maturity was due almost entirely to the efforts of
one man, ably backed by a dedicated staff. That man was Tren-
chard and he it was who laid the firm foundations upon which the
R.A.F. was built.

The solidity of the foundations was to be proved in World
War II when the bare bones of an organisation devised in peace,
with no experience to fall back upon, successfully withstood the
imposition of a vast expansion without any major structural altera-
tions.

The soundness of the doctrine of a separate air power as dis-
tinct from land and sea power was of course borne out by the
resounding victory in the Battle of Britain. This doctrine enabled
the planners to put first things first and to concentrate the inade-
quate resources on winning the air battle first.

By the end of the war the position of the R.A.F. as a separate
service was unassailable. It is interesting to note that since that
time the governments of several other nations likewise have granted
independence to their own air forces.

THE Royal Air Force came into being as a separate service



The Role of the Royal Air Force

The role of the Royal Air Force has recently been re-defined
by the British Government. It is the primary task of the Royal Air
Force to build up the V-bomber force which is the main contribu-
tion the United Kingdom can make toward deterring a potential
aggressor armed with nuclear weapons. Should the deterrent fail,
the function of the bomber force is, in conjunction with our allies,
to make counteraction in war decisive in the shortest time, and to
contribute powerfully to the defence of the United Kingdom
against attack by sea and air and to the support of the allied front
in Europe.

It is also necessary for the Royal Air Force to deploy an effici-
ent fighter force backed by a highly developed control and report-
ing system for the direct defence of the United Kingdom.

The role of the overseas commands of the Royal Air Force is
described in greater detail below. The 2nd Tactical Air Force in
Germany is the main British contribution to N.A.T.O., and the
Middle East and Far Eastern Air Forces provide for the day-to-day
defence of our varied interests in those areas. They also maintain
the base organisation to operate reinforcements of bomber and
fighter squadrons and transport aircraft which the mobility of air
power can provide at short notice.

In the fulfilment of its role both for its hot war and its cold
war tasks the Royal Air Force has developed the fullest possible
co-operation with the other Services.

The world well remembers the Royal Air Force’s gallant victory over the Luftwaffe
in the Battle of Britain. But the RAF’s triumph in Britain’s desperate hour was
not won solely by fighter pilots. Since 1918, because such British leaders as
Churchill, Smuts, and Trenchard championed air power as distinct from land and
sea power, the RAF has held equal status with the Army and the Navy. In the Battle
of Britain the RAF vindicated the vision of these leaders by skillfully concentrating
inadequate resources to win the air battle and by completing a vast expansion
without major structural alterations. The British Isles, densely populated and
anchored forbiddingly close to Europe, have become even more dependent on air
power in the age of jet speeds and nuclear destruction. Wing Commander M. H.
Le Bas, a member of the staff of the School of Land/Air Warfare, describes the
RAF today. The RAF bases its offensive and defensive planning on the reality of
the United Kingdom's vulnerability to nuclear attack. It regards as its primary task
the build-up of the V-bomber force to deter a potential aggressor or to render deci-
sive counter action. Recognizing that air defense depends on warning and that
air retaliation depends on dispersal of offensive forces, the RAF’s air strategy
embraces the wide-flung Commonwealth and the sprawling base structure of NATO.



Organisation and Tasks

To fulfil its role, the R.A F. is organised in the United King-
dom on a functional basis. Bomber Command, Fighter Command,
Coastal Command, and Transport Command are the operational
formations. These are supported by commands responsible for
flying training, technical training, maintenance, and reserves. The
tunctions of all these commands are explained in their titles with
the exception of the last two. Maintenance Command is respon-
sible for the supply of all items of equipment from complete air-
craft to airmen’s clothing and also for aircraft repair. Home
Command, as well as dealing with the training of reserves, is re-
sponsible for the Air Training Corps—a voluntary organisation of
youths who will later be inducted into the Service either as regu-
lars or to complete National Service—and for providing parent
facilities for units that would otherwise have to be administered
directly by the Air Ministry.

Overseas, excluding Germany for the present, the R.A.F. is
organised on a geographical basis, the commanders being respon-
sible for all types of operations carried out in the areas of their
responsibility. The Middle East Air Force with headquarters at
Cyprus has a sphere of interest stretching from the Mediterranean
to South Africa and from Malta to the Indian Ocean. Some over-
lapping occurs in the Mediterranean with the various N.A.T.O.
commands in that area, notably in Malta where the R.A.F. is re-
sponsible for the air defence of this important N.A.T.O. base.

In the Far East the R.A.F.’s sphere of interest covers the area
from Ceylon, through South East Asia to Hong Kong on the coast
of China. Headquarters of the Far East Air Force is situated at
Singapore.

Bomber Command.

The R.A.F. War Manual states, very simply: “Since the basic
strategy of air power must be offensive, the bomber will be its
primary agent.” The layman, with his vision sometimes clouded
or obscured by events such as the Battle of Britain, is apt to lose
sight of this basic truth. It is safe to say, however, that those re-
sponsible for handling the affairs of the R.A.F. have never lost
sight of it. In the past, allowing for the initiative which is always
on the side of the aggressor, it may have been necessary to concen-
trate on the defensive to allow a breathing space in which to build
up the offensive power. Those days are over; the offensive power
must now be there and ready to strike from the outset.
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It has been argued that, the United Kingdom being a member
of N.A.T.O., the R.A.F. should concentrate its limited resources
on building fighters or guided missiles both for its own defence
and for the defence of N.A.T.O. nations with insufficient pro-
ductive capacity to provide their own. Responsible men in this
country, however, have never had any illusions that 100 per cent
effectiveness in air defence of these islands could be provided at
present or in the foreseeable future. Moreover the unpalatable
truth is that only a small number of thermo-nuclear bombs are
necessary to wipe out the British Isles for all time. The United
Kingdom is the ideal target for such weapons.

A strong bomber force is essential not only as a deterrent
against aggression and as a means to strike back in our own defence
and in support of our allies should the deterrent fail, but also to
reinforce and obtain respect for British views in the councils of
the world. The truth is that the British have never accepted the
role of a second-rate power to which they would surely be relegated
in the absence of some force behind their arguments.

The scientists have now provided extremely effective weapons
of destruction. The R.A.F. is just now beginning to introduce
into its Bomber Command the vehicle to carry the weapons and
thus enable it to perform its present tasks of reducing the weight
of air and land attack on Western Europe, including the United
Kingdom, and of countering and containing any threat to Britain’s
sea communications. The vehicle is the first of the so-called V-
bombers, the Vickers Valiant, a 4-engined jet bomber of conven-
tional design. It will be followed into service by more advanced
types, two of which have been developed, the delta-wing Avro
Vulcan and the crescent-wing Handley Page Victor. In the de-
velopment of more than one type of advanced medium bomber,
the R.A.F. has been justified by wartime experience, when its
most successful 4-engined bomber, the Lancaster, was developed
from an earlier twin-engined version which might well never have
been developed had it been decided prematurely to concentrate
upon a single type.

Since the war Bomber Command has been going through a
lengthy period of transition from a piston-engine force to an all-jet
force and from a visual-bombing to a blind-bombing force. The
Canberra, a twin-jet bomber of relatively short range, is presently
the main equipment, and with this aircraft the Command can
hardly be said to possess a truly strategic capability. This can only
come about when the Command is re-equipped with the new V-
bombers.
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Fighter Command.

Fighter Command has been an all-jet force since 1948. Until
very recently, it is true, this jet force has consisted of day fighters
whose basic designs were the result of Air Ministry specifications
laid down early in the last war. In the last few months, after dis-
appointing delays, the Command has begun to re-equip with a
first-class modern fighter of British design, the Hawker Hunter.
Prior to this, the most modern fighters operating in the Command
have been a relatively small number of North American F.86E
aircraft built and provided by Canada and the U.S. under the
Military Aid programme. Even so our fighters have been fully
able to deal with any offensive threat a potential aggressor was
capable of mounting at the time.

There are several reasons for the delays in the arrival of the
new fighters: some were the result of deliberate policy; and others,
such as the failure of the early marks of the Supermarine Swift
to meet performance expectations, were unforeseen. Some of the
problems encountered are discussed later.

Fighter Command’s task is to provide for the air defence of
the United Kingdom and the defence of coastal shipping within
its radar cover. The problems this raises are too well known to
need much emphasis. Probably the best that can be hoped for as
far ahead as can be seen is to make it as difficult as possible for a
potential enemy to attack the United Kingdom; to aim at a pitch
of efficiency to ensure that the enemy cannot penetrate the de-
fences without suffering heavy losses; to cause him to think twice.
All this to be achieved without devoting too many resources to an
organisation which at best may never provide complete protection
and, if it attempted to do so, might fatally weaken the striking
force.

Basically the problem of providing an efficient air defence
resolves itself into one of obtaining sufficient radar warning. How
Britain’s geographical situation affects this problem is best left
for Jater consideration.

Operational control of anti-aircraft gun defences has always
been vested in Fighter Command on the principle that there can
only be one air defence commander. Recently the British Govern-
ment has decided to disband the anti-aircraft gun defence of the
United Kingdom because it can no longer be regarded as effective
against the high-flying bomber. Operation of the surface-to-air
guided missile will be the responsibility of the R.A.F. and in the
United Kingdom this responsibility will be borne by Fighter Com-



Until recently, Fighter Com-
mand’s day fighters were those
built to specifications laid down
early in World War II. The Glos-
ter Meteor (top), the only Allied
jet aircraft to operate in World
War II, has served the RAF and
several other air forces since 1943.
Limited numbers of the famed
F.86E Sabre (middle), built in
Canada and supplied under the
U.S. Military Aid program, are
now in service with Fighter Com-
mand and with some squadrons
of the 2nd Tactical Air Force in
Germany. The popular de Hauil-
land Vampire (bottom) was the
first aircraft in Britain or Amer-
ica to exceed 500 mph by a good
margin over a wide altitude
range. The first Vampire flew in
1943; by 1951 thirteen different
countries had put the Vampire
into service. The RAF adopted
fighter, night-fighter, and fighter-
bomber versions of the Vampire.
Also the naval version was the
first jet aircraft to land and take
off from the deck of an aircraft
carrier. Although still in serv-
ice with a few overseas squad-
rons of the RAF, Vampires are
being replaced by Venom F.B.I's.
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mand. The days of the manned fighter are beginning to draw to
a close, but people who should know do not foresee its complete
disappearance for many years to come and certainly not before
1965.

A new all-weather fighter, the Gloster Javelin, is about to be
brought into service to replace the Gloster Meteor and de Havil-
land Vampire and Venom night fighters. In the future, great hopes
are held for the most recent English Electric fighter, the so far
unnamed P.1 which first lew in the summer of 1954 and has ex-
ceeded Mach 1 in straight and level flight.

Although RAF Fighter Command has been an all-jet air force since 1948, only re-
cently has this force been equipped with first-class, modern fighters. Three of
England’s newest fighters appear below. The de Havilland Venom N.F.2 (top right)
is one of a series of Venoms developed from the Vampire and tailored to the new
Ghost turbojet engine. The N.F.2, a two-seat night fighter carrying the latest
airborne intercept radar, is in service with Fighter Command in place of the Vam-
pire N.F.10. The Gloster Javelin F.(A.W.)I (bottom left), the world’s first twin-
jet delta aircraft, is now in “super priority” production for the RAF. Powered by
two Armstrong-Siddeley Sapphire tur-
bojet engines, the Javelin carries a
crew of two and the latest radar inter-
cept equipment. The armament of
the Javelin is reported to be four 30-
mm. cannon, plus air-to-air missiles.
In recent months Fighter Command
has begun to re-equip with another
modern fighter, the Hawker Hunter
F.2 (below right). The Hunter is a
single-seat interceptor, powered with
an Armstrong-Siddeley Sapphire tur-
bojet engine. Level-flight speed of
Javelin and Hunter exceeds Mach 1.
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Coastal Command.

Coastal Command, which, were it not for tradition, might be
more aptly named Maritime Command, is responsible for close
co-operation with the Royal Navy in keeping the sea lanes open

and denying their use to the enemy.
The Command is at present equipped with a mixed force of

land-based aircraft—the Avro Shackleton and the Lockheed Nep-
tune—and flying boats—the Short Sunderland. One of the un-
pleasant and inescapable facts which face those responsible for
planning the defences of the United Kingdom is that this country
relies for its very existence on the importation of vast quantities
of food and raw materials, variously put at between 40 and 50 mil-
lion tons a year. There does not appear to be any substitute to
bringing these huge tonnages in by sea. This operation presup-
poses that command of the sea communications is not lost to the
enemy. Today Coastal Command’s main effort is devoted to de-
vising ways and means of countering the main threat to this

The principal duty of Coastal Com-
mand is to work with the Royal
Navy to proteci the sea lanes from
blockade that would threaten the
importing of the vast quantities of
food and raw materials on which
the United Kingdom depends for its
existence. This task requires aircraft
of maximum endurance, good ma-
neuverability, and the ability to
carry a varied and useful load of
weapons. The Command is now
equipped with two varieties of land-
based aircraft, the U.S.-built Lock-
heed Neptune (top right) (U.S. Navy
designation P2V-5), a long-range pa-
trol bomber powered by 3250-hp
Wright Turbo-Cyclone engines, and
the Avro Shackleton (bottom), pow-
ered by four of the 2450-hp Rolls-
Royce Griffon 57 piston engines.




In addition to land-based aircraft
Coastal Command s equipped
with a flying boat, the Short Sun-
derland (left). The Sunderland,
famous for its World War II rec-
ord on antisubmarine and convoy-
escort duties, is also celebrated for
its postwar activities in the Brit-
ish North Greenland Expedition
and its role in the Korean War.

country’'s sea communications, the submarine. At present the
characteristics to be aimed for in anti-submarine aircraft would
seem to be maximum endurance and good manoeuvrability, with
the ability to carry a useful weapon load more important than
sheer speed. Thus an aircraft of conventional design with a reason-
able speed range and driven by either piston or turbo-prop engines
is probably the most useful. Doubtless, however, the last has not
yet been heard from the enthusiastic proponents of the flying boat.

Transport Command.

The function of Transport Command is the strategic move-
ment of men and materials to overseas theatres and the provision
of transport support for the Army by means of airborne operations,
air transported operations, or air supply.

Since 1945 a policy of putting first things first, dictated not
only by common sense but also by the economic situation, has
depleted Transport Command to the point that it now consists of
a relatively small number of Vickers Valetta and Handley Page
Hastings aircraft. This force has been occupied with maintaining
scheduled services to overseas commands, transportation of V.I.P.s,
and keeping alive the techniques of transport support in co-
operation with the Army. In an emergency it would be supple-
mented as necessary by the available resources of British civil air
transport. Under normal conditions chartered civil aircraft fly a
very large mileage annually on air trooping and air freighting
tasks, for which it is intended to introduce modern aircraft such
as the Viscount and the Britannia during the next few years.

A number of four-engined Blackburn Freighters, to be called
Beverleys by the R.A.F., have been ordered, and the first of these
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will soon be in service with Transport Command. Recently a
decision has been made to equip the Command with a number of
De Havilland Comet II jet transport aircraft. With these aircraft
the Command will be able to gain valuable experience in the oper-
ation of jet transports in readiness for the arrival of the Vickers
1000. The introduction of the latter type should enable the Com-
mand to provide true strategic mobility, not only for the Air Force
but also for the Army’s Strategic Reserve, so important a factor in
countering outbreaks of the cold war.

Like most of the RAF, Transport Com-
mand has felt the stern pinch of Brit-
ain’s postwar austerity. It now has a rela-
tively small number of aircraft, and
chartered civil aircraft perform many
of its functions. Recently Transport
Command has ordered a number of four- ‘
engine Blackburn Beverley C.1 freight-
ers (right), which will soon be in service.
The Beverley, with a payload of 29,000
pounds, has a range of 1300 miles. The
fuselage i1s designed to permit vehicles
to drive in through the twin doors at
the rear. At present the mainstays of
Transport Command are the long-range
Handley-Page Hastings (below) and the
twin-engine Vickers Valetta (below,
right). Hastings transports participated
in the Berlin Airlift in 1949. Coastal
Command also uses a version of the
Hastings for daily weather reconnais-
sance flights over the North Atlantic.




Despite limitations on its expansion
since the close of World War 11,
Transport Command looks forward
to the introduction into service of
England’s newest designs in the
transport field. During the next
few years Transport Command ex-
pects to acquire such modern turbo-
propelled craft as the Bristol Britan-
nia (above) and the Vickers Viscount
(left) to carry out air trooping and
air freighting duties which are now
handled by chartered civilian air-
craft. The Britannia, a long-range
transport with four Bristol Proteus
turboprop engines, can attain a maximum speed of 400 mph. The civil version, the
Britannia 100, which is now in production for British Ouerseas Airways, can fly
3000 miles at 350 mph. The Viscount is a medium-range transport, powered by four
1530 ehp turboprops, with a maximum speed of 370 mph. The civil version, now on
order for at least eight airlines, can accommodate- between 40 and 48 passengers.

Reconnaissance.

No review, however brief, of the Royal Air Force can be com-
plete without reference to the supremely important task of recon-
naissance. It has been estimated that about 80 per cent of all
usable intelligence in the last war was obtained from photographic
reconnaissance. The successful outcome of all other types of air
operations will depend in the first instance upon adequate recon-
naissance and nothing but the best available type of aircraft can



Transport Command also looks forward to integration of the newest designs in jet
transport and expects soon to be able to provide true strategic mobility for both
the Air Force and the Army. In anticipation of the Vickers 1000 (top), the proto-
type of which is now under construction, Transport Command has ordered a num ber
of de Havilland Comet II jet transport aircraft (below). The Comet I, a dertva-
tive of the first turbojet airliner to be awarded a certificate of airworthiness,
has a range of 2600 miles at 500 mph and will cruise at 40,000 feet. The Vickers
1000 is a transport version of the Vickers Valiant B.1, a long-range jet medium
bomber now in quantity production for RAF Bomber Command. The V.1000 will be
powered by four Rolls-Royce Conway jet engines of 11,500 pounds static thrust each.

be considered suitable for the job. Whether this country could
ever afford to design and produce an aircraft with reconnaissance
specifically in mind is doubtful, but of the new aircraft about to
be introduced the earliest versions will undoubtedly include some
specially modified to carry out photographic reconnaissance.

In the U.K. at present the reconnaissance force forms part of
Bomber Command and consists of English Electric Canberra air-
craft. Allocation of priorities to photographic reconnaissance tasks
is vested in a special inter-service committee in the Air Ministry.
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Overseas Commands.

The 2nd Tactical Air Force in Germany is the British com-
ponent of the 2nd Allied Tactical Air Force which also consists of
Belgian and Netherlands units. This force is the R.A.F.’s major
contribution to N.A.T.O. Its main task is to carry out operations
in furtherance of the theatre air plan, and its secondary task to
take part in joint land/air operations with Northern Army Group.
The Command is at present equipped with the majority of the
F.86E aircraft provided by Canada and the U.S.A., with De Havil-
land Venoms, Meteor all-weather fighters, Canberras and Meteors
for reconnaissance, and Canberra bombers. Canberra interdictors
will join the Command this Summer.

The main function of Middle East Force is the development
of bases within its area to enable the R.A.F. to expand and utilise
to the full extent its flexibility in time of war. Of course the Com-
mand has other functions, and it is presently engaged in redeploy-
ment consequent upon evacuation of the Suez Canal Zone. In
Kenya it is assisting the Army to subdue terrorism.

In the Far East the R.A.F.’s main task at present is support
of the Army in the fight against the Communists in Malaya. This
is a truly joint operation, and the Air Force is providing both of-
fensive and transport support in that area. This Command also
includes air headquarters at Hong Kong, consisting chiefly of a
fighter force for air defence of that base.

Re-equipment Problems.

Considerable disappointment has been experienced in the
R.A.F. with the delays in delivery of new aircraft. Until the arrival
in recent months of the Hunter in Fighter Command, all the
operational aircraft in service were variants of aircraft produced
from specifications issued in the last war. The most modern air-
craft, the Canberra, was designed as far back as 1944.

At the end of the last war, two choices were open to the R.A.F.
The first was to follow the traditional, safe policy of re-equipment
in short steps by introducing new aircraft at comparatively short
intervals. The second choice was to carry on with obsolescent air-
craft and to concentrate the very limited research and design ca-
pacity on producing radically new types of aircraft which could
not come into service for a considerable time—about ten years.
The decision was made to follow the second course, and it is not
difhcult to see why.
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Looking back to the time immediately after the last war, it
was inconceivable to most people that the world would be in a
fit state to wage another major war for many years to come. More-
over Great Britain emerged from the last war virtually a pauper.
She had literally to export or die, and the greater part of the
nation's resources in manpower, technical “know how™” and raw
materials was devoted to the export programme. By the same token
the amount of money likely to be forthcoming for the Services,
judging by wartime standards, would be strictly limited. Thus the
decision to follow a “leap-frog” policy as opposed to one of short
steps can be seen for what it was: a calculated risk based on a
reasonable assumption reinforced by hard economic facts.

The result of this policy has been the obvious one that the
R.A.F. has missed a whole generation of aircraft. It is now ad-
mitted that the problem facing aircraft designers who were called
upon to solve intricate aerodynamical problems without enough
experience to fall back upon was not sufhiciently appreciated at the
time. Neither were their problems alleviated by the decision to
carry out supersonic research in unmanned instead of manned air-
craft. Thus the policy of “super-priority” for military aircraft put
into force after the Korean outbreak found an aircraft industry
unable to take full advantage of its priority for lack of the requi-
site experience. Recently the British Government has decided on
a policy of short steps in the introduction of new aircraft.

Influence of Geography
on Air Strategy and Tactics

In an article of this scope it is obviously not possible to do full
justice to a subject about which much has been written by far
abler pens. Nor is it the intention to become involved in a fruit-
less discussion of the difference between strategy and tactics. Suf-
fice it to state some basic geographical facts and show how they
might influence the offensive and defensive thinking of the R.A.F.

The British Isles are located off the northwest coast of Europe,
the distance separating the two being a little over 20 miles at the
narrowest point. The British Isles also lie at the centre, though
not of course the geographical centre, of the Commonwealth. A
glance at the map will show that the countries and colonies which
comprise the Commonwealth are strung around the world and
round the continent of Eurasia. These two facts, in some ways
conflicting, have coloured British strategic thinking for centuries.

A vociferous minority of “Empire firsters” would have the
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United Kingdom extricate herself tfrom all European commit-
ments and dedicate herself to the single aim of strengthening
Commonwealth economic and, presumably, military ties. Un-
fortunately these people overlook the lessons of history and deny
the facts of geography. In the past, England has always opposed
the emergence of a single dominating power in Europe if only
because of the menace such an occurrence would be to her own
economic position. In all the European wars in which she has
been embroiled she fought for one over-riding principle, the main-
tenance of the so-called balance of power. However much she may
have wished it, therefore, England was never able to divorce her-
self from Europe. ’

Since the 1914-18 War Great Britain has been irrevocably
wedded to European commitments but for a different reason. The
planner’s nightmare since that time has been a vision of the north-
west coast of Europe occupied by a hostile power in possession of
a strong air force. This nightmare became a reality in World War
IT but fortunately was not taken to its logical conclusion by an
enemy who did not fully understand the use of air power.

The reason for this nightmare is not hard to see. Air defence
depends upon radar warning and precious little radar warning
could be obtained on aircraft operating from the other side of the
English Channel. Today the problem is more complicated. The
potential enemy is still in Europe, but the greatly increased speed
of modern thermo-nuclear weapon carriers means that much more
radar warning is necessary. Time is of the essence; time to inter-
cept or time in which to order off one's own retaliatory force.
Improving the organisation and increasing the efficiency of the
equipment will reduce these times by only a certain minimum.
The United Kingdom must buy more time with space. The fron-
tiers with the potential enemy must be pushed and held as far
away from these islands as possible. This cannot be done in Europe
without allies.

As mentioned earlier, the R.A.F. can no longer hope to defend
the United Kingdom by adopting a purely defensive strategy. In
fact this was never so, since maintenance of the offensive has
always been the over-riding consideration in formulating an air
strategy. The British Isles, which have been likened to an enor-
mous aircraft carrier firmly anchored off the coast of Europe, are
not, by their very smallness and the consequent concentration of
their industry and population, an ideal place from which to con-
duct a modern strategic offensive. The Commonwealth offers the
space necessary for dispersion and at the same time, by menacing
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the enemy from all quarters of the globe, forces him to spread his
defences. Of course the mounting of an air offensive from world-
wide bases presupposes well-prepared bases and adequate air
transport.

The Commonwealth air bases, particularly in the Far East,
have an important role in the strategy and tactics of the cold war.
Outbreaks in this war may well have to be countered by conven-
tional forces, and the ability to deploy these forces rapidly by air
transport may make the difference between victory and stalemate
or worse.

Probably sufficient has been said on the subject of air strategy
to show that national strategy and air strategy are now one and the
same. The unalterable facts of geography dictate the strategy that
must be adopted. Whereas in the past Great Britain’s strategy has
been based on sea power, so today it is based on air power. Air
strategy has become the dominant strategy.

N.A.T.O. Obligations

The R.AF.s N.A.T.O. obligations follow naturally from
British strategical considerations. Had N.A.T.O. never been con-
ceived, Britain would have been forced to enter into some other
alliance for self-preservation, if for no other reason.

By far the greatest R.A.F. contribution to N.A.T.O. is the
Tactical Air Force based in the British Zone of Germany. Nu-
merically the R.A.F. 2nd Tactical Air Force is the strongest single
N.A.T.O. tactical air force in Europe.

Although no R.A.F. forces are deployed in either Allied Forces
Northern or Southern Europe, there is R.A.F. representation on
the Air Force staffs of these commands. The present Commander
of Allied Air Forces Central Europe, Air Chief Marshal Sir Basil
Embry, is one of the R.A.F.’s most distinguished officers, and he
has as many British officers on his staff as there are on the staff of
the Supreme Allied Commander Europe.

Coastal Command of the R.A.F. has also considerable
N.A.T.O. obligations. The Commander-in-Chief of that Com-
mand, Air Chief Marshal Sir John Boothman of Schneider Trophy
fame, also doubles as Air Commander-in-Chief, Eastern Atlantic.
The operations of Coastal Command in the Atlantic are closely
inter-related with the maritime air operations of the U.S.A., Can-
ada, France, Belgium, and the Netherlands. The R.A.F., in con-
sequence, is also represented on the staff of the Supreme Allied
Commander Atlantic at Norfolk, Virginia.
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In less than the span of a man’s life, the R.A.F. has grown
from a few aeroplanes made of fabric, glue, and piano wire to
become the dominant weapon of the British Services. World War
IT proved the soundness of the policies of those responsible for
building up the strength of the R.A.F. Given the right equipment,
it is up to the present generation of officers and men to prove that
the faith of the country in the ability of the R.A.F. to do its job
once more has not been misplaced.

Royal Air Force School of Land/Air Warfare



Aircrew Training

in the Atomic Age
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Army Air Corps was primarily a training organization. The

formation of the GHQ Air Force was a first attempt to
create an Air Force-in-being, with an instant potential for combat.
However this was a very small organization, and its high level
of experience was quickly dissipated in the expansion of 1940
and 1941. As the sense of emergency grew, that expansion very
rapidly diluted available experience until few, if any, units
possessed any real readiness for combat. Fortunately we had a
cushion of space, provided by our geographical isolation, and a
cushion of time provided by our allies, notably Great Britain.
There was time enough, though it did not seem enough then, to
train the new units to an acceptable degree of proficiency before
they had to be committed to action.

It is a commonplace statement that we no longer have either
a cusnion of time or of space. The increased range and speed of
aircraft, and the vastly increased destructiveness of their arma-
ments, have eliminated both. Not only will a future major war
be fought immediately with the forces available on D-day, but
also the ultimate decision will probably be achieved by those
same forces. For these reasons the Air Force program is built on
a requirement for combat readiness. All the 137 wings in the
program are intended to be first line, with a real and instant
readiness for specific combat tasks in accordance with established
war plans. The only major element not specified in these plans
is the actual date of D-day.

I do not mean to imply that our tactical units are not at all
times engaged in training. They are constantly striving to increase
the capabilities of their weapons and their crews in every way
possible. Their training is designed to keep them in shape for
battle. 1 do mean that their attention is focused on the job they
would have to do in wartime and that their training is limited
by the necessary assumption that any day may be D-day.

BEFORE World War II every tactical organization in the
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Unfortunately our first-line units are not immune to the
turnover that must exist in the armed forces of a democratic
country. They suffer their share of losses of highly skilled per-
sonnel. Replacement of these losses is a problem of real concern.
It is a problem that is intensified by the increased complexity of
the newer weapons systems. As the job has become more urgent
it has also become more difficult. Every training problem sooner
or later requires compromise between quantity production and
quality production. It is one of the major tasks of the Air Train-
ing Command to produce pilots and observers, trained to estab-
lished performance standards in sufficient quantity to meet the
needs of the Air Force program. If quantity were the only
problem, it would be simple to send these people directly into
the major commands. If it were not for the D-day requirement of
the major commands, qualitywise, these people eventually could
be trained up to meet the requirements. The quality requirements
of first-line crews in ADC, SAC, TAC, and overseas commands,
however, can no longer be met by young graduates of our basic
flying schools. If the Air Force possessed what might be called
second-string units to which these young graduates could be
assigned for further training and seasoning, it would be possible to
create a pool of highly qualified replacements for the major com-
mands. But here again all the Air Force combat units are first-
line units. The creation of other units would require a further
increase in the over-all size of the Air Force that at the moment
hardly seems probable.

These considerations plus the needs of the Korean conflict
led some three years ago to the creation of the Crew Training Air
Force in the Air Training Command. Its purpose is to provide
the realistic combat-type training which will qualify a newly rated

When the Air Force established 137 wings as the minimum needed for the nation’s
security, it did so with the knowledge that this minimum force would have to bear
the brunt of any future war. All wings must be first-line, combat-ready wings.
With weapons systems becoming increasingly complex and with new wings being
formed at a time when the world situation would not allow the gutting of operational
wings to provide cadres for the new wings, Air Training Command stepped into the
breach by extending its training to include crew training. In contrast to the old
system whereby the pilot, navigator, or bombardier received realistic combat train-
ing only after assignment to an operational unit, Air Training Command now
develops a combat-capable crew which with very little additional training in the tac-
tical unit can be brought to combat readiness. Brigadier General Cecil E. Combs,
Deputy Commander, Crew Training Air Force, describes the new program.
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pilot or observer to fill a crew position in a combat cockpit. As
we translate this mission, it becomes one of teaching the aircrew
member to employ his airplane as a weapon. The pilot grad-
uate, for example, has demonstrated his ability to fly. It is the
crew-training task to teach this young pilot how to use a combat
airplane—fighter, interceptor, bomber, or transport—to do a com-
bat job, a combat job expressed in terms of specific goals. We
have learned by observation and analysis what skills we can teach
in about what period of time. In some instances we have of
necessity had to turn out combat crews whose over-all experience
was less than that which we considered optimum. In general, how-
ever, the courses reflect the attainment of realistic performance
standards. The people at Luke and Nellis Air Force Bases, for
example, know what a fighter pilot in a fighter-bomber organiza-
tion has to do. Their courses are designed to give him practice
in doing these things, and their standards of performance require
that he demonstrate his ability to do these things.

The analysis of the progress of thousands of students has
enabled us to form a pretty good approximation of the average
curve of learning of the average student under these realistic con-
ditions. By evaluating demonstrated performance against progress
through each course, we have been able to arrive at what we think
are realistic quality goals. The guiding principle has been one
of seeking a balance between those things which a student can
learn quickly in a training situation and those other things which
he can only eventually learn in the combat organization to which
he is assigned. Admittedly this balance is a matter of professional
opinion. As our people express it, it represents the difference
between a “combat-capable” crew and a “‘combat-ready” crew.
The objective—this combat-capable crew—is a graduate who knows
his own capacities and limitations and those of his airplane and
who can with very little additional indoctrination in the tactical
organization fill a combat-ready cockpit job.

It must be obvious that effectiveness in meeting this objec-
tive is sometimes difficult to measure. For one thing the standards
themselves may from time to time be either too high or too low.
This can only be settled by constant review between the staff and
bases conducting crew training and the commands that receive
the graduates. As new weapons systems or new experience with
old systems result in new tactical methods and capabilities, these
things must be made known to us and immediately reflected in
our courses. Every new situation requires a new compromise
between the degree of excellence we would like to set as a standard
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The student pipeline into CrewTAF flows from civilian life to Technical Training
Air Force for pre-flight training and then through Flying Training Air Force for
primary and basic flying training. The pipeline includes nonrated Air Force appli-
cants for flying training as well as trainees from nations in the Mutual Defense
Assistance Pact. Students also come directly from major operational air commands
for transition or refresher training in the most modern combat aircraft or for
training in advanced survival techniques. Selected Army, Navy, and Marine officers
also attend the survival courses. CrewTAF graduates are assigned to the opera-
tional commands, and foreign students return for duty in their own military forces.

and the demands of an Air Force program that the cockpits be
filled. The time factor, for reasons both of economy and of pro-
gram balance, is inescapable, and always limiting.

The other difficulty in evaluating our effectiveness springs
from the fact that the ability of the graduate crews takes some
time to show itself. Students in a controlled training situation
can be evaluated. For instance, Luke and Nellis can give a man
110 hours of jet fighter time in a specified course, and he can
demonstrate the skills that he has learned. In this same period
of time they cannot, unfortunately, give him the judgment that
comes only from years of experience. Consequently tactical
squadron commanders find that it takes them a considerable
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amount of time to discover the strengths and weaknesses of these
graduates, especially as their performance is not only a matter of
flying skill but also one of maturity as officers. A close liaison is
maintained with the tactical units and major command head-
quarters in order to solicit criticism of the results of our training.

The only way to deal with all of these problems involving
professional judgment is to use people with adequate professional
experience. There is no magic in the training methods of the
Training Command. The basic training technique is one of

The “student curve of learning” illustrates the measure of student proficiency
against flying training hours. The phases of training proficiency shown are the most
realistic that can be designed along the curve. The transilion phase is the minimum
amount of flying training normally provided in the basic operation of the aircraft
as a vehicle. Transition is followed by weapons familiarization with the operational
systems of the aircraft: sights, guns, radar equipment, bombs, rockets, etc.
The student will have operated the systems in an aircraft or synthetic training
device but not sufficiently to attain a specific level of proficiency. During the
combat-fundamentals phase he is given enough practice to reach and demonstrate a
specified degree of proficiency in all phases of use of the aircraft as a weapon.
To become “combat capable” he must next repeatedly practice with real equipment
in training situations closely paralleling the operational job to which he will be
assigned. Theater and unit indoctrination training in an operational combat unit
finalizes his training to the state of combat readiness. Identical definitions
describe comparable phases of training in the interceptor curve of learning.




Instructor Selection

Standard instructor qualifications are established for
each crew training course of instruction. For example,
the following are the requirements for an instructor to
be assigned to the Fighter Training Complex:

Mandatory:
Flying time:
750 hours, including:

500 hours in jet-type aircraft, and
100 hours in the aircraft of instruction

Desired, but not mandatory:
Special training:
(1)  Graduation from the advanced flying school of the course of
instruction

(2) Graduation from a Central Instructor Course
(3) Graduation from the Fighter Weapons Instructor School

Personal characteristics:
(1) Ability to speak distinctly and express clearly
(2) Maturity of judgment and judicious responsibility
(3) Desire to be an instructor

Combat Background

demonstrating the job that has to be done. This requires a corps
of instructors who have a great deal of tactical experience. While
maximum use is made of all types of training aids, the training
methods boil down to the personal association between an instruc-
tor and the student. The instructor, usually a combat veteran,
knows the job thoroughly, demonstrates the job, and then coaches
the student into a capability of similar performance.

It is fortunate that this combat experience has been available
because in many instances it has been difficult to get specific
requirements from the tactical units. The need does exist for
even closer liaison with the using commands. Part of this gap has
been filled by annual symposia in which the tactical experts in
each field assemble to discuss their particular problems. As new
and higher performance aircraft enter the picture, it has been
necessary likewise to establish close liaison with the testing
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agencies. At the moment ATC is involved in the development of
training methods for the F-100, F-101, and F-102, after a long
period of collaboration with the testing agencies in the develop-
ment of these airplanes. This liaison will continue, because one
has never truly got the bugs out of an airplane until it has been
subjected to the rapid rate of operation that only a training
situation can generate in peacetime. For the same reasons the
integration of a new aircraft forces a periodic reconsideration of
its ractical development as we become better acquainted with its
capabilities and limitations.

This is a general picture of the place of crew training in
the Training Command. There are other ways in which Air
Training Command could organize to accomplish this mission
but the important thing is the mission and not the organization.
Now perhaps a better idea of the way in which the mission is
being accomplished may be given through a description of the
bases themselves, their physical resources, and their typical courses

of training.

Some Physical Characteristics

The nine crew training stations conduct thirty-five major
courses of instruction. With a near constant load of 2000 students,
these courses yield 18,000 graduates a year, an annual production
of 6000 pilots and observers for aircrews, 1800 instructor pilots,
instrument pilots, and senior officers, 1200 aircraft controllers, and
9000 special-weapons and advanced-survival students. Aircrew
courses last from two and one-half to four and one-half months.

The bases cover nearly 8 million acres, including 6 million
acres of open country, desert, and mountain ranges maintained for
firing and bombing ranges and maneuver areas and another mil-
lion and a half acres for advanced survival training. These ranges
are the performance laboratories for the development of the
trainee's individual skill.

Approximately 1600 aircraft are assigned to the crew training
mission, of which 90 per cent are jets. They include over 500
first-line fighters, approximately 150 bombers and 28 transports,
some 255 interceptors, over 500 two-place jet trainers, and about
200 support aircraft for rescue, target towing, and administrative
flights. Of the total assets of approximately one billion dollars,
60 per cent is invested in aircraft, which provide 700,000 flying



An F-84 makes a firing pass on the ground gunnery range at Luke AFB. CrewTAF
maintains six million acres of ranges over open country for practice of strafing,
bombing, rocketry, special weapons delivery, and combat tactics, an area larger
than New Jersey, Rhode Island, and Delaware combined. Daily over these vast areas
atrcrews practice the maneuvers and firing that train a combat-ready Air Force.

hours annually. This flying time is greatly supplemented by the
almost constant operation of 132 flight simulators.

The crew training mission requires more than 40,000 men:
3500 officers, 32,000 airmen, and 5000 civilians. About 1600 of
the assigned personnel are instructors, who are supplemented by
more than 200 highly qualified training supervisors. The experi-
ence of our instructors is extremely high. Almost all are combat
veterans, many of them veterans of both World War II and
the Korean War.

Instructor proficiency may be illustrated by the performance
of teams from the crew training bases in the annual Air Force-wide
gunnery and interceptor meets. Last year the fighter-bomber team
from Nellis and the interceptor team from Moody won the Air
Force championships. Some complaints have been noted from
the tactical units at competing against the “‘pros,” but most feel
that they want to compete against the best, and that the Air Force
should profit from setting the highest possible standard of weapons
proficiency. To accomplish this and still make the competitions
as fair as possible, ATC this year decided to eliminate from the
meets the instructors in the Fighter Weapons Instructor School
and the Interceptor Weapons Instructor School. Even so, our
teams outscored last year's teams in this year's intracommand
meets, in which Luke AFB earned the right to represent ATC in
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the Special Weapons Meet, Nellis in the Day Fighter Meet, and
Perrin in the Interceptor Meet.

The number of instructors required in various aspects of the
crew training programs varies according to the degree of person-
alized instruction required. Experience has shown that high-
quality flight-line instruction in our fighter programs (F-84 and
F-86) can be given to three students by one instructor but that
interceptor flight training (F-86D, F-89D, and F-94C) requires
one instructor for two students. For conventional bomber (B-29)
and transport (C-119) flight training one instructor can give
quality training to two crews, but for jet bomber flying training
(B-47 and B-57) one instructor is required for each crew. Academic
or ground school classes are usually limited to 20 students per
instructor for maximum effectiveness.

Operating costs of the crew training bases are $216 million
annually, of which 33 per cent is expended for student instruc-
tional purposes, such as aircraft fuel, ammunition, training aids
and equipment, school supplies, and salaries of instructors and
supervisors. Another 33 per cent is devoted to the maintenance
of aircraft employed in aircrew training and 14 per cent to the
maintenance of runways, grounds, and buildings. The per-student
cost of the average aircrew flying course of instruction, counting
the salary received by the student while attending, 1s about
$20,000. This does not include such major items as the initial
cost of the aircraft or its depreciation.

The crew training resources of ATC also constitute a stand-by
reinforcement for emergency, when our firepower becomes avail-
able to augment Air Defense Command, Strategic Air Command,
and other operational commands. Since the crew-training bases
are equipped with first-line combat aircraft manned by expe-
rienced, combat-wise instructors, their power to reinforce other
commands in time of emergency is not inconsiderable. A great
part of the training dollar is thus ready for direct use in national
defense.

Crew Training Functions

The aircrew training functions are divided into three
“complexes™ in which fighter, interceptor, and bomber and trans-
port training is conducted. The Fighter Complex stemmed from
an urgent need for current combat-ready fighter pilots for replace-
ments in combat units committed to the Korean War. Nellis Air



48 AIR UNIVERSITY QUARTERLY REVIEW

Force Base was selected to train graduates of basic single-engine
schools and a limited number of experienced pilots in the employ-
ment of first-line fighter aircraft as weapons. As the tempo of
operations increased in Korea, Luke Air Force Base was added,
and when during the same time the USAF assumed the training
of the major portion of fighter pilots of foreign units obligated
to NATO, a third base, Laughlin Air Force Base, completed the
complex. The Interceptor Complex also has three bases, Tyndall,
Perrin, and Moody, for training in employment of the F-86D,
the F-89D, and the F-94C. The Bomber and Transport Complex
operates on two bases, McConnell and Randolph, to train pilots
and other aircrew members in the multi-engine B-47, B-57, B-29,
and C-119 aircraft. Its courses fulfill the two essential training
requirements of assisting a major air command in converting its
operational units to new model equipment or of providing transi-
tion training in combat-type equipment for newly graduated pilots.

The Fighter Complex

Since the beginning of fighter combat training the objective
of all courses has been to provide maximum training utilizing first-
line fighter aircraft, consistent with the number of aircraft avail-
able and the number of pilots required to be trained. Originally
each base within the complex was to conduct a straight-through
course in first-line fighter aircraft, which included all phases of
fighter gunnery. Enough fighter aircraft were not available, and
an air-to-air gunnery range for one of the bases was not obtainable,
so that the plan had to be modified. Nellis Air Force Base con-
tinued to operate with F-86’s according to the original plan, but
at Laughlin and Luke the effort has been made to produce
qualified fighter pilots while utilizing two different aircraft. At
the present time four courses are taught to meet requirements
established by USAF. Two courses provide 80 hours of flying
training in 60 days. One combines T-33 flying with the F-86 and
the other the T-33 with the F-84. The other two courses provide
110 hours of flying training in first-line fighters in addition to
40 hours pre-combat training in the T-33. These straight-through
courses are 120 days long, with entries every ten days in all courses.

Selection of students for each of the four courses is in accord
with USAF policies as to each pilot’s status and with his eventual
destination upon completion of his training. The F-86 and F-84
straight-through courses are restricted to USAF students who will
fill cockpit positions in USAF tactical units. The 80-hour F-86
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The F-86 Straight-Through Curriculum

I. Flying Training 3. Critique 127
Total hours: 427 4. Synthetic instrument
. trainer (C-11) 15
1. Briefing 175
2. Flying T-33 F-86 110 1I. Academic Training
& erentatlon agg Total hours: 140
instruments 10 ;
(1) Field 1. Aircraft general 20

2. Armament and
fighter gunnery 24

3. Tactical operations 10

orientation 1
(2) Instruments 9
b. Tactical traini 100
acpll_ca Ta‘mmg 4. Physiological
(1) Transition indoctrination 2

11 ight 11
@) é’orlr?ll::i::lg] ) 5. Celestial navigation 10

(1 hour night) 8 6. Aircrew spec':ia'I
(3) Air-to-ground weapons training 64
gunnery 23 7. Flying safety 10

(4) Air-to-air gunnery 36
(5) Tactics 22

course was developed for Air National Guard students who will
return to their units. The 80-hour F-84E course is normally filled
by NATO students.

All courses of the Fighter Complex contain five basic phases
of training: (1) transition, including acrobatics; (2) tactical forma-
tion flying; (3) air-to-ground gunnery, with all fighter weapons
systems, including guns, rockets, bombs, and spec1al weapons;
(4) air-to-air gunnery; and (5) tactics, including missions requir-
ing search and attack of typical enemy targets such as airfields,
railroads, gun emplacements, and convoys. Tactics also includes
fighter-versus-fighter practice with the gun camera in simulated
air combat.

The Interceptor Complex

Although conducted in dissimilar aircraft, the training pro-
grams for the interceptor crews are all quite similar in teaching
basic radar intercept techniques. In the two-place F-94C and
F-89D, the radar is operated by the radar observer, while in the
F-86D the pilot not only flies the aircraft but also functions as
radar observer. As the interceptor mission is all-weather, the pilot
must be exceptionally well qualified to fly instruments. The
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steering information furnished by the radar and the computer
is displayed to the pilot on a radar scope which is itselt also a
flight instrument. This indicated steering information must be
acted on immediately, accurately, and sensitively to ensure center-
ing the aircraft’s firepower on the target.

For the necessary degree of instrument flying proficiency,
the initial stage of interceptor training stresses instrument pro-
cedures and techniques of weather flying. After ten days of ground
training the pilot student practices his acquired academic knowl-
edge for 18 hours in the C-11 trainer and 26 hours of instrument
flying in the T-33. In the F-94C and F-89D programs the observer
also receives the academic portion of this training and then joins
his pilot to complete the course as a team.

The second phase of training transitions the aircrew to their
aircraft. This is followed by a basic radar interceptions phase,
with practice in simple interceptions against T-33 targets. Many
practice interceptions are necessary, particularly in the F-86D,
to learn to follow directions of the GCI controller, interpret the
airborne radar presentations, and make a successful run on the
target. The student then progresses from single to multiple target
interceptions against T-33 and B-29 aircraft. Ultimately the actual
operation of the air defense system is simulated for him. He flies
scramble missions against high-speed targets that employ evasive
action and deception.

A fighter instructor at Nellis AFB explains a ground gunnery pattern. The train-
tng features small student groups and individual instruction. Since most of the
combat aircraft used for training lack space for an instructor, the student is com-
pletely on his own once he begins to roll down the runway. Before he is allowed
to take off, his instructor must be certain that he is able to execute all maneu-
vers correctly and without acci-
dent on his initial trial and that
he understands all routine and
emergency procedures he may
have to perform. All the student’s
subsequent communication with
his instructor, who is flying in
a separate aircraft in formation,
is by radio. This kind of train-
ing requires the wutmost in
teaching skill to ensure the stu-
dent’s successful performance.

—peel  Oowles

? PANEL Stiofiny
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The final phase of training presents exercises in making radar
contact with and firing rockets on a radar-reflective towed target.
After four and a halt months and some 100 hours of flying, the
crew leaves for assignment to Air Defense Command or to one of
the overseas commands.

It is in the interceptor training that the most difficult com-
promises have recently been made between unyielding quantita-
tive demands and desirable quality standards. During FY 1956
the increased need for interceptor pilots in Air Defense Command
has resulted 1n a shortening of these courses. The graduate will
be thoroughly schooled in the airplane and in the basic intercep-
tion techniques: his proficiency, however, especially against high-
flying fast multiple targets, will leave much to be desired. Faced
with a compromise of this kind, the mission of crew training
becomes one of providing the maximum capability possible to the
required quota of students in the specified amount of time.

The Bomber and Transport Complex

Four courses are conducted in this area, three in bombard-
ment aircraft and one in transports. McConnell Air Force Base
1s the home of the B-47 program, which opened in 1951 with the
beginning of the conversion program of the Strategic Air Com-
mand from B-29's to B-50's to B-47's. Since then McConnell has

F-84 cockpit procedure (left). Instructors initiate students in their aircraft
by means of a trainer. To conserve flying hours flight simulators are also used
(right). Constructed to simulate a specific aircraft both in cockpit design and
flight characteristics, they enable the trainee to fly an entire mission on the
ground. Aircrews are thus familiarized with emergencies too dangerous to be prac-
ticed in flight. Simulators available or programmed for crew training are the B47,
the C-119, the F-86D, the F-84F, the F-89D, the F-100, the F-101, and the F-102.




Considerable practice is required to interpret the airborne radar presentation of
a bogie and make a successful run on the target. These interceptions are of the
lead-collision type rather than of the old pursuit-curve kind of World War II.
The lead-collision interception differs from the curve of pursuit in that at only
one time on any one pass is the lead on the target correct for a hit. At that in-
stant the computer automatically fires a selected number of rockets in a modified
salvo. After the firing signal appears on the pilot’s radarscope, he executes a
pull-out. The flight paths of interceptor and target cross at very close range.

converted over 1000 Strategic Air Command crews to B-47's. The
B-57 program at Randolph Air Force Base supports the conversion
of the Tactical Air Command and overseas units from the B-26
to the B-57. Also at Randolph, B-29's are used for four-engine
transition training. The transport program is transition training,
using the C-119 to train crews in the type of aircraft they will
operate upon assignment to troop carrier units. Four-engine
transition training in the C-54 will be instituted at Randolph in
April 1956 to prepare crew members for heavy transport units.

The Medium Bomb, Jet (B-47) training course is an eight-
week course designed to provide Strategic Air Command with a
pilot/co-pilot crew fully familiar with the B-47, its systems, and
correct operating procedures for it. A four-week period of academ-
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ics precedes 40 hours of flying instruction during 10 flight lessons.
Graduates are completely qualified to operate the B-47 under all
conditions of flight, and since the crews usually have considerable
prior experience in bombardment aviation, their up-grading to
combat readiness takes a minimum of time in their tactical or-
ganization. Three additional weeks of training in special weapons
are added for aircrew members who are not qualified as bomb
commanders. All B-47 observers get academic training in most
of the specialized areas, but they do not fly with their assigned
crew during the 40-hour transition course.

Aircrew B-47 students also undergo 17 days of survival,
escape, and evasion training at the USAF Survival School at Stead
AFB in the foothills of the Sierra Nevadas, where they learn the

An F-89D fires a salvo from its armament of 104 rockets. The F-86D interceptor
version of the famed Sabre, the F-94C Starfire, and the fantastically armed F-89D
Scorpion, all first-line aircraft, are used by CrewTAF’s Interceptor Training Com-
plex in training aircrews. The present-day interceptor, called a night fighter in
World War 11, has come a long way since the days of the Beau-fighter and the P-61.
Today’s interceptors are jets, carrying air-to-air rockets as armament. They are
controlled initially by a ground control intercept station and are vectored to the
target area by the interceptor controller. When the airborne radar ‘“sees” the
“bogie,” control of the interception is taken over by the aircrew on the airborne

radar. In tactical operations it is probable that the interceptor pilot would
never aclually and visually see his target. After the target is located, the inter-
ceptor is flown by steering data provided by a computer. When the interceptor
reaches an optimum position, the computer automatically fires the rockets. Inter-
ceptions are normally carried out from one side of the target to present a larger
targetl area to the rocket salvo and to avoid the tail-cone armament of the bomber.




Night sortie. A B-57 training
mission heads into the sunset.
The B-57 student puts in 25
hours flying time in the aircraft,
preceded by 25 hours in the T-33.
For the first B-57 transition les-
son an instructor flies a chase
B-57 to assist the student in
adopting correct procedures. Ex-
cept for a second solo mission the student pilot is accompanied by his observer on

the remaining seven lessons, four of which are performed at night. Three night
profile missions, which simulate all typical characteristics of a combat sortie,
emphasize SHORAN bombing, with results determined by radar bomb scoring.

fundamentals of tactical movement, camouflage, and the medical
aspects of survival, the improvisation of survival equipment, the
use of communications gear, and methods of aerial recovery. The
course culminates in a 9-day survival trek in the Plumas National
Forest of the High Sierras. Other aircrew trainees have survival
training at their school bases.

The Light Bomb, Jet (B-57) training course is a conversion
program from the B-26 for Tactical Air Command and overseas
units. Students are for the most part already trained combat crew
members to be retrained into the new aircraft with which their
unit is being equipped. The training program provides 25 hours
of supervised jet transition and instruments in the T-33 and 25
hours of aircrew transition in the B-57. The T-33 flying training,
together with B-57 academic training, takes up the first six weeks.

The hydraulics system of the
C-119. Specially fabricated train-
tng devices show the student
what to do and what happens in-
side his airplane when he does it.




First of the

Century Series

e G ———

The F-1024

delta-wing interceptor
flew 20 December 1954.
Speed, supersonic; ceiling, stratosphere.

T

.
s

Super Sabres in flight near Nellis AFB. First of the super-
sonic century series fighters, the F-100 set an official speed
record for operational aircraft of 822.15 mph on 20 August
1955. Designed as an “air superiority” fighter, the F-100 has
a ceiling over 50,000 feet and a range over 1000 miles. It
is armed with 20mm guns. First flight date was 25 May 1953.

The F-101 Voodoo, a supersonic escort fighter, exceeded
the speed of sound on its first flight, 29 September 1954.
The F-101B series, comprising most of the production atrcraft
of this model, will fly as a long-range, two-place interceptor.
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One month on special weapons, basic survival, and B-57 flying
training for both the pilot and the observer completes the course.

The Medium Transport Transition (C-119) course gives
transition training in tactical equipment to newly graduated pilots
but is not intended to qualify them as aircraft commanders.
During the six-week program students receive 40 hours of flying
training plus academic instruction in the aircraft, its equipment,
and crew duties. No actual troop carrier missions are flown, but
indoctrination in transport doctrine is given in academic training.

The Four-Engine Transition Training (B-29) is a 40-hour,
7-week course for recent pilot graduates who are to be assigned
throughout the USAF to units requiring crew members for four-
engine aircraft. Another similar B-29 transition course trains
experienced pilots as potential aircraft commanders and pilots for
further transition training in KC-97 aircraft and subsequent
assignment to the Strategic Air Command in aerial refueling units.

Crew Training With Century Series Aircraft

The F-100 Super Sabre Jet fighter is already being employed
at Nellis Air Force Base for instructor training and training
research and development. Soon the F-100 and F-101 fighter and
interceptor and the F-102 delta wing interceptor will come into
the regular combat aircrew courses for student training. With the
century series aircraft we are entering a new training era with
foreseeable, but as yet indefinable, training problems. Some of
these problems, which we have been studying for over a year,
are as follows:

(1) Student training capability. With certain flight charac-
teristics of the century series aircraft more critical than those of
previous jet aircraft, it is obvious that the margin for pilot error
has become smaller, regardless of the simplicity of operation. As
a result we do not now feel that the basic flying school graduate
possesses adequate flying experience to qualify immediately for
combat training in these aircraft. Since a transition vehicle of
higher performance than the T-33 is needed to prepare the student
for his century series training and no high-performance trainers
are anticipated, current fighter or interceptor aircraft will be
used to bridge this gap. Of course if two-place training versions of
these aircratt become available, this concept may be changed.

(2) Aircraft training capability. A number of training prob-
lems are anticipated in this area that are typical of all new aircraft:
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the limited experience of personnel, the high failure rate of
aircraft parts, inadequate support of engines and parts, repeated
aircraft groundings for technical order compliance, and frequent
failures of systems associated with the new equipment and aircraft.
In the past these conditions have inevitably resulted in low or
extremely fluctuating utilization rates during initial years of
operation. These problems are real; and they usually require
outside help from Air Materiel Command. Our only approach
to them 1is to try to foresee them and to keep our thinking and
planning flexible.

Another major consideration is the suitability of the aircraft
to perform the mission. Not all models will permit all the
gunnery and bombing phases of fighter-weapons training that are
considered necessary in producing a versatile fighter pilot. Finally,
because of the cost of operation of the new aircraft, it appears to be
more economical to provide basic fighter-gunnery training and
tactics in present types before training in the century series.

Our studies therefore indicate that it is most practicable
to program a minimum acceptable amount of training hours in
the new aircraft combined with continued use of present first-line
fighters and interceptors. As the utilization rate of the new air-
craft improves, as it always does, the program would shift a greater
amount of time to be provided each student compatible with
flying-hour and mission capability. This progress can be ex-
pected to continue until we have achieved the ultimate rate of
utilization and can conduct the entire course with the new aircraft.

(3) Quality of training. At the present time the training
standard of the optimum-quality course is geared to produce a
combat-capable pilot with all the versatility that he will be ex-
pected to display in a tactical unit. Several years of experience
have indicated that approximately 110 flying hours are required
to produce a combat-capable fighter pilot and 80 flying hours to
produce a combat-capable interceptor pilot. If we were perfec-
tionists, and all people in the training business must guard against
this extreme, and if economy of time and money were not essential,
it would be possible to design a course to satisfy every conceivable
training requirement. For example, combat flying training could
reach 180 hours per course and require 8 to 9 months. This is
obviously unrealistic. Considering the average term of active
service of the average reserve officer as about four years, such a
course would seriously reduce the time he could be used effectively
in a combat unit. On the other hand an extremely short course
that required the combat unit to engage in extensive individual
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training would jeopardize the combat readiness of our tactical
units severely and would be equally unrealistic. We have been
guided by the consideration that we should concentrate on the
training that can be rapidly absorbed and intensively applied,
knowing that the combat unit will always have the burden of
carrying the graduate through the maturing process which only
time or the pressure of combat can provide.

These considerations have resulted in a plan to use both a
current first-line aircraft and the century series aircraft in a 110-
hour fighter course of 90 training days. This course will produce
a graduate who is initially well qualified in the fighter arts on
an F-86 or F-84 and who has a good familiarity with the new
plane. With minimum supervision he should rapidly be able to
transfer his abilities on the old type to the new. As the capability
of the century-series aircraft and its course flying hours increase
concurrently, then during this flexible progression the amount
of training to be provided in existing fighter aircraft will be the
difference between century-series flying hours and the tactical
course hours, which remain constant. This phasing in of century-
series flying time is illustrated in the diagram of its four-stage
implementation planned for the fighter program. The same con-
siderations have led to a similar plan for phasing in century-series
interceptors. These plans are admittedly compromises, but neces-
sary ones, and no other plan promises to keep up with the demands
of the Air Force program.

It should be clear by now that crew training has two major
problem areas that are'probably common to the entire Air Force—
one 1s personnel, the other materiel. To accomplish the crew
training mission there are two indispensables—experienced in-
structors and available flying hours. Our instructor experience is
high at present, but we lose an instructor after a three-year tour
and he is eagerly grabbed by a tactical unit. There is no similar
eagerness in return to release to us experienced pilots for instruc-
tor duty. Consequently we are forced to train many of our own
replacement instructors, sometimes using basic school graduates.
This process must not be permitted to go too far, or a sort of in-
breeding will inevitably lower the standards of the training and
the product. And as crew training ceases to be rigorous and
realistic, its major reason for being loses validity. A healthy rota-
tion both in and out is the answer and deserves more emphasis
from USAF and more recognition from the major commands.

The materiel problem is magnified by the variety of types of
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aircraft involved and by the phasing in of new aircraft. A con-
trolled training operation does permit the attainment of utiliza-
tion rates generally much higher than those achieved in tactical
organizations. It is a type of operation ideally suited to specialized
maintenance methods which have been adopted, generally along
the lines of SAC's maintenance system. Even so, our aircraft
have to be completely ready for combat-type operations, and the
distinction between AOCP and ANFE* is usually a meaningless
one as far as we are concerned. We are well manned in main-
tenance at present, but like the rest of the Air Force we suffer
certain severe specialist shortages, especially in the higher elec-
tronic skills. The only way we have been able to live with these
shortages has been through energetic on-the-job training. This
problem may worsen in the future, but there are encouraging
signs that despite the increasing complexity of electronics gear
operationally, there will be improved reliability and simplicity of
maintenance. We devoutly hope this will be true.

I cannot discuss the crew-training operation without express-
ing a tremendous admiration for the job that the maintenance
people and instructors are doing. The pace of operations is
terrific—500 jet hours a day, for example, at Luke or Nellis. The

*[AOCP: Aircraft out of commission awaiting parts. ANFE: Aircraft not fully equipped.—Ed.]

Flight-line activity backs up intense flying training schedules. Aircraft take off
from runways with almost unbelievable frequency. At Nellis Air Force Base, the
world’s busiest airdrome, jet fighters land or take off every 20 seconds of the
working day. Parallel runways alleviate the traffic load. Total aircraft resources
of the crew training program exceed 1600 airplanes, 90 per cent of them jets.
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pressure on the people 1is similar to that of actual wartime
operations.

I must also express, for all of us associated with them, an
unqualified respect for our students. There was a time not so
many years ago when most of us would have questioned seriously
the ability of new pilots to cope with modern high-performance
jets. The pertormance ot these young officers has in every way
exceeded the demands put upon them. I personally feel that we
may even be unduly conservative in our approach to the century
series. \We must, however, make every effort to safeguard lives
and planes. Our major accident and tatality rate is understandably
higher than the rest ot the Air Force. In 1954, however, it was
about half the 1953 rate, and 1955 shows further improvement.
This improvement must continue, and therefore, regardless of
the abilities of our young pilots, we must continue to improve
methods, supervision, and standards. I am confident that our
new pilots will meet the demands of the tuture, but the job of
training them is a highly specialized job and requires a large in-
vestment of experience. This very expensive training job is
militarily sound only it it provides a high-quality product to the
combat units. The entire Air Training Command is dedicated
to the support of this investment, because of a strong conviction
as to the vital significance of the crew-training mission in main-
taining the wings ot the Air Force at the required standard of
combat readiness in this atomic age.

Headquarters, Crew Training Air Force
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THE SEARCH FOR THE SHAPE OF ATOMIC WAR

In Exercises the Army and Air Force Test
New Doctrine, Tactics, and Weapons

A QUARTERLY REVIEW STAFF STuDY

ACO.\’STA.\‘T problem facing the jet-age strategist is the need to keep pace
with the jet-age scientist in maintaining a modern, up-to-date air force
as our first line of defense and as the major deterrent to world-wide Com-
munist aggression. As science continues to add newer, faster, or fantastically
more destructive weapons to our air arsenal. the strategist must come up with
new concepts and doctrines for using the weapons. Once such concepts are
evolved they must be tested, implemented by operational techniques and
tactics, and all of this must be taught to those trained in the technical use
of the weapons. For the best, most modern weapons that science may devise
will be of little use if commanders and operators lack the understanding
of the pertinent doctrine and concepts.

As the scientist has had to test and prove the new weapon, so must the
strategist prove the validity of his latest strategic concepts and test pro-
ficiency in the weapon’s use. This must be done quickly or the strategist
will become hopelessly out of pace with science. Since the outcome of a
future war likely will be decided within a few days, our air arsenal must be
provided with the latest, proven doctrines, tactics, and weapons if we are
to survive.

General Dwight D. Eisenhower, writing in the Military Review in Sep-
tember 1946, commented on preparation for future war:

Time has been of the essence in warfare but never was it more essential than in

our most recent war. With the introduction of atomic and electronic war and the

gstoqnding ad\'a.nce being .made almost hourly in aerial warfare, the tempo is increas-

ing in geometric progression. If war comes to us again the fact seems inescapable

that we will not have time to train units before we are faced with the final issuc of

defeat or victory. Certainly it would be unconscionable to gamble on a fortuitous

recurrence of the time to prepare bought by the blood of our allies in 1917 and 1942.

Despite scientific testing and theorizing it is in combat that weapons,
doctrine, and techniques receive the most exacting evaluation. In conven-
tional wars of attrition the factors of time and distance permitted an almost
orderly wartime adjustment to change. But when the jet-atomic age ruled
out such a wartime-evolutionary process, the scientist and strategist had to
look for another method of proving weapons, techniques, and doctrine before
D-day. The answer was found in an increased use of field or command post
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exercises. Both of these have become the principal means of a testing and
evaluation program for weapons, doctrine, and techniques in the post-
World War II period.

Types of Exercises

THERE are two types of field exercises or maneuvers. In one the troops and

armament and the airmen and aircraft of only one side are actually
present. Those of the other side are imaginary or are represented by only a
skeleton force. In the second type of field exercise both friendly and aggres-
sor forces are actually employed. Both sides are allowed freedom of action
within predetermined limitations. An umpire system is used to evaluate
play and monitor its development.

Field exercises may be large or small. They may involve a single bomber
crew solving a navigational problem, including air refueling and dropping a
“bomb” under simulated combat conditions, or an entire Air Force command
participating in a joint exercise with the Army and Navy.

Often a field exercise can be superimposed on a routine activity. For
example, the routine movement of a Strategic Air Command bomber wing to
a new base affords logistics and communications planners an opportunity to
develop and execute a realistic combat exercise to test new concepts without
special expenditure of funds. But all field exercises or maneuvers cannot
be adapted to such situations. If particular features of a weapon are ques-
tionable or a theory of tactical doctrine is a subject of inquiry, the field
operation may be especially tailored to simulate the combat condition under
which the weapon or doctrine may be best evaluated.

Where it is merely theory or a current or revised concept that is being
tested the command post exercise is generally used. The command post exer-
cise does not employ units in the field. It is often labeled a “paper war”
or a “map maneuver.” Through a detailed battle scenario realistic combat
situations are established. The participating players are given information
relating to troops, logistical dispositions and procedures, troop and station

Exercise SAGE BRUSH, the largest peacetime field exercise held in the United
States since World War 11, has focused public attention on the efforts of the Army
and the Air Force to prepare for a possible future atomic war. Since the revolution
in both air and land warfare brought about by the advent of nuclear weapons and
supersonic aircraft has left us without battle-tested strategies and tactics to
meet these new weapons, planners looked into the future in writing the scenario
for Exercise SAGE BRUSH. In this changing environment it is generally recognized

that the only valid tests of doctrine, strategy, and tactics for the future are the

field and command post exercises. Such exercises have become the principal means
of a testing and evaluation program to aid peacetime adjustment to change. The Edi-
tors of the Quarterly Revieto examine this program and its effect on preparedness
for a future in which nuclear weapons may change the shape of war. Information on
Exercise SNOWBIRD and LOGEX 55 came from final maneuver reports of the Alas-
kan Air Command and Office, Chief of Army Field Forces. Photographs of Troop
Carrier operations in Exercise SNOWBIRD are from the Eighteenth Air Force.
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lists, operations and administrative orders, standard operating procedures,
and similar information that would be known if an actual combat operation
were in progress. Special situations are introduced at various intervals
in the play of the scenario to get player reaction and to evaluate understand-
ing of doctrine. Such situations might include surprise chemical attacks, guer-
rilla activity, atomic attacks, etc. As in the field exercise, an umpire system
evaluates play and monitors the development of the command post exercise.

Since one of the primary purposes of the command post exercise is to
test newly proposed or radically difterent concepts, both planners and players
accept the new concept without reservation, subordinating previous knowl-
edge. experience, and personal ideas to a true and complete portrayal of
this concept as written and interpreted. While no field units are employed,
an exercise of this type is not necessarily a small operation. Several thousand
men may take part in a “paper war.”

A field or command post exercise is usually initiated by directive from
higher authority. The directive includes information basic to the planning
of the particular exercise—the type of exercise, the ground situation, air
missions, target types and priorities, chain of command, and the tactical
principle to be stressed. The directive also establishes the purpose, duration,
and scope of the exercise.

Both the field and command post exercises can serve their purpose of
proving, training, and evaluating only if the scenario is carefully and real-
istically prepared, if it is carefully monitored by umpires, if it is carried
out forcefully and enthusiastically as one complete operation, and if it is
ended with a comprehensive and well-planned critique. The over-all value
of the exercise will vary directly with the realism according to which the
combat conditions are simulated.

The key part of a scenario is the general situation. Here are stated the
facts known or assumed to be known to both the friendly and aggressor forces,
facts that would be known if the exercise was really a combat situation.
Thus the participant is able to assume his place in the exercise with a logical
background for the action that will proceed from the initial situation.

The scenario for the initial situation is written so that its solution will
properly set the exercise in motion along the devised lines. The statement
of the initial situation is logical, brief, and as simple as possible. Yet it
includes all the information needed to solve the situation accurately. It must
be presented in such a way that the element of surprise will not be elimi-
nated. The initial situation concludes with a message, an order, or a state-
ment of a particular enemy threat or action that forces the commander to
make a decision, execute a decision that has been made, or do both.

: In most instances solving the initial situation will not provide all the
action necessary to evaluate fully a theory or revised concept or to train
Ehe participating players. Further training and testing is accomplished by
introducing situations that are logical developments of the initial situation.
These may be generally termed concurrent situations.

. The nature of the concurrent situation is such that it can provide the
training or testing it calls for without introducing an entirely new situation



66 AIR UNIVERSITY QUARTERLY REVIEW

into the exercise. It is merely superimposed on one or more of the major
situations. For example, a unit in the play of the exercise is told that the
aggressor has knocked out the primary communications system, forcing the
unit to demonstrate its proficiency in using an alternate system. Thus the
training requirement is accomplished without material interference with
the situation in progress.

Each situation in the play of the exercise must have at least one
requirement and one solution. The requirements are for the use of unit
leaders and their staffs participating in the exercise. They indicate what is
expected of the participants. The solution for each requirement, as prepared
by the planner, establishes a standard by which the efficiency of any unit
playing the exercise can be measured—it is not an absolute. Almost any
requirement will have more than one logical solution.

A field or command post exercise consists of several closely related
phases: a troop or player orientation, a situation or situations, and a
critique. Each phase has a definite objective and varies in importance with
relation to the exercise as a whole. Each phase is assigned a running time
consistent with its importance to the entire exercise. Thus the running time
of the combined phases equals the specified running time of the exercise.

In either the field or the command post exercise the play is controlled
by a group of umpires under a chief umpire. Participants are completely
orientated to the general situation, including the identification or marking
of friendly and aggressor aircraft, personnel, and vehicles, the methods of
enemy representation, safety and ground rules, etc. It is especially important
that the participants fully understand that missions will be carried out and
decisions made according to the doctrine or concepts established for the
particular exercise.

When an exercise has progressed to its logical conclusion or has reached
a point where it would be of no further benefit to continue, the chief umpire
notifies the exercise commander to assemble his players for a critique. The
chief umpire conducts the critique, beginning with a brief outline of the
purpose of the exercise, the initial situation, and the developments of the
exercise as it progressed. Successful and well-executed actions and decisions
are praised. Poorly executed actions are criticized. Both favorable and
unfavorable comments are illustrated or supported by reference to specific
actions or situations. In discussing an error or faulty judgment the possible
consequences in actual combat are explained and a logical solution suggested.
The entire critique is limited to the major concepts, doctrine, training, or
weapons or weapons system that the exercise was designed to illustrate. It
ends with a summary stating whether or not the purpose of the exercise has
been accomplished or how well the doctrines and concepts have stood up
under test.

From the number of field and command post exercises held by the
military services in 1955, we have selected one to illustrate each type—
LOGEX 55 for the command post exercise and Exercise SNOWBIRD for the
field exercise. Both exercises will be examined from two levels: (1) the
operational level, and (2) the planning level.
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Of these two levels the first, or operational level, is of least concern,
since it deals with techniques and equipment. The problems on this level
may be numerous and it is of course necessary to discover them. But because
they are more readily apparent, they are identified and corrected almost
automatically. It is at the planning level that the ultimate value of an
exercise is truly measured. And since a future war of any size will require
a great deal of joint Army-Air Force action, it is very necessary that these
two services, by participating in peacetime in joint exercises such as LOGEX
and SNOWBIRD, should develop doctrines, strategies, and tactics that are
mutually supporting. Do these two exercises, as planned and played, reflect
disparities between views of the Army and the Air Force—or between com-
mands in the Air Force—on the nature of atomic war or on doctrinal issues—
disparities that as yet have been unrecognized or unreconciled by our

military planners?

Command Post Exercise: LOGEX 55

oGEx, a command post exercise, is held annually under the direction of

the Office, Chief Army Field Forces, Fort Monroe, Virginia. The responsi-
bility for planning and conducting the exercise rotates among the Army
Technical Services. LOGEX 55, held at Fort Lee, Virginia, from 2 to 7 May
1955, involved more than 5000 student officers, technical and administrative
school umpires, and support personnel. In a six-day hypothetical battle it
tested the ability of student officers to keep a hypothetical field army of
400,000 men fighting under all the pressures of modern war and to evaluate
new concepts of logistical support. Guided missile attacks, guerrilla raids,
atomic explosions, and a powerful aggressor army were tossed in the path
of the players. Umpires both above and below the established chain of
command controlled and directed the exercise.

When the Army requested Air Force participation in LOGEX 55 the
stated purpose of the exercise was to train students in the advanced classes
of the Army technical and administrative service schools, presumably in
currently accepted doctrine and concepts. As planning progressed it became
apparent that the Army wanted primarily to test the feasibility of new
ground force logistic doctrine and organization within a theater of operations.
The new concept of logistic support was designed to relieve the combat
commander from many logistic responsibilities held in the past and to
provide new methods to speed the flow of supplies and services.

But these concepts had been molded only in accordance with the Army's
own capabilities and patterns of operations. In some cases they conflicted
with joint regulations and mutual agreements. And the fact that the chosen
“Theater of Operations” was an extremely limited geographical area placed
the Air Force in the position of having to tailor its organization and operations
to a pattern established by the Army rather than functioning on a coequal
basis.

The Air Force had five general objectives in participating in LOGEX 55:
(1) to provide Air Force participation in accord with Air Force doctrine,
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capabilities, and limitations; (2) to provide integrated and coordinated actions
between Army and Air Force for interservice support, to make known Air
Force logistical support requirements to the Army, and to carry out Air Force
missions and functions; (3) to cooperate with the Army to initiate a feeling
of understanding and confidence; (4) to associate Air Force officers with
those of the other services to gain a clearer understanding of surface-force
problems; and (5) to provide a possible supplement to instruction presented
by Air Force representatives at Army Technical Service and administrative
schools. Actually the Air Force portion of the exercise was intended to
develop interservice mutual support between the Army and the Air Force.
There was no attempt to make any play between Air Force units, except
that necessary between air terminals and control centers to develop and
control airlift and aeromedical evacuation.

The *“Theater of Operations” for LOGEX 55, established some eight
months before the exercise was played, was an area approximately 90 miles
wide and 120 miles deep in Southern France, designated the Western Medi-
terranean Theater of Operations, with North Africa an extension of the
Zone of Interior. This area had been played in previous LOGEX's during
the past five or six years. The time of the play was D plus 63, counting from
the date of the landing in Southern France. The date from the beginning
of the war was approximately D plus 630. The Army concept presupposed
that a United States Tenth Field Army had broken out of Normandy. In the
exercise the United States Thirteenth Field Army was to come up the Rhone
River Valley and link up with the Tenth Army at Lyon. The scenario also
called for Free French Forces to attack from the area north of the Pyrenees.
Since a test was being made of new Army logistical concepts, difficulties would
have arisen in placing a support command in Normandy in addition to the
one in the exercise area. Therefore the United States Tenth Field Army
was changed to an Allied Army not requiring U.S. support. This Army had
no part in the exercise except to serve as the other prong in the eventual
link-up at Lyon. The Air Force was to provide counterair, interdiction, close
air support. air defense, reconnaissance, aeromedical evacuation, and theater
airlift operations.

This latest LOGEX marked the first time that the Air Force had been
represented in the early planning phase of the exercise. But the representa-
tion still came too late to coordinate the selection of an objective area,
although at Air Force suggestion a few changes were made in the theater
concept. For example, the theater was enlarged somewhat to permit the
deployment of tactical air forces throughout the Mediterranean. Air Force
units were deployed in Spain, North Africa, and the Mediterranean islands,
as well as in the objective area (Southern France), to reduce their vulner-
ability to nuclear attack. The Air Force suggested that a European Com-
mand, regarded as having been in existence prior to aggressor actions, be
established and relocated in North Africa. The Commander of the European
Command could then direct and coordinate the efforts of the various military
forces in seeking the common objective of reoccupying Europe. This sugges-
tion was not accepted, although a unified command headquarters was moved
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to North Africa along with theater air force and theater navy. Theater army
remained in Southern France to coordinate actions of field army and
support command.

Air Force tactical units in the objective area included three flights of
fighter-interceptors on separate bases, and a squadron of reconnaissance air-
craft on still another base. Since the Air Force is dependent upon the Army
for a considerable amount of its logistic support, it attempted to test the
flexibility of Army support action by moving a part of a fighter-bomber wing
to the objective area with a squadron going to each of two bases where
fighter-interceptors were located. This action was also considered a means
of reducing vulnerability. If one base was destroyed the loss could be
“absorbed” and the Air Force could still carry out its mission. But Army
support concentrations left the rear air bases and lines of communication
open to guerrilla attack. Under the new Army concept the rearward areas
would contain only lines of communication and the service elements to
operate them. The Army recognizes that airborne operations, guerrilla war-
fare, sabotage, and subversive activities might cause disaster and damage
in this area. To counteract it the Army required that units, supplies, and
facilities be dispersed to the point that these activities were no longer profit-
able targets and the loss of one part would not disrupt entire combat support
operations. This reasoning may apply to Army support units and installa-
tions, but it is hardly valid with respect to petroleum, oil, and lubricants
(POL) pipelines that cannot be dispersed. Furthermore Army units sup-
porting Air Force units in these areas would be remote and scattered.
Under such an arrangement, logistic support by the Army appeared unreliable
to the Air Force planners.

Army planners for LOGEX 55, in establishing a 90 x 120 mile “Theater
of Operations,” and in limiting play to that area, failed to recognize the
flexibility of air power. As a result there was no adequate or efficient use of
airlift and LOGEX 55 failed to demonstrate to the Army players the
inherent flexibility and versatility of air logistical support. Rather the
exercise served more to stress air power’s limitations. The limited objective
area provided little opportunity for airlift forces to capitalize on their
characteristics of range and speed in aerial delivery of personnel and
logistics when time is limited and distance and accessibility considerations
make surface transportation impracticable. Since only the objective area
was played, there was no opportunity to exploit the capabilities of the
Military Air Transport Service. Air Force observers felt that the scenario
should also include at least a token review of the global aspects of war as
it progressed, as well as play in the particular locale of the exercise.

It is generally accepted by strategists that the first few days of the next
war will constitute the decisive phase. Since the time of this exercise was
established at 63 days from the date of a landing in Southern France and
630 days from the beginning of a war, operations in LOGEX 55 might be
considered a part of the exploitation phase. The battle for control of the
air would have been the decisive phase. A future war would see no build-up
phase. Once control of the air had been attained and the enemy’s air forces
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in-being were destroyed, it is questionable if an exploitation phase, as played
in LOGEX 55, would be required. Also, at D plus 630 it was practically
impossible to present the benefits derived from a Strategic Air Command
bombardment of the aggressor's heartland.

The Air Force provided a staff of 38 officers and 10 airmen to guide
the Air Force play of LOGEX 55. This staff was the largest Air Force partici-
pation in any LOGEX, not only in numbers but also in Air Force command
representation. Such representation enabled more Air Force personnel to
acquire knowledge of Army organization, procedures, and doctrine. The
scheme of Air Force participation in LOGEX 55 was to send representatives
from operational areas and instructors from Air Force schools. Air Force
officers who were students at the Army Medical Field Service School were
used primarily in the medical evacuation and air terminal play. Some Engi-
neer Aviation units were played by Army engineer ofhcers from the advanced
officer courses at the Engineer School, Fort Belvoir, Virginia.

Throughout the exercise it was difficult to generate play at the operational
level. Umpires were placed both in top command roles, where interservice
policy is normally coordinated and established, and in the lower unplayed
echelons where the bulk of the actual routine of support is normally accom-
plished. Players found they were often passing information through channels
without formulating policies and decisions or planning the action needed
to provide the required support. In addition, the geographical limitation
of play eliminated deployment of Air Force units in numbers and strength
sufficient to generate any appreciable impact on the Army support capabilities.
With few exceptions, there were no opportunities for interservice play.

Most of the Air Force staff at LOGEX 55 was assigned to airlift and
aeromedical evacuation functions. This was due to the requirement to staff
a Transport Movement Control Center, air terminal, and aeromedical evacu-
ation units. These functions had been controversial in the past and since
there was less likelihood that Army personnel would be familiar with these
procedures, the Air Force planners decided to give them particular emphasis.

Inasmuch as all flights on the first day of the exercise were preplanned
on the operations order in the scenario the Air Force honored routine
requests even when they were not submitted through the proper communica-
tions channels. These requests were treated as emergencies and acted upon.
Numerous requests for patient movement by helicopter in the coastal area
were approved. Some of these movements were not true evacuations but
were movements of patients so as to free bed spaces in the forward hospitals
and to generate bed spaces in the receiving hospitals located to the rear
in the coastal areas. This repeated sorting kept the patients moving in small
hops rather than directly to the rear. Through the Aeromedical Evacuation
Liaison Officer the players’ learned that they had consumed the available
helicopter aeromedical capability without achieving true evacuation from
front to rear. Inadequate coordination between the Army Medical Regulating
Officers and the forward hospitals resulted in failure to move patients—

represented by cards—to the airfields in time to utilize all the available airlift
on the first day of the exercise.
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Since LOGEX is a logistical command post exercise, using no troops in
the feld, tactical assumptions and situations introduced by the scenario
must be all the more valid if the players and umpires are to derive full benefit
from the exercise. Air Force representatives felt that the scenario for LOGEX
55 lacked realism in its treatment of tactical air capabilities and deployment,
indicating Army misunderstanding of air power.<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>