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HEADQUARTERS, ARMY AIR FORCES
.4; WABHINGTON
EPLY REFER TO

7 November 1944

MEMORANDUM FOR DR VON KARMAN:

Subject: AR Long Range Development Program

1 I believe the security of thas Unitad States of America will
continue to rest ip FArt in developments 1nStituted by our educational
and professional Scientists, 1 am anxious that Ajp Forces postwar ang
next-war research and development Programs be placed on a sound and
continuing basgisg. In addition; 1 am desirous that theso prograwcs be in
such form and contain such wel; thought out, long range thinking that
in addition to guaranteeing the security of our nation and serving as
2 gulde for the next 10-20 year pPeriocd, that the recommended programs
can be usged as g basis for adsquate Congressional appropriations.

2. To assist you and your ‘associates in OUr current concepts of
war, may I review our principles. The object of tota] war is to destroy
the eremy's will to resist, thereby énabling us to force our will on hip,.
The attainment of War's objective divides itself into three phases:

Nlitical, strategic angd tactical. Political acticn is directed against
65 enemy's governing powor, strategic action against his economic
resources, and tactical action against his armed forces. Strategical and
tactical actiong are our main concern and are governod by the principles
of objective, Surprise, simplicity, hass, offensive, movement . economy

of forces, Cooperation and Security.

3. I believe it ig axiomatic that:
a. We as a nation 4re now one of the predominant powers.

b, ®e will no doubt have Potential eneming that will con—
stitute a continuing threat to the nation,

C. While major wars wil] continue to ha fought ﬁrincipally
betwsen the 30th and 60th parallels, north, global war must be con-
templated.

d. Our prewar research and development has often heen inferior
to our snemjes.

e. Offensive, not defensive, Weapons win wars. Counter—
neasures are of Secondary impartancs.

r. Our country will not Support a large Standing army.
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g. Peacoatime econody requiremonts indicate that. while the
AAF now receives 43% of current War Department appropriatiors. this
llotment cor this proportion may not continue,

h. Obsolets 2quipment, now available in large quantities,
may stalemate developmant and give Congrass g false sense of security,

i. while our Sclentists do not hecessarily have the question-
able advantage of basic military training, conversely cur AAF officers
cannot by necessity be professional Scientistg.

J. Human-sighted tand perhaps radar or television assisted .
w2apons have more potential efficiency and flexibility than mechanically
assisted weapors,

k. It is a fundamenta} Principle of American democracy that
personnel casualties are distasteful . we will continue to fight mechani-~
cal rather than manpowser wars.

1. As yet we have not overccme the problems of great dis—
tances, weather and darkness.

o. More potent explosives, Supersonic speed, preater nass

offensive ¢fficiency, increased weapcn flexibility and control, are
requirements,

ooon. The present trend toward terror WeApoHS such asz buzz
‘mbs, phosphorous and napaim may further continue toward gas and
bacteriolegical warfare.

4. The possibility of future major wars cannot ho overlooked.
We, as a nation, may not always have friendly major powers or great i
o0cCeanic distances as barriars. Likewise, I presumse methods of stopping
aircraft power plants may soon bg available to gyr eneries. Is it not
Now possible to determine if anothsr totally different weapon will re—
place the airplane? Are manless remote-contro)led radar or television
&assisted precision military rockets or Zultipls purpose seekers a
possibility? 1Ig atomic propulsion a thought for consideraticn in
future warfare?

5. Except perhaps to review current techniques and research
Ur associates to divorce yourselves from
» vestigate all the possibilities and
desirabilities for postwar and future war's development ag respects
the AAF. Upon completion of your Studies, please then give me a report
or guide for reccmmended future AAF research and development programs.




May I ask that your final repert also include recomsendations to the
. following questions:

a. What assistance should we #1ve or ask from our educational
and commercial scientific organizations during pezcetime?

b. Is the time approaching when all our scientists and their
organizations must give a small portion of their time and resources
to assist in avoiding future national peril and winning the next war?

c. What are the best methods of instituting the pilot produc—
tion of required nonrevenue equipmants of ro commercial wvilue developed
exclusively for the postwar reriod?

d. What proportion of avallable monsy should be allocated
to ressarch and develcpment?

6.  Pending completion of your finel report ,may I ask that you
give me a short monthly written progress report. Meanwhile, I have '
specifically directed the AC/AS, OC&R (General ¥ilson . to be responsible
for your direct administrative and staff neads. Also, as I have already
told you, I welcome you and your associates into my Headguarters. May
I again say that the services of the AAF are at your dispesal to assist
in golving these difficult problems.




HEADQUA.RTERS. ARMY AIR FORCES
WASHINGTON
'N REPLY REFEA TO,

15 December 1945

General of the Army H. H. Arnold
Commanding Genaral, Army Air Forces
Washington 25, D. C.

Dear General Arnold:

réport as a guide for recommended
future Army Air Forces research and development progress.

The first volume contains a discussion of the relation
© between science and asrial warfare: an analysis of the main research
problems of the ajir forces, from the point of vj its functions;
.and recommendations on organ ¢ - The twélve volumss
which follow contain thirty-two sclentific monographs. with detailed
research programs in gpecific fields.

The genera) conclusions of thig study may be summarized
a3 follows:

The discovery of atomic means of destruction makes a
powerful Air Forces even more imperative than before.
This subject ig discussed in Chapter I of the first
volume.

The scientific discoveries in aerodynamics, propul—
sion, electronics, and nuclear physics, open new
horizons for the use of air power.

The next ten yYears should be a period of systematic,
vigorous development, devoted to the realization of
the potentialitjes of scientific Progress, with the.
following principal goals: Supersonic flight, pilot—
less aircrafrt, all-weather flying, parfected naviga-
tion and communication, remote-controlled and auto-
matic fighter and bomber forces, and aerial trang-
portation of entire armies.




The research problems, as analyzed {n Chapter II of
the firast volume, should be considered in their rela—-

tion to the functions of the Alr Forces, rather than
&3 isolated 8cientiric problems,

Therefore, developmont centers should be 6stablished
for new types of equipment and for making novel
methods suggeateq by scientific discoveries practical.
Such development centers for definite tasks are more
efficient than separate lahboratorieg for certain
branches of science.

The use of sclentific means angd equipment requires
the infiltration of Scientific thought and knowledge
throughout the Air Forces and, therefore, certain
organizetory changes in recruiting personnel in
training, and ip starfrf work. Pertinent suggestions

are made in Chapter III of the first volume of this
report.

A global strategy for the applicaticn of novsl equip—
ment and methods, especially pilotless aircraft,
should be studied and worked out. The full applica-
tion of air power requires a properly distributed
network of bases within and beyond the limits of the
continental United States.

A8 new equipment becomes available, experimental pilot—-
less aircraft units should be formed and personnel
sSystematically trained for opération of the new deviceg.

According to the outconms of a practical testing period,
a4 proper balance between weapons directed by humans,
assisted by electronic devices, and purely automatic
weapons should be established.

The men in charge of the future Air Forces should al-
ways remember that problems never have final or univer-
sal solutions, and only a constant inquisitive attitude
toward science and a ceageless and swift adaptation to
new developments can maintain the security of this
nation through world air sSupremacy.

In your basic memorandum, you also desired recommendations
on the following questions:

”B .

What assistance should be given or ask from our educa-
tional and commercial scientific organizations during
peacetime?




Is the time approaching when aj) our scientists ang
their organizations myst

their time and resources
ture national peril and w

wAT period?

"d. What proportion of available money should he allocated
to research and development?"

Recomzendations on the first three points are included
in the sections of the report dealing with Cooperation between
science, industry, and the Air Forces. I ap Somewhat reluctant to
give a definite answer to your fourth question., 1 prefer to submit
thd following consideration. mOney to be allocated for research
and developasnt should be related to the cogt Of one year's aerial
warfare. It appears that spending for research in peacetinpe five
percent of one war year's expenditures, i order to be preapred
for or avoid a future war, ims not an exaggerated drain on the nation's
pocketbook. A quick inquiry showed that our large industria) con-
cerns spend a percentage of thims order of the total sunm involved in
their year's business for research. If in peacetime 15-20 percent
of the sum spent in a war
f the A{r Forces. the amount require
.hould constitute 25-33 pércent of the tota) Alr Forces budget .

Respectrully yours,

V/l-&vﬁ’?Ter77~ =

TH. VON KARMANY
Directar
AAF Scientific Advisory Group

-




The AAF Scientific Advisory Group was activated late
in 1944 by General of the Army H. H. Arnold. He se.
cured the services of Dr. Theodore von Karman, re-
nowned scientist and consultant in aeronautics, who
agreed to organize and direct the group.

Dr. von Karman gathered about him a group of Ameri-
can scicatists from every field of research having a
bearing on air power. These men then analyzed im-
portant devclopments in the basic sciences, both here
snd abroad, and attempted to evaluate the effects of their
application to air power.

This volume is one of a group of reports made 1o the
Army Air Forces by the Scientific Advisory Group.

This document comtarme mformation cflecting the natonal defemss of the United States within
e meoning of the Eiponage Act, 30U S.C, 3l and 32, oy amended. Ity traniminion or the
revelation of M conteah i any momer to on wnouthorized person i3 prohibited by low.
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SCIENCE AND AERIAL WARFARE

INTRODUCTION

1.1 There have been two wars on a world scale in our time, in which the pendulum
of victory seemed at first to swing far out in the direction of our enemies before indi-
cating the finsl decision. In the First World War, victory or defeat was decided main-
ly by human endurance. Science and technology played an important but to some
extent & secondary role. It is true, of course, that the superiority of the Allies in the
design and production of tanks, as well as the paralyzing effect of the complete block-
ade on all branches of German industrial production, contributed ‘vcry essentially
1o Germany's defeat in 1918, However, the complete exhaustion of human endurance
on the German side was the main fxcror in the decision. The second war had, from the
beginning, 8 technological charecter. The overwhelming technological preparation
of Germany sccured her frst brilliant successes on the European continent. The short-
" comings of the Lufiwafle in strategic bombing and the lack of experience of the Ger-

man Army and its consequent poor preparation for amphibious operations, caused
the attack against England to be stillborn. The mounting tide of Allied, especially
American, air power became finally the main factor in Germany's defeat. Even in the
East, although the bravery and endurance of the Russians were perhaps the most
important factors in stopping the German Army, the Russian march of victory to the
West could nat have been achieved without technological superiority, due partly to
Russian and partly to American production. An interesting sign of the technological
character of this war is the fact that the time in which superiority in aircraft could be
achicved was predicted, based on figures of industrial potential, at the beginning of
the war. The predictions were (aicly well verified by the actual events.

1.2 In addition 1o the technological character of this war, a new aspect became
evident, which did not appear 10 obviously in the war of 1914-1918. This new ele-
ment was the decisive contribution of organized science 1o effective weapons. Of
course, scientific discoveries have been used in all wars since ancient times; it is re-
lated, for examplc, that Archimedes concentrated the heat of the sun by means of
large mirrors to destroy enemy ships. However, never before have such large numbers
of scientific workers been united for planned evaluation and utilization of scientific
tdeas for military purposes. Qutstanding results of such planned cooperative research
are, on our side, radar and atomic bombs, and on the German side, jet-propelled
missiles. '

1.3 The recognition of the growing technological character of modern war
partly emerged from the experiences of the First World War, and the scientific charac-
ter of any futurc warfare becomes obvious in the light of the war which hgs just ended.
In this report an attempt is made 1o formulate some of the consequences of this con-
ception for the program of the Air Forces.
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THE POSITION OF THE AIR FORCES IN A SCIENTIFIC WARFARE

1.4 Unul recently it was not generally recognized that destruction from the air
is the most cfficient method for defeating an enemy. This fact has now been proved
by the results obtained in Germany and Japan. However, after the use of.th.e atomic
bomb, a strange change of opinion took place. Many leaders of public opinion seem
to believe that destruction by means of a few airplanes or missiles carrying atomic
bombs is the only method of future warfare, making a strong air force superfluous,
Others say that international control of atomic energy will make war impossible for
time to come.

1.5 We believe that all possible aspects of the complex problem introduced by
this new scientific achievement must be considered:

First, we must consider the possibility that international control of atomic energy
cannot be achieved in such a manner that the use of atomic destruction by potential
enemies is impossible.

Second, the case has to be considered that international control of atomic energy
will be achieved by agreement; it must be recognized, however, that such control will

probably have to be supported by force.

Finally, we must also assume that, in spite of the international control of atomic
encrgy and the outlawing of war by international organizations, the possibility of
desperate attacks against the United States or its vital interests somewhere on the
globe cannot be excluded.

1.6 The first assumption (international control of atomic energy cannot be
achieved) means total war, with full use of atomic energy on both sides. Atomic energy
will be used in the form of explosives, and, in all probability, as a means for jet pro-
pulsion. Atomic engincering and atomic industry will be simply a part of the war-
making potential of a nation, perhaps the most important one. Consequently, one of
the first aims of warfare will be the destruction of this potential.. Fortunately, at least
at present, production of atomic energy requires rather extensive plants, which can
hardly be completely hidden and made safe agaiast destruction. Of course, great effort
will be expended upon keeping secret the places of research, development, and
production. Hence, it will be one of the fundamental problems of the intelligence
service to gather the most accurate information possible concerning these potential
targets and evaluate it from the'scientific, technological, and military points of view.

1.7 It can be assumed that the first attack in any war will be against targets con-
nected with the production of atomic devices for destruction and propulsion. It is
evident that such an attack will be the primary responsibility of the Air Forces. The
places of research and production will certainly be removed as far as possible from
the land and sea frontiers. An attempt will be made, of course, to annihilate the ene-
my's installations by bombs carried by piloted and pilotless airplanes. However, be-
cause of intricate defense measures by the enemy, who will probably put the most
important installations underground, it may be necessary to land troops and to occupy
certain territories. Thus, all aspects of modern aerial warfare may enter iato the pic-
ture; strategic bombing. atr superiority, and airborne armies,
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It is evident that preparations must be made for strategic bombing of enemy
‘zargets involved in atomic work, by proper location of bases, especially bases for
pilotlessairplanes. In the Past, systems of fortification, communicarion lines, and trans-
portation facilities were built according to the strategic requirements of warefare on
land and on sea. Today’s strategic considerations refer to the three-dimensional space
surrounding the globe. They must be worked out with the same imagination and
thoroughness displayed by old-time strategists in solving the problems of attacking

and defending certain lines extending on the surface of the earth, or certain points
which controlled traflic on the seas.

1.9 It may be argued that the devastation and loss of life caused by atomic bombs
is so tremendous that total atomic warfare will never occur. I believe the answer is
the following: No man in the past centuries could, by any stretch of the imagination,
foresee the devastation and loss of life produced by two consecutive wars in our time.
Humans adjust themselves rapidly to new concepts. What is considered an incredibly
large loss of life today may appear inevitable in years to come. 1 believe we must agree
with Dr. Einstein's view that, even in case of total atomic warfare, humanity and human
civilization will not disappear. The number of lives lost in the two.wars, which were
separated by a relatively short interval, appears to us certainly disastrous. However,
there is no proof that economic pressure and human passion cannot produce conflicts
which lead to the annihilation of one-half or two-thirds of the population of a country.
Preparedaess certainly has to make provisions for such possibilitics.

‘1.10 The second assumption (that international control of atomic energy will be
achieved but will require support by force) seems to be the most probable solution
of the atomic problem within the next decades. Then, the main responsibility of the
Armed Forces will be the enforcement of international agreements. Here again the

nation must rely on a powerful air force. It will be necessary to strike at any arbitrary
point of the globe, to strike swiftly and forcefully. History shows that international
agreements have not protected the signatories and have not prevented wars, either

because there were no means available for swift and forceful action, or because politi-
cal reasons prevented their use. No branch of the Armed Forces except the Air Forces
can perform the required action in time to be effective.

1.11  The same requirements as in the second case apply to the third assumption
(unexpected treacherous attacks cannot be excluded in spite of international agree.
ment). Howevér, in the latter case the matter of efficient defense must be emphasized.
It must be realized that a one hundred per cent safe defense is impossible. It is easier
to make offensive action efficient by scientific means than defensive action, The high
speed of pilotless airplanes and missiles makes them almost safe against a hit; no
effective means is yet known for stopping such missiles, once they are launched, and,
the fact that one single airplane or missile is able to drop a bomb of immense destruc-
tive power puts an almost impossible task on the ajr defense. All that we can hope is
that absolute air superiority, combined with highly developed and specialized warning
and homing devices, will help us to erect an impregnable aeroelectronic wall, which
will reduce to 2 minimum the possibility of any enemy device slipping through unde-
tected and undestroyed. -
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1.12 The maian conclusion of these considerations is the necessity for a powerfy]
air force, which is capable of:

a. Reaching remote targers swiftly and hitting them with great destructive power,

b. Securing air superiority over any region of the globe.

¢. Landing, in a short time, powerful forces, men and fircpower, at any point
on the globe.

d. Defending our own territory and bases in the most efficient way.

1.13 It is evident that only an air force which fully exploits alf the knowledge and
skill which science has available now and will have svailable in the future, will have
a chance of accomplishing these tasks. Aerodynamics, thermodynamics, electronics,
nuclear physics, and chemistry must reunite their cflorts. In the following section, a
short review is given of the most important scientific facts. These fucts are importang
clements to be considered in selecting and training personnel and developing equip-
ment for the future Air Forces.

SCIENCE'S MAIN CONTRIBUTIONS

1.14  The development of aviation is a struggle against the limiations imposed by
nature upon man, created to live on the ground, but nevertheless endeavoring to move
in the unlimited space surrounding our globe.

1.15 As the problem of heavier-than-sir locomonion was solved in principle by
the discovery of the airplane, speed and range were confined to narrow limits, Wea.
ther and night appeared as insurmountable obstacles, and human skill scemed 1o he
an indispensable element for diverse uses of the irplane in peace and war.

1.16 Science has already removed many of these limitations:

a. By gradual improvement in aerodynamic design, the velocity and economy
of the airplane have been greatly increased. Airplane designers have continuously
endeavored to eliminate all possible drag which impairs cconomy: i.c., the parasite
drag, by attempting to make the aircraft essentially into a Rying wing; the turbulent
friction of the air by creating laminar flow around the wing. In recent years our know.
ledge of supersonic phenomena has increased the velocity of the sirplane and brought
it closer and closer to the speed of sound, which for a loag time appeared as a natural
upper limit. This knowledge has opened the door for winged aircraft, both piloted
and pilotless, to the threshold of velocities faster than sound. Uniil now only unmanned
ballistic devices have attained such speeds.

b. Novel propulsive systems, using the reaction or jer principle, have facilitated
s, because of their reduced weight and incecasing efficiency

of the atmospheric air and rocket-driven
altitudes in an extremely short time.

C. By gradual improvement, both in rerodynamic design and in engine contruc.
tion, the performance and economy of airplane transponation have been tremeadously
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increased. The apectacular increase in the range of gur military aircrafe and jn the
.cnrryiﬂg capacity of our cargo sircraft is an indication ofimproycd economy, Although
essentisl improvements in serodynamic and engine design can he ¢xpected to increage
airplance economy (urther, the smount of heat which can he released by combustion of
our most cflicient fucls perunit weight or perunitvolume, imposes a serious limitation
on any large incrense in range with Conventional fuels. The

use of nuclear energy,
however, may radicslly change this situation and he

Ip o reach almos; unlimited ranges,

at least in the case of sirceaft which do not carry human beings,

d. Navigation and instrument flying were greatly aided by use of (he radio even
in its carly atages of development. The recent extension of the spectrum of radiation
down to centimeter end millimeter wavelengths, and the application of the pulse and
ccho principles of radar, opened fundamentally new Possibilitics in e struggle of
aviation ageinst weather, clouds, and darknesy, Blind Ianding, blind bombing and
location of remote and invisible objects (sircraft or targets) are Paramount examples
of the contributions of radar technique. Sceing through darkness by night and seeing
through clouds by day hecame routine faces in military aviation, Fighter control from
the ground hecame an important element jn warfare. It appears thar a wide open field
cxists for progress in communication and other applications of radio and ele
which sre discussed st fengrh in “Radar and Communications,’
the AAF Scientific Advisory Group.

ctronics
" by other members of

c. Graduslimprovements 1" Ryroscopic devices led 1o the automatic pilot, which
matcesally relieves the human pilot. In addition, the development of Btyo and servo.-
motor devices made possible a Breat variety of remote control syste
able to transfer optical impressions by television devices, aircrafr or missiles can be
piloted to distant points from the ground or from the ajr by remote control. Radar
location devices sumilarly can be applied 1o the remote control of aircraft,

ms. Since we are

f. The progressin clectromagnetic radiation techniques made automatic homing
(target sceking) possible and effective. A radar ho mb was in use hy the U. s,
Navy in the Pacific at the close of the war, Infrared (heat) radiation proved to be ope

of the most promising methods. r have been applied to the

K Combinsuon of methods of dutomatc and remote control with homing
devices will lead to o complete solution of the problem of pilotless aircraft, having
tremendous speed, extraordinary range and ability to hittargets accurately. Although
pilotless aircralt will never completely eliminate manned atrcraft, they obviously will
take over cortain missions. Both in the German and 1n the Japanese theaters, our
strategic bombing forces brought utter destruction to our enemies with the clocklike

.accuruy of & great machine The future sim s to build up, for this purpose, a war
machine in the proper sense uf the word, consisting of technical devices only, and yet
directed in all detasls by the mind and staffl of some master strategist of the air.
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PLAN OF ANALYSIS

1.17 The abundance and variety of applications of scienufic ideas and devices in

aerial warfare, sketched very briefly above, put 4 tremendous tavk before the men
for the future Air Forces. For the most part the scientific foundetion of the
n laid, and other applications will emeege us
¢ of new knowledge.

responsible
applications mentioned has already hee
scientific research continues to be produttiv
1.18 The scientific-technological questions are only u small part of the whole
problem. We are fully aware that a report prepared hy men of science can contribute
only a small part of the solution.
1.19 Chapter H of this volume analyzes the problem of research and development
from the point of view of the technical requirements which the Air Forces must meet
in order 10 be able to carry out its task, securing the safety of the nation. It appears
that the main requirements in which scientific methods, scieatific research and develop.
ment play an important role, may be listed as the abilitics to:
a. Move swiftly and transport loads through the air.
b. Locate targets and recognize them.
¢.  Hirttargets accurately.
Cuuse destructon.
Function independently of weather and darkness.

Defecat enemy interference.

Perfect communications from ground to air and from dir 1o ar.

Defend home territory.

Chapter IHl contains recommendations of an organizatory character as {ol.

Fundamental principles for organization of rescarch.

Cooperation between science and the Air Forces.

Cooperation between industry and the Air Forces.

Adequate facilities in the Air Forces for research and develupment.
Induction of scientific ideas into command and sraff work.
Scientific and technological training of Air Forces personnel.

1.21 Further volumes of this general report contain indisidual studics prepased
by members and collaborators of the Scientific Advisury Group on the main scienufic
“topics. They may be used as a kind of guide for the direction of future rescarch, starting |
from the present state of the art toward the reaim of the unknown to be revealed in the
years to come.
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ANALYSIS OF RESEARCH PROBLEMS

MOVE SWIFTLY AND TRANSPORT LOADS
THROUGH THE AIR

2.1 This fundamental problem can also be described as the problem of the aerial
vehicle. 1o includes the design and construction of manned and unmanned aircraft,
subsonic and supcrsonic,

2.2 Looking back to the past, the acronautical engipecr cerrainly can be proud of
the performance of the present day airplane. Speed, rate of climb, and rangdé have been
multiplied by factors of considerable magnitude in the twenty-seven years since the
end of the First World War. A great portion of the progress was achicved during the
last decade in the six years of conscious preparation by the Army Air Forces and in
the four years of actual warfare. However, if the problem of war in the future is con-
sidered, we conclude that our best present type airplanes are still far from doing the
job which they will have to achieve.

RANGE V5. SPEED

3 The two great problems of aerial locomotion are range and speed. The ideal
solution is a combinauon of both,

2.4 Ranpe is imperative because of the global character of aerial warfare. We have
(o reach enormous ranges, distances as great as half of the length of the equator, in
order to be able to attack and occupy points located anywhere on the globe. With the
possible exception of an airplane driven by atomic energy, the design of aircraft to
carry very heavy loads o shorter ranges is essentially the same problem, because of
the interchangeability of fuel and pay load.

2.5 Speed s imperanve for effective action, safety against enemy countermeasures
from the ground, and superiority over encmy aircraft.

2.6 Hence, it appears that for the crystallization of our ideas concerning the de-
sired performance of future aircraft, we have to see clearly the fundamental relations
betw een range and speed. The range of an atrplane depends on three factors: (1) ratio
between drag and Lift, (2) fuel consumpuion per unit thrust horsepower, and (3) ratio
betw een the werght of the fuel and the toul weight of the airplane, at the beginning of
the tight. The first factor is determined by acrodynamics of the iarplane, the second,
by acrothermodynamics of the propulsive system, and the third, by construction and
material.




2.7 The critical factor is the lift-drag ratio, which decrca?cs ub'ruplly at the ap.
proach to sonic velocity and in the supersqnic fFaNge never AgAIN AtRing the favorable
values realized in the subsonic regime. Even if we are very optimistic as to the future
developments of our supersonic aerodynamics, l'l is improbable ?hu the extreme
ranges possible for subsonic airplanes can be rcaltzfcd for supersonic planes. On zh'c
other hand, the belief that supersonic flight is restricted to extremely s?\on ranges is
too pessimistic. For instance, if atomic energy can be used for propulsion, the range
of jet and rocket planes will increase to unpreccdcmcd ynlues. .Howcver. c.vcn wl.th
present fuels, improvements can be expected in the design of jet pltopupmn unity
which would bring the range of supersonic planes to 1300-2000 miles in the sub-
stratosphere and 3000-3500 miles in the stratosphere.

2.8  Intheexample represented by the diagram, the ranges are shown for two valucs
of the ratio between fuel and initial weight, 0.5 and 0.7. For the lift-drag ratio and the
thermal and propulsive efficiency of the propulsive system, best current values are used,
and the flight s assumed to be carried out at the optimum vulucs'. The nngc:s Riven are
for level flight at 20,000 ft altitude; fuel for take-off and climb 13 not considered.

2.9 The ranges realized or realizable with present engineering methods are dis.
cussed in detail in the report, “The Airplane — Prospects and Problems™ by W, R,
Sears and 1. L. Ashkenas, in the SAG report Aerodynamics and Aircraft Design. The
attainment of the values shown in the diagram, page 15, necessitates considerable im.
provements in acrodynamics, both in the subsonicand supersonic ranges, and radical
changes in the propulsion units used in the supersonic range. At supersonic speeds
the frontal area of the engine required for given thrust is the greatest impediment
and must be greatly reduced. The ranges given in the diagram should be considered
as goals of a systematic effort of the next decade to be achicved by close cooperation
between airplane and engine research groups.

AIRPLANE TYPES

2.10 No attempt is made to write the specifications for the aircraflt of 1969; how-
ever, it appears possible to indicate certain general funcfional requirements of future
aircraft. The following classification is based on the analysis of the functions of the
Air Forces given in paragraph 1.12.

2.11 The first function of the Air Forces is to reach swiftly, and hit with great
destructive power, remote targets. Two classes of aircraft will be used for this function:

a. Anaircraft which carries the means of destruction to the target and returns to
its base or lands at some other predetermined basc. This is the bomber in the proper
sense of the word.

b. Anaircraft which is expendable and hits the target by means of remote control
or automatic homing, i.e., a pilotless bomber.

2.12 The development of bomber aircraft, in the proper sense of the word, will
probably continue for a few years the trend followed in recent years. However, it is
not envisioned that bombers will continue 16 grow in size. Increase of size cannot
continue to increase speed and range indefinitely, but may be necessary to permit carry-
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ing sufficient defensive srmament. Such srmament in the future would include radio
controlied high-speed missiles, launched from the homber, which would serve a;
fighter cover in case of necessity. The greatest increase of speed and range must be
accomplished by improvements in acrodynamics and propulsive methods,

2.13  In the held of pilotless bombers the goal is the intercontinental missile
We assume s system of bases distributed in such a way that all possible target an‘:as'
in the world can be reached by such missiles. Two types of pilotless bombers should
he developed for this purpose. The first type should be a high-altitude, pilotless, jet-
propelled bomber, with a specd equal to shout twice the velocity of sound. This pilot-
less bomber will carry cither atomic or conventional hombs, Launched by rockets or
lifted to high altitude by piloted zirplancs, it will be capable of level flight uptoarange
of 2500 to 3000 miles. The second type zimed for should be an ultrastratospheric
piloticss bomber, equipped with wings, but not designed for level flight in the atmo-
sphere. It should be endowed with extreme velocity during the acceleration period.
The wings will be uscd for two purposes: (1) 1o increase the length of the trajectory,
and (2) to sccure a controllability which is not possible with the pure V.2 type pro-
jectile. The propulsion of this type of pilotless bomber will be accomplished by the
rocket principle. ’

2.14 Atomic energy may be used for propulsion in both types of pilotless bombers,
thus increasing their ranges to an unprecedented extent. (Cf. 2.51 t0 2.56.)

2.1% To secure air superiority various types of combat aircraft will be needed.
Tactical requirements will determine their design. The two principal categories
will always be bombers and fighters, although there will be overlapping of the duties
of these, as at present, and some bombers and fighters will also be developed for highly
specialized auxiliary tasks, such as photorcconnaissance. The very large battleship of
the air, bristling with dcfensive armament, seems destined to give way ultimately to
smaller bombers having superior performance, fighter control, etc.

2.16 An important problem is the development of special aircraft for airborne
armics. These sircraft must be capable of cruising at comparatively high speeds, while
still reraining the ability o land and take off at safe, low speeds from small fields.
Vigorous spplication of jet-assisted take-off, boundary fayer control, high-lift devices,
and decelerstiondevices on troop-carrier aircraft can make thispossible. Troop-carrier
sirplaces must also be specially designed for rapid and easy loading and unloading of
bulky items of ground equipment. ‘

.17 Every item of equipment in the Army (naturally, with the exception of railway
guns, heavy scacorst defense guns, and the like) must be air-transportable. However,
the number of different types and sizes of troop-carrier airplanes developed must be
kept down to a practical minimum. There is immediate need for an over-all study of
the weight and dimensional characteristics of every item of equipment in the Army.
Only & complete study can show what types and sizes of future troop-carrier aircraft
arc required to move the Army by air with greatest possible eficiency. However, the
entire burden of making the Army air-transportable must not be allowed to fall solely
on the atrcraft designee. There must be established a means of control over the weights
end dimensions of Army equipment to insurc that future equipment will be capable of
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This can be done and must be done without compro.

: ied in future aircraft. .
being carried in futu ny way. The cargo airplane and ground equipment

mising battlefield requirements in a
development progr
with the specific re
2.18 Gliders were used on a large scale (and with great cflectivencss) fo.r the fiest
time in the airborne operations of World War 1. The ('lcvclo;.atn‘cn! of gliders and
glider techniques must be continued since, at the present umc,.chas is the safest, cheap.
est, most acceptable method of landing heavy equipment during the lsslult.phlse of
an airborne operation. New glider developments 'sh()uld stress the following: nf!c.
quate crash protection for crew and cargo; low landing speeds a.mi use of flccclcranon
devices for shortening the length of landing ground roll; rapid unloading fhrough
wide, rear-loading doors; adequate protection uguin.st small-arms fire for pxl'm and
copilot; greater aerodynamic and structural efficiencies through rh.c use of high-lift
devices and metal construction; and the use of assisted takcoff techniques for decreas.
ing the length of take-off run required by glider-towplane coml_uinntiuns. I-Vcw gliders
(towed-aircraft) must be and can be casily designed fo‘r rapid conversion to low.
powered transports. This will eliminate some of the major shortcomings u!'glidm
because ferrying to combat theaters and use as short-haul transports between sirborne
missions will be possible. The advantige of having such a transpurt, which can be
easily and rapidly loaded and unloaded, for short-haul work immediately behind the
lines cannot be overemphasized. Promising new techniques for the assault landing of
heavy equipment must be developed and evaluated ractically. Important among these
are the assault transport, the method of dropping heavy equipment by mcans of para.
chutes and decelerating rockets, aircraft with jewisonable cargo compartments, and
rotary-wing aircraft. Stable (nonoscillating) parachutes with lower opening-loads
must be developed for paratroopers.

ams must be coordinated at frequent intervals by an agency charged
sponsibility of making the Army capable of movement by air,

2.19 The possibility of atracks by single aircraft with disastrous effects makes the
defense of our frontiers, industrial equipment, and bases one of the most important
tasks of the Air Forces. Piloted and pilotless interceptors arc envisaged as the main
instruments of defense. Speed and controllability are the main requirements for this
type of aircraft.

AERODYNAMIC PROBLEMS

2.20 Improvements in the lift-drag ratio proportionately increase the range of
an airplane. Therefore, efforts should be concentrated to attain such improvements.
In 1935, an eminent American aerodynamicist, who, ironically enough, later became
instrumental in the development of the laminar wing, declared that in his opinion
no more major progress can be expected in acrodynamic saence. He referred to the
fact that with the discovery of the wing theory, lift and drag became calculable quanti-
ties, and the performance of the airplune could be fairly exactly predicted Alsa, the
designer learncd the rules of streamlining and methods of eliminatng superfluous
drag by "cleaning up” the airplane. By use of systematc and detailed wind-tunnel
tests, this cleaning up process became almost perfect, so that further improvements
can be expected only in exceptional cases. However, even in the fairly well cxplored
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subsonic speed range, new possibilities appearcd with the discovery of the laminar
wing section and the efforts to design an cfficient flying wing,

2.21 The concept of the laminar wing is based on the fundamental fact that when
the flow in the boundary layer of a surface moving in air is laminae, (I‘?e surface friciion
is very much less than in the case when rurbulent motion takes place cr'1 the same layer,
The laminar wing sections which we are using in the prcan(-dly design, endeavor to
keep the boundary layer laminar over u portion of (hc. wing surftce': by means of ap
appropriate shape of the section. This method was applied in the desiga of quite a few
of our modern airplanes, with considerable success. The proposal was first receiyed
with skepticism. Several objections were raised; that the expected effects of drag re.
duction could only be obtained if the wing surface is extremely smooth, and that the
beneficial effect could only be atined for small values of the lift cocfficient, thys
restricting the benefit of the reduced friction to certain flight attitudes. Nevertheless, it
appears thart the initial successes of the lauminar wing sre o encouraging that in future
research we should strive to go the whole way, i.e., (0 (ry to secure laminar flow in the
boundary layer by positive measures along the entire wing and in a large range of
angles of attack. It is known that theoretically this aim can be attained by the so.called
boundary layer control. Results along this line are slready available, for example, in
the tests carried out by Professor J. Ackerer and his collaborators at the Technical
University at Zurich. It is true that the process requires extremely smooth surfaces
with relatively narrow slots extending spanwise along the wing. This might cauge
practical difficulties (for example, in the case of icing). However, looking into the
future, extreme smoothness might be realized by materials now in the making, and it
will certainly be worth-while to putin a great amount of research work to climinate
other possible practical obstacles. There is even the possibility of eventual elimination
of conventional movable control surfaces, by use of boundary layer control to eflect
changes in lift and moment.

2.22 The same principle can be applied also to reductions of the drag of sirplanc
bodies, for example, bodies with circular cross seciions. In the case of wings, it will
be necessary to subdivide the wing into a number of compartments with individunlly
regulated boundary layer control. In the case of bodies, it might be sfficient to spply
the control at a few critical cross sections.

2,23 The fundamental idea of the fying wing is the eliminstion of the parasite
drag contributed by such parts of the airplane as do not produce lift. The tailless ais.
Plane is an even more controversial subject than the laminar wing. As does every
unorthodox type, it introduces some new problems. The fact that the longitudinal
control is placed in the wing involves control force ch

from those occurring in conventional airplanes. Much discussed problems are the
proper method of securing directional stability, and the best arnngement for sweep.
back. As a marter of fact, the designs which have been produced up to now have not
yet brought a final decision concerning the relative advantages and disadvantages of
the flying wing and the railless airplane. However, as the global character of aerial
transportation, and especially aerial warfare, becomes more and more evident, it is
apparent that our present airplanes are inadequate to meet the demaad for range.
Therefore, the two methods promising essential acrodynamic Progress, namely
boundary layer control and tailless design, should be explored with sdequate facilities.
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2.24 The large decrease in the value of the lift-drag ratio at a Mach number of
. about 0.8 is due to the ruther sudden increase of the drag of the airplahe This increa0

is essentially due to the fact that the relative velocity of the air locally b.ecomes lar r:e
than the velocity of sound, Simultancously with the increase of the drag diﬁiculée:
are encountercd, in most cases, in the stability and control of the airplane,, Generall

these phenomens are designated as compressibility effects; we prefer to use the desig}:
nation ‘'transonic problem.” Obviously, in order 10 extend the speed limit of high-
speed sirplanes, 8 thorough investigation of the acrodynamic phenomena in the tran.
sonic range is needed. As & matter of fact, the aerodynamics of both the subsonjc and
supersonic ranges are better known than that of the transonic range, which extends
approximately between the Mach numbers of 0.8 and 1.2. One reason is that the
mathematicel analysis is extremely difficult, since the flow around the airplane is
partly subsonic and partly supersonic. Another great difficulty is caused by the unre-
liabiltity of wind-tunnel tests in this range. Flight tests, dropping tests, and measure-
ments on models carried by rockets are the main sources for experimental information,

2.29  Fighters and interceptors now in the making operate actually at the border
of the transonic range. Hence, every method which is able to raise the limit of the
rapid drag increase is of great importance. German scientists observed that increase
of drag of the wing can be postponed 1o higher Mach numbers by sufficient sweep-
back. This method is generally used now in the design of fast fighters and interceptors.
Designers are sceking means to reduce the excess weight and the difficulties in stabil-
ity and control connected with the swept-back wing shape. However, this solution is
not necessarily a final one. When our knowledge of aerodynamic phenomena in the
transonic range has been more firmly established, we may find methods for eliminating
the separation of the low hehind the shock wave, and the fundamental trouble, namely
the occurrence of shock waves. In the subsonic range aerodynamic research brought
rich returns. It can be expected that the same process will repeat itself and will lead
to the solution of the transonic problem.

2.26 One of the main questions in the supersonic speed range is the feasibility
of long-range flight. The supersonic airplane necessitates very high wing loading
with small size of the wing. Hence, in most cases, the volume available in the wing
for fuel or pay load is very small, and a disproportion appears between the sizes of
the wing and the fuselage. In other words, the resistance of the body in comparison
with the resistance of the wing is much greater than in the case of the conventional
subsonic airplane. It appears that the best solution is offered by a fuselage of large
fineness ratio. A rather thorough investigation of the problem was made by the Scien-
tific Advisory Group on this question. These investigations suggest that, assuming a
given ratio between fuel and total weight and a certain space required in the fuselage,
the range is essentially & function of the altitude at which the supersonic flight takes
Place. The preceding diagram, page 15, shows an example of the variation of range
with sltitude. The ideal application of such a supersonic airplane is the pilotless
bomber (Cf. 2.13). Similar types of supersonic airplanes will serve as pilotless inter-
ceptors (Cf. 2.19). The best speed range for the latter device may be bétween 1.2
and 1.5 times sound velocity. '
2.27  The fact that in the case of the supersonic airplane, the body resistance
contributes a relatively larger portion to the total drag than in the case of subsonic

7




Planes calls for study of an all-wing design. However, supersonic flight requires wings
with small thickness-chord ratjo, Hence, one can'create sufficient space only by using
4 wing shape of very small aspect ratio. It is fortunate that, in the supersonic range,
triangular-shaped wings give relatively high lift-drag ratios in comparison with other
plan forms. Hence, for manned interceptors a series of all-wing airplanes should be
tried, eventually with a small cockpit for a pilot. Such a series should extend from a
tailless airplane similar to the Me-163 to pure triangular-shaped airplanes.

2,28 Besides the lift and drag properties, the questions of stability and control
are the most important. The change of the flow regime introduces difficultics in the
transonic range. But also in the Pure supersonic range, very little is known about the
efficiency of acrodynamic conrrol surfaces and control forces. This field needs tho.
ough exploration by all means available, starting with wind-tunnel tests and ending
with flight rests. Possibly in addition to conventional means, displacements of weights
or direct control of the pressure distribution by modification of the flow, as in the case
of boundary layer control, are necessary.

2.29  The difficulties of landing are much more serious for supersonic than for
subsonic airplanes because of thejr high-wing loading. The wing loading decreases
with altitude and supersonic airplanes designed for stratospheric flight may land
without special devices. However, systematic investigations are necessary of high.lift
devices suitable for use on the thin, sharp-nosed airfoils thar are desirable for super-
sonic flight. This must include the problem of raising the maximum life of triangular,
low-aspect-ratio wings, and particularly of reducing the extremely large angles at
which such wings now attain their maximum lift. In addition, devices such as rockets,
which produce simultaneously deceleratory thrust and increase of lift for the short .
period of landing should be studied.

PROPULSIVE PROBLEMS

2.30 All our airplanes actually used in the war were propelled by propellers
driven by reciprocating engines. However, the progress made in the field of jet pro.
Pulsion and gas turbines and the experience gathered in Great Britain and Germany,
and also with our own experimental jer- i » enable us to choose the
best propulsion system for any future project. In broad lines, the merit of a propulsive
system is determined by two figures: the weight which has to be installed in the ajr-
plane for unit thrust-horsepower, and the fuel consumption per (hrust-horsepower-
hour. It is evident that for fligh s ion, small engine weight has the deter.
mining i

peller has higher Propulsive efficiency than the jet. However,
the following considerations appear important.

2.31 It appears to be rather difficult to attain radical improvements in the efficiency
of reciprocating engines, whereas a wide open field is available for improvements
in the case of the gas turbine. Hence, efforts should certainly be coancentrated on
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) 1 ©r to secure the advantages of

vibration, and reduction of nacelle drag connected with

arious engine systems, an intensive competition can be

expected, to reach the best fue| cconomy at the lightest possible weight and the smallest
space requirement,

2.32 The pure gas turbine has the advantage of simplicity, light weight and small
dimensions. The reciprocating engine has ar Present an advantage over the simple gas
turbine chiefly due 1o its utilization of higher pressures. However, it should be pointed
out that the advantage of the reciprocating engine holds for the cruising condition
only, but at maximum Power output the gas turbine equals or surpasses the reciprocat-
ing engine in fuel cconomy.
2.33

as turbine,
for instance:

Higher combustion temperature,

Higher pressure ratio.

a.
b.
€. Improving the aerodynamic efficiency.
d.

Intercooling between compressor stages.
Reheating the air between turbine stages.

Use of separate turbine for propeller drive,

These improvements involve partly metallurgical problems in search of better m.a-
terials, partly aerodynamic problems, finally design Problems to avoid undue penal-
ties in size, weight, and complexity.

2.34 Improvement of reciprocating engines appears possible by utilization of
somewhat higher pressure ratios, but in the Pure reciprocating engine this tends to
be offset by loss of heat in the exhaust, A Promising development is the so-called
compound engine in which the exhaust of a reciprocating engine drives a gas turbine
which feeds back into the drive shaft. istons of a reciprocating en-

2.35 With the practical realizatio

sion, aerial, maritime,

Science and industry a

and thermodynamic phenomena

doubtedly in this field the Air F i ive i ext decade the benefit of

many developments initjated by it will Be necessary to give indus.

try orientation in the direction i the Air Forces. Many of these re.
i dustry in any case might not be




primarily interested, for example, performance at extreme altitude and lnrge excess

power for short duration.

2.36  Jet propulsion will be generally used f()r‘ transonic nr'md s{upcrson.ic speeds,
i.e, in the speed range where the propulsive chlClL‘nC)" of the jet is superior to tha
of the propeller. However, the light weight of jet dcvxc.cs mrfy Justify their lx:se also
at lower speeds. For example, combined propeller and jet drive enables n‘n airplane
to cruise economically with the propeller drive at lower speed and reach high speeds

for short duration by means of additional jet propulsion.

2.37  The various jet-propulsion systems utilizing hydrocarbon fuels ig the at.
mosphere are listed in the SAG report Where We Stand, Theodore by Von Karman,

as follows: _
Reciprocating engine + ducted fan + jet Motorjet

Gas turbine + ducted fan + jet : Turbofan
Gas turbine + jer Turbojet
Continuous jet, compression by aerodynamic ram Ramjer

Intermittent jer. Pulsojet

2,38 The chief limitations of the motorjet are those associated with the recipro.
cating engine. Since the reciprocating engine has a large frontal area in comparison
with the gas turbine, units of lacge power become difficult to accommodate in the duct.

The motorjet is considered a transition stage between the conventional cngine-pro.
peller combination and the turbofan. It is not considered, therefore, an impon.m
item in a long-range propulsion program. It is interesting to note thag the Japanese
also had a motorjet which they considered an interim jet motor pending dcvc!opmem
of the gas tuebine,

2.3 In the turbofan the 8as turbine drives, besjdes its own compressor, a !lrgcr
compressor or fan in a duct. It appears to be a promising development for filling the
speed range between the turbopropeller and turbojet. It has the advantage of Rreater
efficiency over the turbojet in the high subsonijc Or transonic speed range becayse it
r the turbopropeller in the

voids the tip losses which propellers

ry little development on ¢his system up

which constitutes a diff.

- However, possi.
eliminating this difficulty
flight provided sufficient




development is concentrated on the subject. Since turbojets have
sion cfficiency at supersonic speeds, the effort of udapting them
should bring vialuable retuens, Supersonic acrodynamics applie
sign of compressors and gas wrbines also should bring worth.w
pilotless airplancs, expendable turbojets should be deve
only slightly greater than that required by their mission,
I.41 With increasing flighe velocity, the inlet ajr Pressure to a turbojet compressor
Cincreases due to ram compression, When the aircraft is flying ar sonic vclocityAthe
ram pressure is approximately twice the atmospheric pressure and an efficient ,duct
design is able to utilize a high percentage of this pressure. For supersonic velocities
beyond Mach number 2, the air pressure due to ram compression can be many times
the atmospheric pressure and we can well dispense with the mechanical compressor
and hence the turhine of the turbojet. The unit will then consists of an entrance air
diffusor, the combustion chamber, and the exir nozzle. This is the ramjet. The ramjet
is thus essentially a supersonic propulsive power plant. Its practicability at supersonic
velocities 1s already demonstrated. The present theoretical calculation shows rhat for
flight Mach numbers exceeding 2, the specific fuel consumption of the ramjet could
be as low as two pounds per hour per pound-thrust. This is comparable with the
specific fuel consumption of the turbojet. However, the ramjet has the further advan.
tage of light weight due to much simpler construction and higher thrust per unit fron-

tal area due to the higher combustion temperature permirted by the absence of highly
stressed moving parts, i

an excellent propul.
to this speed range
d to the blade de.
hile gains. For use in
loped to have an endurance

2.42 It seems then that the ramjet is the logical power plant for supersonic flight
with specds greater than twice the speed of sound. Of course for short duration
boost, even applications at subsonic or transonic speeds may be considered. How-
ever, here the fucl consumprion of the ramjet is high. Furthermore the drag of the duct
when not in use s very large. Therefore, if a turbojet or turbofan is the main power
plant of the aircraft, then a wiser plan is perhaps to inject fuel into the tail pipe of the
main cngine for obtaining a short burst of large thrust,

2,43 For supersonic application, it is essential to reduce -the frontal area of the
duct for low drag. This means a small combustion chamber cross section and high
flow velocity. Efficient and intense heat release at high flow velocity is one of the most
urgent problems in ramjet development. This problem and the problem of efficient
diffusor and exit nozzle design have to be solved by concentrated efforts with the help
of high speed wind twnnels.

2.44 The high fuel consumption of ramjets at subsonic velocities is due to the low
pressure in the combustion chamber obtainahle by ram. By carrying out the combus-
tion in a confined chamber, like an explosion, the pressure at the end of combustion
can be raised. This is the pulsojet. Its feasibility was first demonstrated by the engine
of the German V-1 flying bomb. This type of engine in its present form has a fuel
consumption between the ramjet and the turbojet in the subsonic and transonic range.
Thus, its advantage in simplicity compared with che turbojet is counterbalanced. by
the high fuel consumption. Therefore, the answer to the question of whether it will be
used for propelling pilotless aircraft in these speed ranges depends on two factors:
(1) the development of simple expendable turbojet units, and (2) the possibility of
improving the fuel economy by improved injection and combustion methods.
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2.45% At supersonic speeds, the presen
is definitely inferior to the ramjet. However, theoretical conside
possibih’ty of removing the valve and dcpcnding on the
valve action. If this could be done, then the performanc
parable with (.hn! of the ramjet. Here the choice betwee
cult because of present meager knowled
experiments can answer this question.

t type of pulsojet with the spring valve
rations show the
inertia of the air column for
¢ of pulsojet would be com.
n pulsojet and ramjet is diff-
ge of these power plants, Only continued

Jet-propulsion devices using chemical Propellants without the benefir of
the atmospheric air are called rockets, The combustion in the rocket motor is made
possible by having the oxidizer and fuel coatained either in a single compound or
in separate compounds. In the first case, we have the monopropellant; in the second
case, the multipropellant. Since the oxidizer is carried in the propellant, where
as for the thermal jets, the oxidizer, oxygen, is supplied by the atmosphere, the specific

ch higher for rockets than for thermal jets. For
rockets, this value is generally 14 to 16 Ib/hr/Ib-thrust, However, the rockets have
two distinct advantages when compared with other types of jet-propulsion devices:
First, the installed weight per pound of thrust of the power plant, excluding the pro-
pellant, is extremely small. For instance, the power plant weight for the V-2 rocket
is only 0.03 1b/ht/1b of thrust. The second advantage is that the thrust of the rocket
is independent of the forward motion and the altitude. In fact, the thrust of the rocket
even increases slightly with increase in altitude. These characteristics of the rocket
motor immediately indicate that their most efficient applications must be either (1)
for short operating duration so that the total weight of the power plant plus the fuel
is small in spite of the heavy consumption, or (2) at extremely high altitudes so that
no other power plant can produce sufficient thrust.

2.47  As far as chemical energy is concerned, no great advance can be expected
in increasing the heat value of the propellant so as to reduce specific consumption,
The future development must rely on detailed improvement of the characteristics of
the propellant so that a more compact and efficient power plant can be designed.

Since gas propellants require bulky containers, they are impractical for use in
aircraft. Therefore, we are restricted to solid and liquid propellants. The solid pro-
pellant may be the lightest unit if the application calls for very short duration, for
example, one to 30 seconds. Such applications are: assisted take-off, launching of
pilotless aircraft, and boosting of aircraft during flight. Such boosting may be neces-
sary when the aircraft has to pass through the sonic range of velocity. For short-
time solid-propellant rockets are able to develop a very high thrust. If the application
calls for somewhat longer duration, the liquid-propellant rocker will be, in general.
more desirable. There are three methods of feeding the liquid propellant into the
rocket motor, namely: by use of a pressurized gas, by means of a gas generator which
produces the necessary gas pressure, and by pumping. The first method can be applied
only for very short duration. For longer duration, one of the two other meth?ds must
be applied where the gas generator may be simpler in design and construction than
the pump.

2.48 If the rocket is to operate in the dense atmosphere of lower altitudes, as
in the case of antiaircraft missiles, the drag of the missile is of primary importance.
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We wish to reduce the frontal area and, hence, the volume of the missile. Then the
propellant should have the highest impulse per unit vo!umc‘:. At present, the .hcst
propellant in this respect is the nitric acid - aniline combination. If the rocket is to
operate in the rare upper atmosphere, for example V-2 rockets, the drag.; of thc. missile
is of secondary importance. Then, the propellant should have fhe hlg.hcs.t impulse
per unit weight. At present, the best propellant in this respect is the liquid oxygen
and liquid hydrogen combination. The extremely low temperature of the liquid
hydrogen may cause difficulties in the design. A more practical choice may be the
combination of liquid oxygen and liquid hydrazine.

2.49  For more efficient design of the liquid-propellant rockets, improvements
can be expected when we have a better understanding of the combustion and the flow
in the motor. The cooling of the motor should be particularly studiedforbuilding long-
duration rockets.

2.50  In case of solid propellant rockets, our aim in research and development
should be a more versatile propellant or a series of propellants which can cover the
range of applications as to operating duration and operating ambient temperature.
Much reduction of the unit weight can be achieved by reducing the pressure in the
motor during burning without causing unstable combustion.

2.51 Since the end of the war, the importance of atomic energy has become more
and more evident. Without doubt extensive research will be done in all countries with
the goal of using atomic energy as a source of power. From the point of view of air-.
craft propulsion the problem is centered on the question: Can we replace the com-
bustion chamber of a rocket or a thermal jet by a nuclear reaction chamber? In the
case of the rocket we have to transfer the heat released by the nuclear reaction to an
appropriately related Wotking fluid, in the case of the thermal jet, to the air.

2.52 The nuclear process in a system containing fissionable atoms, for example,
a uranium pile, is characterized by the so-called multiplication factor. This factor
indicates the increase of the number of neutrons produced by nuclear fission for
every free ncutron present in the system at a given time. If the multiplication factor
is larger than unity, a chain reaction occurs. The number of ncutrons, the number of
atomic fissions, and the amount of released energy increase exponentially with time.
If the multiplication factor is smaller than unity, the process stops. The first case
corresponds to an explosion in a combustion chamber; the second case is analogous
to an expiring flame. Hence, in order to substitute release of atmoic eaergy for stcady
fuel combustion, one needs a system in which the multiplication factor is exactly one.
One needs a method which regulates the process in such a way that the muluplication
factor is kept with sufficient accuracy at a value equal to unity.

2.53 As a matter of fact, such systems are already operating, for instance, 1n the
manufacturing process of plutonium. However, they operate at the present ume at
low temperatures and are relatively heavy, At the level they now operate, they would
be prohibitive for any aircraft or propulsive device. To be sure, the consumption of
material per kilowatt hour is negligible, practically zero. However, the initial weight
is large. By use of concentrated fissionable material the weight can certainly be e
duced and one can imagine that the present difficultics of increasing the temperature

at which the release of heat takes place will be overcome. Howeser, twa great impedi
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ments would remain: (1) The amount of fissionable material required for the process

represents a very high cost and investment in compuarison to the power used in any

mission of & piloticss aircraft. (2) The strong neutron and gamma radiation makes
the application in a piloted aircraft difficult if not impossible,

2.54 However, stomic engineering is ac the beginning of its history and it can be
expected that if the problems are clearly recognized they will also be solved. Evidentl
the first stage of development is finished: We have systems with a tremendous ratio be):
tween energy available for release and 'v’vcight. However, we have no poséibility as
yet, of relcasing energy at any reasonable rate without using 2 minimum amoun; of
material which represents an immense reservoir of energy out of all proportion to the
energy actually needed for one flight, with the exception of the case in which the same
fissionable matter is used both for propulsion and warhead. Assuming that the problem
of energy releasc is solved, the following situation would be realized as far as aircraft
propulsion is concerned,

2.5% In the case of the rocket ship, which does not use air, a working fluid has to
be carried in the rocket. One will choose the lightest gas, i.e., hydrogen, since for
the same energy released, hydrogen will give the greatest exhaust velocity and, there-
fore, the greatest thrust per unit weight of material consumed. It is estimated thar if we
are able to produce sufficiently high temperatures and high pressures, the thrust pro-
duced per unit weight of consumed material could be made about six times the present
value. This would increase more than thirty times the range of V-2 type rockets using
chemical propellants and would make rocket navigation possible up to the highest
altitudes beyond the stratosphere. The “satellite™ is a definite possibility.

2.%6 1f the substitution of nuclear reaction chambers for fuel combustion chambers
in ramjets and turbojets is feasible, the question of range would automatically be
solved. In other words, if a jet-propelled aircraft with atomic combustion chamber
could carry itself in the atmosphere, it would have practically infinite range, since its
fucl consumption s practically zero. For this purpose an atomic engine weighing as
much as cight or nine pounds per brake-horsepower would be acceptable for use in
large bombers for subsonic flight, but for greater performance, such as supersonic
speeds, a better specific engine weight would be necessary. This weight must include
all moderators and regulating devices, and radiation shiclding.

2.57 The application of atomic energy to the propulsion of manned airplanes will
probably be out of the question for a very long time because of the difficulty of protect-
ing efficiently the personnel from the disastrous effects of radiation. The necessary
shiclding, at least at present, implies prohibitive weight. However, for a pilotless air-
plane there are definite possibilities. The problem should be attacked urgently and
with adequate personnel and means. ’

PROBLEMS IN MATERIALS

2.5H Aircraft materials have been perfected continuously and new materials
studicd with much promise. Neverthless, it can be stated that we do not yet have
the ideal material which would fulfill both the requirements for strength and for
acrodynamic behavior. Whereas, for slow airplanes it was sufficient that the elastic
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limit of the material be not surpassed, for high-speed airplanes it is esesntial that the
aerodynamic shape of wing and body be maintained with a minimum of deformation,
avoiding any local waviness. Also, a perfectly smooth surface is necessary, and the
possibility of keeping the surface smooth in service. These requirements call for im-
provement in properties of known materials or discovery of new materials of low
specific weight, as well as development of methods of fabrication and production to
take full advantage of the material properties.

2.59 Another equally important requirement is the development of high-tempera-
wure materials for gas turbines and jet propulsion devices. Great advances have been
achieved during the past five years. However, the investigations were generally made
by purely empirical methods, without consideration of the fundamental character
of the solid state of metals from the physicist’s point of view. This more fundamental
approach will definitely open ways to new horizons in a ficld where old concepts
and methods seem to yield diminishing returns. For application to individual design,
a closer understanding of the particular requirements in each case will also aid greatly
in material development. We must choose among the multitude of material properties
(such as elasticity, plasticity, yield characteristics, impact strength, fatigue strength,
etc.) the most important ones for a given design, and not require the optimum in
every aspect. This means a closer analysis of the stresses of machine parts, especially
under dynamic and high thermal stress conditions.

2.60 An entirely new possibility is the introduction of ceramics as a construction
material. Ceramics are particularly heat resistant, as the melting points of these mate-
rials are generally much higher than those of the metals. However, the strength of the
ceramics now known is usually too low to be used for highly stressed parts. On the
other hand, ceramics have not been developed for such purposes before, and much
remains to be learned. Two points need to be mentioned particularly: (1) The cost
per pound of the ceramic material for machine parts could be many times that of the
industrial ceramic materials now used, and thus the possible choice of basic com-
ponents is much wider. (2) The ceramics can be used as a coating on metallic parts,
and thus the temperature resisting property could be combined with the high strength
property.

2.61 A different approach to the problem of increasing the inlet gas temperature
in gas turbines consists of cooling the parts of the engine exposed to high tempera-
tures. The cooling problem brings up new requirements for the material. Thermal
conductivity and thermal extension may become more important than creep at high
temperatures. The recently proposed methoed of cooling by injecting the coolant
through a porous material will promote the development of new alloys.

2.62 In rocket motors the need for high temperature resisting material has grown
with the increasing demand for longer duration of operation. In view of the very high
temperature involved in the combustion of rocket fuels, liquid-cooled chambers
and nozzles have been used for long-duration units. The erosion of the nozzle has been
a very difficult problem from the material point of view. It seems, however, that erosion
occurs only if the temperature of the surface reaches some critical value. Nozzles made
of very soft material (aluminum) have been used successfully when properly cooled.
It appears that the conditions the material should satisfy to operate properly in a liquid-
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cooled unit are different from those required for an uncooled unit. In the first case,
metals can be used almost exclusively. Thermal conductivity, thermal extension, and
machineability are the essential factors in this case. In the second case, most metals
will not stand the combustion chamber temperature, and the use of high melting point
metals (tungsten, molybdenum, tantalum) and of ceramic materials seems to be
justified.

2.63 In the design of nuclear reaction chambers, quite different characteristics
of the material must be considered, especially the absorption of neutrons, alpha
particles, and radiation, combined with high temperature.

ROTARY-WING AIRCRAFT

2.64  No mention has been made so far of aircraft different from the airplane type.
Certainly rotary-wing aircraft, in spite of serious limitations, have military applica-
tions in airborne operations, as well as a host of special duties such as rescue, liaison,
etc. The application of jet propulsion to rotary-wing aircraft is worthy of further in-
vestigation, and other forms of rotary-wing aircraft, such as the cyclogyro and gyro-
dyne, should be more fully explored. A somewhat fantastic idea is a helicopter driven
by atomic energy, which could serve as an observation station for a very long period
of time at considerable altitude, reporting data to the ground or to an airplane.

AIRSHIPS

2.65 The airship is in principle a slow-velocity aerial vehicle, with the advantage
of large cargo carrying capacity. Aerodynamic development and development in
propulsion may considerably increase the speed of the airship. Since the greatest
portion of the drag of an airship consists of skin friction, laminar boundary layer
control may cause a very essential reduction of the drag. Another less important im-
provement could be derived from a rear propeller drive, consisting of shrouded pro-
pellers located in the stern of the ship. Boundary layer control, of course, would
probably require a construction material suitable for forming a smooth surface with
sufficient local strength.
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LOCATE TARGETS AKD RECOGNIZE THEM

31 In urder to accomplish its mission the Air Forces must not only be able to
move swiftly and transport loads through the air by the movement must be directed
to bring the aircraft or missite and its means of destruction from a base to the vicinjt

of & military target which may be #nywhere on the globe. The target muset then bz
recognized. The technical problem is one of locating two objects, the aircraft or
missile, and the arget, with respect 0 some frame of reference and of bringing the
two locations in coincidence by guiding the aircrafe or missile. It jg convenient to
consider the problem in three successive phases: (1) Reconnaissance, or obtaining
advance knowledge of where targets are to be found so that an attack may be planned;
(2) navigation, or guiding the aircraft o missile from the base of operations to the
vicinity of the target; and (3) recognition of the target immcdiawly prior to its ateack,

RECONNAISSANCE

3.2 The basic feame of reference for locating targers is an accurate and precise
survey map of the earth’s surface, but hefore targets can be located on a map, we must
first know that they exist. The firse procedure will undoubtdely be to make factual
surveys of encmy industry, transportation systems, and military installations by the
usual methods involving agents traveling within enemy territory, study of prewar
cconomic data, and similar methods. The next Step is to obtain information by recon.-
naissance flights of aircraft or missiles ustng every known method of aiding the senses
of muan, including acrial phmuguphy. radar, heat detectors, detectors of radioactive
materials, ete. The cnemy will try 10 disguisc his main factories a
by camouflage and decoy targets and will Ity to interfere with the operation of our
scientific aids, for example, by providing smoke screens and by electronic jamming,
We must, therefore, employ a variety of means, comparing

nd other installations

the results of one against
the others. This problem of determining precisely where the target is located in the
first place requires the judgment which can only be supplied by the human brain,
and cannot be entrusicd wholly 1o any single mechanism as may perhaps be possible
in the navigation and attack problems.

AERIAL PHOTOGRAPHY

3.3 If accurate maps of the encmy’s territory are not already available they must be
provided by our own forces and the most feasible method is by means of aerial photo-
graphy. Mcthods of acrial photography have been highly developed and will continue
to be uscful cven if aircraft fly faster and higher. It may happen that difficulty is ex-
perienced with clouds and haze in which case radar methods can be used as discussed
in the next section. Maps made from aerial photographs may or may not show the
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actual location of all possible targets but they will show the shape and location of Cities,
important rivers, coastlines, mountains, and other natural features and they will serve
as the basic frame of reference for location of strategic and other fixed targets.

3.4 Aerial Photography is also used for detailed surveillance of cnemy territory
and for the detection of specific military targets. The long period of time which is
available for the study of reconnaissance dara usually enables the detection of decoys
and camouflage and permits exact location of the target. Concealment by camouflage
Can gencerally be defeated by color photography or stereoscopic photography, both of
which have been highly developed. Few pigments useful for optical camouflage match
the colors of the surrounding territory so perfectly that they cannot be detected by
color photography with suitably selected filters. Stereoscopic photography enables the
detection of the relative heights of objects in the field of view which cannot be changed
by application of paint.

RADAR SURVEYS

3.5 Useful maps can be made by Photographing the indicator scope of an airborne
radar and the dewi] s greater the narrower the radar beam, i.e., the shorter the wave
leagth fora given antenna size. Itis, in facr, desirable to provide special reconnaissance
radar equipment in a special aircraft whose express function is to provide large and
clear map-like presentations of the terrain suitable for photographing. Such records
are useful not only for making the usual line maps but as guides to bombardiers whep
radar methods of hom bing are used. Radar reconnaissance can be made ar night and
through clouds, It penetrates the nets and clothg commonly used as camouflage mate.
rials, and May even penetrate natural cover like forests under certain conditions.

3.6 Cities and large industrial installations are usually easily detected i radar
photographs. Smaller targets can be detected under suitable background conditions.
Objects surrounded og one or more sides by water such as bridges, piers, ships, etc.,
are easily detecred by modern radar equipment.

HEAT SURVEYS

3.7 Underground installations cannot be detected either by aerial photography
or by radar, and other means muse be sought, Any large industria) plant uses consider.
able amounts of Power which is eventually turned into heas by friction in the machines,
losses in electric motors, electric lights, air compressors, etc. In ap underground plant
the heat must he conveyed to the surface through a suitable venulating system except
in very unusual circumstances. The hot air exhaust pipe may be detecred by sensitive
heat me ted i ai ' - Gl¢ same equipment is effectjve in

1 nd in diﬁ’eremiating between real
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known as air pilotage or piloting, is useful primarily over land in clear weather and
over territory for which maps are available,

3.14 Over the oceans, also over land and above clouds when celestial objects are
visible, the methods of celestial navigation may be used. This procedure amounts
fundamentally to a determination of the position of the aircraft relative 1o the geo.
graphical position of one or more celestial bodies which isknown if the time is known,
Much ingenuity has been exercised in developing aids for converting the observed
daza into position of the aircraft in the shortest possible time. Attentjon should be
given to the problém of automatic celestial navigation of pilotless aircraft,

DEAD RECKONING

3.15 Dead reckoning is the method of estimating position by keeping an account,
or reckoning, of the course and distance from a previously known position, The basic
observed data are the air speed and the compass course, but suitable corrections muse
be made for air temperature and pressure to give true air speed, for declination and
deviation to give the true heading, and for the wind.

- In this device, the

ith true air speed automatically to give latitude and

longitude, starting from an initia] setting at a known position. The mechanism takes

account of the fact that a degree of longitude is of varying length at different latitudes

and functions accurately except at very high latitudes. The compass corrections may
be set in manually from time to time.

3.17 When science has perfected a satisfactory ground speed indicator not de.
pendent on ground stations, the mechanized dead-reckoning system, or ground posi.
tion indicator, will be a most i igati aid. Its weakness is that the errors

on continuously from some known

reckoning is the one method that is always available.

3.18 The navigation employed in the V.1 and V.2 long-range missiles was es.
sentially that of dead reckoning. In the case of V-1, the altitude was 2utomatically

. The vertical heading
m, and the propulsion
rmined by an integrating acceler.

ing not only on the type of measuring instrumengs and co
mospheric conditions. For example, the accuracy of current ajr position indicators ig
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such that the error infrccjucmly exceeds foyr perce
The errors of messurement and tomputation can Probably he reduced below one per-
cent with continued improvemen in instrumen; design, The Principal source of error

is the variability and uncertainty of the wing, This error decreases us the speed of the
missilc or nircraft increagey,

RADIO AND RADAR METHODS
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ed as for the radio-rmgc system at the frequencies com se of the effects
of terrain and ionosphere on the transmission giving rise 1o night effects, multiple and
bent courses, etc. In 80y system based on direction finding the errors increase with
the range. Perhaps the most elegant beam system is the modern German “Sonne”
system which allows an observer 1o determine his bearing relative 10 a land station
with an accuragy of the order of 1° 2t ranges UP 1o 1000 or 2000 miles,

Radar has developed many new techniques which are described in greater
detail in the reports of the radar consultants, Radar and Communications. The develop-
ment of microwave radar makes it possible for the NRVigator to “see” the terrain under
blind-flying conditions and 1o
and shorter wiveleagths,
bridges, rail lines, and other surface features,
greater than that of the eye,

50 to 100 miles,




3.23  The pulse techniques of radar have given rise to the development of 4 new

technique of position finding based on measuring dism.wcs rather than directions to
known points, hence called tefemetric. The kr_lmr.’n puints m/uy bc“fmrkcd by r:d"
beacons which provide strong identifiable amﬁc_.ml cch(?!. When “interrogated .})y
receiving a signal from a microwave transmitter in the nxrf:rnft. the hc‘lcon transmirg
an echo, and the time interval from pulse emission to receipt of echo is a measure of
the distance. Even a single beacon enables a fix within the accuracy st by the width
of the radar beam. Much greater precision is obtained by measuring s:mulnncously
the distance from two beacons, the procedure used in the British “"H" system and
Shoran. The traffic capacity of this type of system is limited.

3.24  Another telemetric method is the hyperbolic method in wh'ich pairs of ground
stations emit synchronized pulses. The pulses are received in the sireeaft and the time
difference between the arrival of pulses from the member of & pair is mexsured, This
locates the aircraft on a hyperbola and two such hyperholas give s fix. The aircrafe
requires only a receiver and the traffic capacity is unlimited.

3.25 The range of microwave systems extends to the optical horizon of only
slightly beyond. For long ranges a relatively low radio frequency must be ysed. The
hyperbolic system of navigation operating at frequencies of two megarcycles per second
or loweris known as Loran. The standard system now in use has s range over water of
700 nautical miles by day and 1400 miles by night with errors of from 0.1 10 10 miles
depending on the geometry of the lines of position. A system under development is
expected to have a range of 1200 miles by day and 2000 by night with errors of from
one to two miles at 1000 miles. Laborstory techniques of pulse comparison indicate
the possibility of improving the sccuracy by an order of magnitude,

3.26  The process of hyperbolic navigation may he compared with that of celestial
navigation. The determination of lines of position is essentially similur except that
the mathematics is more complicated. However, the unchanging character of the lines
of position obtained from fixed reference stations in contrast to the moving stars per-
mits precomputation. Charts may be prepared in advance for psirs of stations and
the results are permaneatly useful so long as the stations are maintined because the
lines of equal time difference are fixed with respect to the surface of the carth.

3.27

so that the output is either in the form of dia! couaters Biving Lorta coordinates or a
plotting board which wil} plot the position continuously on a Loran charr. It is then
a short step to connect the output to the rudder so that a predetermined reack may be
followed automatically.

3.28 Since hyperbolic navigation requires oaly & receiver on the aircraft or missile,
and the traffic capacity is unlimited, it is the most Promising system for the control of
large numbers of long-range ground-to-ground pilotless ajrcrafr. As now visualized,
special ground stations would be adjusted 50 that the hyperbolic line of position corre-
sponding to a fixed time difference for which the missile receivers Rre set passes
through the target. Aircraft could be launched from meay points in a large area; all
following a preset course until they intercepted the line of position

hange course and follow the line of position to the target. The alti-
tude would be controlled independently and the dive to the ground would be initiated
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by reaching the appropriate position linc of a secong pair of
of attack could be operated withoy, close coordination he
launching crews; thelr operations would he practical]

ground stations, Thjs type
tween control Broup and
Y independen,

MAGNETIC METHODS

well known. It has been repeatedly sug

carth’s magnetic field may yicld another

urements of the magnetic dip and of my gth give two numbers which
could serve a8 coordinates of position to he related to Ordinary‘geographic coordinates
by suitable surveys. The principal weakness of the method js thay a recent survey over
the teeritory 1o be teaversed is necessitateq by the secular variation of magnetjc pryo er-
ties. In addition, the Rccuracy would he severely limiged by diurnal variations I;an

magnctic storms as well as by the lack of suitable airborne instruments, The method
may be worthy of some further study.

RECOGNITION OF THE TARGET

3.3 As the aircraft or missife approaches the general vicinity of the target, the
bombardier, gunner, operator, or the mechanism of the pilotless missile (if of the
target-secking type) must find und recognize the target préparatory to the attack,
Most of the methods useful for feconnaissance are also useful for recognition with
the exception of Photography which takes too much time.

In the case of large and extended targets such ag cities, factories, or other
major instaliations above ground, when the visj
The eye may be aided by a suitable teles
acrial photographs and maps.

3.34  Skilled operators have no difficulty in recognizing many types of targets
dircctly on the radar indicator. Cities, bridges, piers, ships, islands, beaches at the
coast line, snd sircraft can all be recognized without difficulty. Special

available for detecting moving targets which are especially useful for aj

but which are also applicable to ground targets under some conditions.

3.35 If sgents are available in the encmy territory, they may mark targets otherwise
invisible by portable radar beacons or, in special cases, such marking beacons may be
dropped from the air.

7




3.36  Radar methods may be used to follow the aircraft or missile from groung
control stations and to direct the pilot or actually remotely control the mircraft o g
target whose map location is known by previous reconnaissance.
3.37 The reconnaissance methods using heat detectors, detectors of special types
of radiation from radioactive materials, magnetic measurements, or acoustic radip.
sondes dropped on the ground may find application in recognition of special targets,
These methods as well as radar are applicable to the homing control of missiles. In
fact any rarget possessing any peculiarity as to physical properties which set it off
from its background can be recognized by a suitable homing intelligence device,
3.38  Especially in the case of pilotless aircraft, the operation of recognition ang
control may be carried out at a remote point by the aid of radio repeat-back of infor.
mation from a television camera or a radar search set.
See further reports of the Scientific’ Advisory Group:
Guided Missiles and Pilotless Aircraft
Guidance and Homing of Missiles and Pjlotless Aircraft

Radar and Communications
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HIT TARGETS ACCURATELY

4.1 The degree of accuracy required for successful strategic bombing is one of
the most discussed topics of aeriy) warfare. Visua| bombsights were designed for
so-called pin-point Eombing. However, war experiences show that this type of bomb-
ing is.applicable only to a limited extent, because of weather and enemy’interference.
Hence, in most cases pin-point bombing has to pe replaced by area-bombing, i.e.,
by bombing with an accuracy obtainable by radar blind aiming, by dropping the bombs
simultaneously from a large formation, or by missiles equipped with automatic
pilot. In the future, bombing in large formations wil Probably be prevented by im-
proved antiaircraft devices. It will be necessary to revise bombing equipment in the
light of future methods of strategy, including the use of atomic bombs.

4.2 The ability to hit targets accurately s dependent on the
ance of the bombs, meteorological conditions, the accuracy of the bombsight, and the
abilities of the bombardier. The study of the aerodynamic characteristics of bombs
at low speeds has been well developed, but further Tesedrch is needed in the transonjc
region. A considerable loss in accuracy of bombing from high altitude, originally
attributed to the effect of high speed on the aerodynamic characteristics, was finally
traced to structural failure of che fins, However, there is some evidence of an adverse
effect of high speed on stability for certajn types of bombs.

aerodynamic perform.

4.3 Bombers require bombsights in order to hit the target. In general, it can be
said that the faster an airplane travels the Jess accurately it can drop its bombs. If
bombers are actually going to fly at speeds around 1000 mph it cannot be sajd with
certainty that present bombing precision can be improved upon or even maintained
in spite of ever increasing complexity of the bombsights. Errors in the relcase mech-
anism and ballistic trajectories become important at high speeds. The reaction time of
the bombardier will have a significant effect on precision.

4.4 Any sclf-contained bombsight has two parts, the sighting means and the
computer. In optical bombsights the sighting means is a telescope; in radar bomb.-
sights it is a radar. There are only trivial differences in computer design in the two
cases.

4.5 The faster the homber flies, the farther ahead the sighting means must sce;
above 400 or 500 mph only radar can see far enough and there is no sense in trying to
develop optical bombsights for such aircraft,

4.6 Bur a fundamental difhculty with radar is thar in order for it to see far and
also clearly, its antenna must be wide; this is a tendency in flat contradiction to aero-
dynamical trends for high-speed aircraft,

4.7 . Thedesign of hombsight computers aims not only at accuracy bur at decreasing
the time required for manipulation after the target is recognized. This has a profound
effect on what is required of the associated radar since the more time required to
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adjust the computer the father away the target has to l?c r’ccognizcd. and there is g
practical limit to this. The recent war has seen the beginning of the dcvcl()pmcn.t of
computers suitable for use in dive and glide bomhx:ng as well as f(?r offsee !mmhmg,
i.e., sighting at some more easily recognizable point whose position relative 10 the
target is known. These developments give greater freedom of flight path to the bomber,

4.8 Pilotless bombers whose range is limited to less than approximately 100 miles

may be entirely directed by means of precision ground-based devices employing radar |
principles. Extensions of the Shoran equipment to automatically control such aircrafe

can be perfected.

4.9  For longer ranges, studies should be made of the use of airborne relay stations
such as airplanes, rotary-wing aircraft, or missiles, and of combinutions of ground-
based directors with 2 homing device in the vehicle. In order to achieve long range
the ground stations must operate on relatively long wavelengths such as are employed
by the Loran system; this connotes low precision. Such means must thereby be em-
ployed to bring the missile to the vicinity of the target, whercupon the homing device
may take over control,

4.10  Studies of the eptimum locations of Loran stations for this purpose should
be undertaken; the possibility of mounting such stations on submarines should be
explored. The possibility of long-range guiding by automatic celestial navigation
should also be investigated.

4.11 The homing devices used may react to any radiation emitted from the target
or may, radar-like, themselves illuminate it. Radio waves, thermal radiation, light, and
certain of the high-energy radiations from nuclear reactions may be considered as
practical for homing purposes; if the device homes on radiation emitted from the
target, then to a certain extent it can automatically recognize the target. Thus, a device
made to home only on gamma rays would only home on unshiclded atomic power
plants, whereas one made to home on radio waves would neglect atomic power plants
in favor of radio transmitters. This advantage is not so favorable as it sounds however,
since the possibility of erecting decoy targets always exists, ¢ven for atomic energy
plants.

4.12 For extremely high-speed missiles like V-2 the homing problem is made very
difficult by the extremely long range required of the detecting device.

4.13 Magnetic airborne devices are not regarded as offering good prospects
for guiding pilotless aircraft. It is to be doubted whether devices sensitive to sound
will be of any use either.

4.14 - Means for guiding missiles may be ground-based or air-based regardless
of whether the missile itself is launched from ground or air. The particular tactical
need will determine which of the four possible combinations should be used. It may

prove upon further study that the guiding and launching means should be similarly
based.

4.15 The most difficult problem in launching missiles from the air is to launch
them in the proper direction, if the target is nearby, so that they will require a minimum
time of flight. The proposed defense of very heavy aircraft by this means may prove
particularly difficult for this reason. .
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4.17 Perhaps the major problem in the design of a pilotless bomber js the coordin-
ation of all elements to give stable operartion without excessjve hunting, i.c., systems
coordination. The lag characteristics of the intelligence device and of the autopilor
and associated servomechanisms are perhaps’ the mos: importaant factors, bur the

stability and accuracy are dependent on many other factors including the

aerodynamic
characteristics of the missile,

4.18 In addition to bombs released from manne
pilotless bombers, guns and rocket
stabilized either by tail fins like a b
new developments of the present war. Comparatively large
no recoil on the airplane from very simple launching device
continually improved with better knowledge of the acro
the development of rocket-sighting devices. Their effec
proximity fuses has greatly increased.

d airplanes or carried by guided
ot role in aerial warfare, Rockets,
Il, are one of the important
missiles may be fired with
s. Their accuracy has been
dynamics of rockets and with
tiveness by the application of

4.19 The development of fire-control equipment has had litle difficulty in keeping
ahead of the development of guns. The range, accuracy, and rate of fire of the guns are
not at all of a magnitude commensurate with the needs of aircraft traveling at super-
sonic speeds. Problems which must receive increased attention are the adapration of
guns and aircraft so that neither the aerodynamic performance of the aircraft nor the
effectiveness of the gun is imparied. One typical engineering problem is the elimina-
tion of vibration which impairs the accuracy. It will do very linle good to make
superior gunsights if the guns are not also improved.

the results of the study.

4.21 As the speed of airplanes increases to the supersonic range, a further limit on
accuracy is imposed by the unalterable reaction time of the human operator. In prin-

ciple, this difficulty can be overcome by making machines which are more and more
automatic. Some

- If such devices can be developed of
sufﬁciently fow weight, the man would be called upon oaly for the will to fight, a trait
which so far has not been built into any automatic device.
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4,22 It is certain that instruments of control will become more complicated in
structure as they are required to perform more and more functions formerly carried
out by men. The problem of instrumental reliability and satisfactory operation then
becomes urgent. ,

4.23 Reliability can only be assured by a continuing program of development noy
only of the instruments themselves bur also, and cqually important, of the component
parts of which they are made. Such development of improved components may not be
adequately supported by the ordinary economic forces of peacetime competition and
heavy financial support by the Air Forces may be necessary,

4.24  Satisfactory operation can only be assured by careful selection and training
of personnel and above all by careful designing of instruments in accordance with the
psychological and physiological needs of the men who are supposed to operate them,
A special staff of persons trained both in engineering and psychology may be needed
to carry out this kind of development. It would be the prime purpose of this group to
insure that the design of aircraft, of the offensive armament, and of the instruments
meant to control them are coordinated so that one integrated fighting machine comes
out. The present tendency to design an airplane and then hang on guns, rockers,
bombs, radar, and sighting devices as a multitude of accessories must cease,
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5.1 The war which just ¢nded was the first gne in which areial bo
a decisive role. An immense amount of work was put ingo
bombing instruments, and bombing tables. Mych of the
results of bombing and the cffectiveness of bombs was obt
vation and analysis. A peyw branch of terminal ba|ljgy;
effect of bombs on thejr targets. Since the heat re

plosives is near the Possible upper limit, gre. most efficiens
use of the limited amount of energy. Then wirh the appearance of the atomic homp,
the destructive pPower of one homp Was made cqual o the effect of 20,000 tons of
explosive. The question arises, should the cforts for further improvemeny in consrryc.
tion and use of conventional hombys pe continued, or should the whole material ayaj].

able be worked up for the archives and furthey study be concentrated on the atomic
phase of the problem,

mbing played

the developmen of bombs,

Present knowje,

ained by Systematic obsep.
oped, dealing with the

Our preseny molecular ex.

5.2 Itis true that after the discuvcry of the gun, archery gradually became 3 sport

instead of g military arr, Thijs Process of substitution was slow; however, analogous

processes in our age may become very rapid. Hence, We might argue thae atomic

‘bombs are the furupe means of destrucripn and we may forget aboyc conventional

bombs. The arguments againgg this zhcory are the fo”owing:
(1) Production facilitie

be restricted o the mostimportant actions. (

not be willing 1o use means of utter (e

may suggest the use of cony

warfare we shal]
political reasong
omic explosives,
5.3 Fundameneal features of nuclear Processes involyed in the functioning of the
Present atomic bomb do no Permit making them of considerably smajjer power
than those which have been ysed 2gainst Japan, The answer to the question whether
the development of conventiona] bombs shoujd be continued depends 1o 4 great extent
on whether the developments of nuclear science wij) produce a variety of bombs jn 4
range of sizes, adaptable 10 varioys missions. The 8ap between the effect of the largest
conventional and the present atomic bomb is im Warfare i directed primarily
10 securing the i i iminate destruction of others,

Hence, it appears that che velopment of atomic weapons

is to investigate the Possibility of smaljer Capacities. No oge €an tell today whether
and 10 what exteng this is possible. Since there is ne Buarantee that aromjc bombs
can be substityred completely for conventional bombs, the work on development and
improvement of conventional Weapons must he continued.

5.4 I'believe the Ajr Forces shoyld concentrate its efforr upon: (1) getting full in.
AN rmation about the destructive power of the i s5; (2) studying the
Jossibilities of the adaptation o i Tious missions which proved to

be effective against the war potential of the enemy in the last war; (3) studying the
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- possibilities of developing smaller size nuclear bombs perhaps hy.u'sing nuclear reac.
tions other than fission; and (4) making comparative studies of efficiency and costs of
past methods of strategic bombing and future methods using pilotless bombers loaded
with either atomic or conventional explosives,

5.5 Special study should be made of the problem of destruction of underground
establishments. In the last war submarine berths were attacked with bombs, but with
practically no success. It must be anticipated that a considerable portion of the key
industries of possible enemies will be located underground in order to escape bom.
bardment. Probably attack on communications leading to the underground factories
and depots gives the best possibility of successful neutralization of such underground
establishments. '

5.6 The destruction of air targets, r.e., aircraft and missiles, has rcc«:ivu_g tompara-
tively little scientific study. Recent tests by the War Department have shown that one
pound of high explosives exploding within the wing of an airplane will cause sufficient
damage to produce a crash or at least make return from a mission improbable. How.
ever, additional study is needed of the damage from blast and fragmentation at djsg.
ances within the range of proximity fuses. In this application of fragmentation as 4
means of destruction, considerable progress has alecady been made by the application
of scientific principles to develop controlled fragmentation, controlled both us to
size and general direction of travel of the fragments. The theory of blast is now welf
developed; from this theory, for example, it has been estimated that 20,000 tons of
TNT, which is said to be the equivalent as regards blast, of the atomic bomb, wil]
destroy an aircraft one to two miles away. The efficient design of warheads for air to
air missiles and ground to air missiles is dependent on accurate information on the
destructive effects of both ordinary and atomic explosives when vsed cither for blast
or for hurling fragments.

5.7 The destruction of ships offers many new problems in terminal bhallistics.
The penetration of the armor of bartleships and other men-of-war is essentially the
same problem as penetration of the armor of tanks. A scientific curiosity of the firs
decades of this century, the so-called Munroc effect, has been applied in this last war
to the development of hollow or shaped charges which have remarkable powers of
penetration. Ships are more easily destroyed by underwater explosions,

5.8 “Terminal Ballistics and Destructive Effects,” by Dr. N. M. Newmark (Part
I of Explusives und Terminal Bullistics) describes the present state of knuwh-dgc of
destructive effects of explosives. This report also contributes sugpestions for complet-
ing our information on the subject. Itis helieved that such o program should be carried
out because (1) in u transition period such information 1 certanty needed, and (2)
the final picture concerning the relation hetween the atomic and the comventionag)
explosive is yet uncertain,

5.9 The following conclusions regarding the selection of conventional weapons
for attack of various ground targers 4ppear to be generatly acg epred:

a. Themost effective high explosive bomb for arrack of hghtindustrial bulldings

is a GP bomb fused 1o burst between the root and the Hoor. Greater damage v pro-

duced o the building and to 1its contents with this fusmg than with StAntineons
fusings, or with cratering bombs,
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FUNCTION INDEPENDENTLY OF WEATHER AND
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FUNCTION mb:pznnv
AND DARKNESS

The goal of the A, +i.e., complere independ.
ence of weather, both or ing out offensive ang defensiye missions,
Flying mdependcmly of weather includes take.off, landing, apq traffic operations

without visiblh'ty, navigation withouyt contact and minimyum influence of the weather
situation and wind op the fligh, path and flying time. The main Tequirement fo, carry-
ing out offensive missi iy weather is the replacemen; of visya| bombing and

visual fire ethods. The Same methods ang €quipment whjch are
needed to carry out flight bombing and combg; Operations jn cloudy weacher serve the
same purposes on dark nights, :

BLIND LANDING

Utomatically of his
he aircrafy g deter-

method is inher
however, its tra

ranging from per-
at advanced military bases,

TRAFFIC CONTROL

6.3 Traffic control near an airfield i Peculiarly diffcyl; because of the congestion
‘ which exists ag such 2 foca] Point and the necessity of orderly approach to the landing
3 path. Microwav_e search radar, on the ground, is a powerfy] aid and s ag essential
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adjunct of the GCA system. It does not, however, solve all the critical ptohlcm.s, which
include communication and identification. It ought to be possible for n.ground con.
troller not oaly to know the position and altitude of any uircraft in the vicinity, but to
talk directly to any selected one. This requires a multiplicity of chun'ncl.s. and n.degree
of flexibility and reliability not approached by any existing communication equipment,
However, the voice communication techniques available at microwave frequencies
are very promising and should be exploited. Incidentally the heav'y investment in
existing types of equipment is exerting a retarding influence on this development,
which we consider extremely important for the future Air Forces.

6.4  Going even further, one can envisage means by which same of the information
available on the ground could be relayed to each pilot in the vicinity, almost com-
Pletely breaking down the barriers of overcast and darkness.

INSTRUMENT FLYING

6.5 Navigation without contact involves, firse, instrument flying, that s, controlling
the aircraft in a condition of reasonably steady flight on a given course, and second,
determining as frequently as necessary the position of the aircraft in ground coordin.
ates. We have to consider also obstacle detection or collision prevention,

6.6 Automatic pilots have been in use since about 1933. In the present form one or
more gyroscopes are used to detect rotations of the aircraft, the resulting relative
motion is translated into a signal which is amplified and operates the controls, Means
are provided to make various adjustments of sensitivity and to prevent self-oscillation,
The automatic pilot must he adjusted to the particular type of aircraft and the best ad-
justment often depends on the roughness of the air. Automatic pilots for pilotless air.

craft must be designed to operate without the necessity of manual adjustments in the
air,

6.7 Iastrument flying in all weather conditions requircs a solution of the icing
problem which is still a great obstacle to continuous operation of pilotless as wel] a<
piloted aircraft.

6.8  An aircraft flying blind can keep track of its position by the sort of aided dead

reckoning provided by the ground-position-indicator for some time after a fix in.

ground coordinates has been obuined, Even with further improvements in instrumen.

tation there will remain the inherent limitation due to lack of precise knowledge of the

igh resolution permits, over land at least, contace

‘ » which may be used on occasion as the sole means of

navigation or may more usually serve to establish frequent fixes for an automatic dead-

- reckosning instrument. Not all aircraft will be able to afford the space for this facility,

and, since the radar picture must be interpreted by a human observer, pilotless sircrafy
would be required to relay such a picture back to the controlling base.

6.9 A very important means of blind navigation is provided by the long range
hyperbolic system, Loran, which has come into wide use. A detailed discussion of the
future possibilities of this and relared systems is included in the report of the consul.
tants on radar. (See the SAG report Radar and Communications.) We should call
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particular attention to the ility of incrcasing the

very long range, which has an important bearing on the
aircraft far beyond the horizon.

accuracy ot sych systems ap
Problem of guiding pilot]ess

OBSTACLE DETECTION

5. Military operations fequire the Simultane
of aircraft under blind conditions, The problem

airborne radar with 360° view g Capable of performing this function within the
limitations imposed by its minimum range and resolving power. The minimum range
is fundamentu“y limited by the pulse length; it js about 125 feer for a I-microsecond
pulse. Hence, while the airborne radyr search set suffices to warn of the approach of
other aircraft, it cannor be used 1o guide formarjgn flying in bling conditions in the
tight formations employed in clear weather, However, there S€€ms to be no good
reason for close formations i bad weather.

Ous operation (f large aumbers
arises of avoiding collission, Any

G.11 It would he Possible to devise Systems smaller and less elaborage than a com.
plete search radar 1o perform solely the function of warning of obstacles, Whether
these would be worth while in themselyes depends on the type of formation flying,
and the type of aircraft, which dcvelop in the future,

WEATHER

6.12 Long range flights in Beneral will be carrieq out at altitudes “over the wea-
ther” thus avoiding most disturbances cays ed by the weather situation. For thig purpose
it is generally suficient to fly at 40,000 feer altitude at moderate Iatitude and at 50,000
feet altitude in the €quatorial zone. Alityde flying involves Certain equipment, especial-
ly supercharged engines and supercharged cabips. Problems occuring ac high altitudes
in gas turbine and jet engine Operation have 1o he solved. Furthermore, pProblems of
aeromedicine related 1o high altitude flying have 1o be pursued. (Ct. 7.11 ¢o 7.15.)
The influence of wind will be automatically minimijzed by the hig

h speed of future
aircraft. ‘

6.13 The age of the “All-Weather Ajr Force” is drawing nearer, However, it wij)
never be possible (o ignore the forces of weather. The key 10 all-weather flying lies
in knowing what rhe weather wi , ding its dangers, and circumventing
them. Circumvention can be achieved through the development of special equipment
(radar, new clectronic aids, television) and through carefy] selection of flight paths.
Use of equipment, choice of procedures, and determination of flight paths mugt be
based on the weather forecast. The weather forecast is yita also to ground force
operations. Fire controf necessitates corrections for atmospheric conditions, chemjcal
warfare cannot be conducted with Precision when 2 weather forecast is lacking, soi]
trafficability is a function of the weather, and ractics and Planning demand ap evalua.
tion of what furyre weather will be. Ng military operation is wholly freed from the
weather; many are bound closcly'to it.

6.14 Wartime resqarches led 1o
forecasting, weather observation, an




tary problems. Particularly noteworthy progte'ss was made in upper air rcscarc'hes.
Unprecedented quantities of upper air observations from all over the world provzde'd
the fundamental dara. Researches led to the formulation of new mcfhods of upPer gir
analysis and to the extension and development of fundamental theorics concerning the
dynamics and structure of the upper air. Major advances were also made in long-n.mgc
forecasting. Several long-range forecasting me[h(?ds were .developcd and .subufnfed
to rigorous trial, using specially devised mathemarical techniques to test d?elr validity,
The best methods were then utilized o prepare weather advice for pending military
operations. The development of new scientific devices, for f:xamp!e. radar, made
‘possible the development of new and improved instruments whtch‘cxtendcd the range
and accuracy of meteorological measurements. In turn, the effective use of radar re.
quired additional meteorological studies.

6.15 Future research must be directed towards improving weather forecasu’ng,
obtaining vital knowledge concerning the upper atmosphere and ionosphere, and
achieving all-weather flight. The theories and data obtained during the war must be
carefully checked and sifted to develop new forecast tools. The advent of new weapons,
such as the atomic bomb, guided missiles, robot planes, and very high ceiling aircrafy
makes it fecessary to obtain observational data for the upper atmosphere and igng.
sphere and 1o develop theories that will make forecasting practicable for these high
regions. This involves research in highly specialized branches of Physics and meteor.
ology, for such factors as cosmic rays, terrestrial magnetism, ionization, and special
radiation effects become important in the high atmosphere. In the achievement of ajf.
weather flight, the weather obstacles to be avercome in flight must be described and

the science of the
asing importance to the military. To keep abreast of
modern military developments, research in meteorology must be vigorously pursued.

6.16 iti 8 of weather aver large territories has not been seriously
considered in the past; however, the Progress of meteorological science and the possi-
bility of introducing in the ajr large amounts of energy by nuclear methods, might
bring this aim into the realm of possibility, For example, the amount of energy re.
quired for forced local release of atmospheric instability in the case of convective
storms and for the dissipation of fog should be within the limits of available energy
from atomic sources, The general problem consist i of three parts: (1)

as dependent on the presence or absence of

ures; and (3) means of applying the controls, such as adding

energy in certain regions, modifying the reflection coefficient of certain areas, etc.
It seems possible, with the aid of electronic computers, to produce a mode! of a certain
region of the earth’s surface and the existing weather situation, which can be used not

only for fast weather prediction, but also for direct rapid ¢xperimentation, on & mode]
scale, with various control methods,

See the SAG report Weather, by 1. P. Krick.
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ssure suits and other uero-medical techniques,

tained as high as possible by use of pre ‘
and probably by use of the Prone position in very fast interceptors.

HIGH ALTITUDE

7.5 To secure air superiority it is necessary to reach ¢qual or higher altitudes
than the enemy. Rocket-driven aitplanes are especially suitable for extreme altitudes,
because their propulsion is independent of atmospheric air, slthough their flight dura.
tion is inherently limited. Hence, it will be necessary to use every possible means 1o
adapt other types of jet propulsion to high altitudes. Improvements in combustion
and improvements in compressar design are the main requirements, especially the
climination of difficulties which are encountered in compressor cfﬁcicncy when super.
sonic flow occurs in the machine.

"HUMAN LIMITATIONS AND CAPABILITIES

7.6 The human element, both on the ground and in flight, is of ptramount im.

portance in global operations directed toward ataining air supremacy. The study of
this elemeat is the concern of aviation medicine which includes: (1) the intia) selection

of personnel on the basis of those human qualities which make for cfficient combar

airmen with emphasis on vision, hearing, reaction time, neuropsychiatric normality,

cardio-respiratory efficiency, physical Prowess and psychologic adaptabiliry; (2) the

training of aircrews in the technique which will enable them (o perform cfliciently,

independently of weather ang darkness, under the unusual stresses produced by high

speed, high altitude, great mancuverability, rapid changes in barometric pressure with

changing altitude, and instrument flight and contact with the ¢nemy; (3) the effect of .
flight on the human organism; (4) the maintenance of health, eflicien

7.7 Inasmuch as human tolera adily progressive in-

crease in speed, ceiling, 1 il ircraft has resyjreq in a

progressively smaller margin between psycho-physiological requirements and human

tolerance. Once supersonic speed is exceeded, this margin will be of paramount im.

nce, it is essential (o determine under all

uman tolérance as given by nature and the limijes which can be

selection, training, and the use of special protective devices,

such as a G-suit, in order 1o urilize fully new aircrafr in combatoperations, Of necessity,

the performance of Preseat and future aircraft will he based in part on human limita.
tions and capabilitjes,

be
er but the problem of survival of
Id, is just beginning,
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7.14  All aircraft designed for extreme high-altitude flights (ten miles and up)
must be equipped with pressure cabins and ideally should be maintained at an absolute
pressure of 4.4 psi or over. Pressure suits have been built that satisfy this requirement
but have proved to be extremely cumbersome and awkward.

7.15  Experiments on human subjects have shown that the human body can tolerate
a relative expansion of internal gases of 2.3 during any explosive decompression of a
pressure cabin or a pressure suit. Above 50,000 ft, however, it is virtually impossible
to protect a pilot by proper choice of cabin pressure condition from both the dangers
of anoxia and expanding internal gases. Loss of cabin pressure at any altitude above
50,000 ft will place the pilot in sufficient danger to require emergency protection
from some form of pneumatic clothing, a practical version of which has yet to be
developed.

7.16  Emergency escape from an aircraft, while traveling at extremely high speeds
(transonic and supersonic), and at high altitudes (10-50 miles) will require many
special considerations. A parachute must be developed that will relieve the very high
expected opening shock and will be free of oscillation. For this purpose, the Germans
developed the ribbon parachute. Emergency oxygen must be carried, probably in the
parachute, and for bailouts above 50,000 ft, some protection must be provided against
severe anoxia and aeroembolism. Methods must be provided to eject the flyer free of his
damaged ship. Ejection seats as an escape method are only practical for subsonic
speeds. Full-face oxygen masks will protect the face from wind blast and cold. The
concept of an ejectable cockpit, properly pressurized, is at present the best probable
solution to escape at extreme altitudes. For such a cockpit, a stabilizing parachute is
required as the speed drops through the transonic range. Larger parachutes free of
severe opening shocks will be required to reduce descent to a safe value for striking
the ground. Alternately, the cackpit could be unsealed automatically helow 50,000
and allow a conventional parachute descent. Automatic opening devices should be
used throughout the sequence of events.

7.17  The high skin temperature of supersonic aircraft will require special protec-
tion for the pilot against heat prostration. Air-cooled flying clothing will be a require-
ment. Proper choice of insulation on the cabin will be a factor. As the speed of the
aircraft drops to subsonic levels, protection against the cold for the pilot must be
considered.

7.18  Since some rocket-propelled aircraft may use liquid oxygen s one of the
fuel components, this liquid could be used as a source of cabin pressurization, as a
source of oxygen for the pilot, and as a method of cooling an air ventilated duct for
protection against excessive cabin heat. For rocket propulsion, using toxic liquids or
atomic energy sources, protection must be given the pilot against noxious gases or
radiation.

COUNTERMEASURES

7.19 High speed, maneuverability, and high altitude are the means of escaping
interference from ground defenses. However, we must attribute to the enemy the same
highly developed weapons of defense which we try to develop. Hence, it appears im.
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7.20 A technically competent enem

which carries the radar and the bomb, We have seen in the war
of weapon and counterweapon in the fields of radio and radar, Aq certain times we
enjoyed the advantage of a new technique, temporarily unknown to the enemy, and
hence, of a period when a new device (for example, microwave ASY radar) could be
used with impunity. It would not be wise to Count on many such advantages in the
future, and it is, therefore, important to assess the vulnerability of new devices at an
early stage of their development, In the reports of the individua] consultants on radar,
communications, infrared, and guided missiles, the specific problems of counter.

measures are taken up. It is worth while to present here certain broad conclusions
which emerge from these studies:

just past a lively battle

a. The fact that an electronic device can,
them can) does not necessarily mean that it wil
its military value, The problem of jamming,
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electric power and energy and well-known
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I be jammed so as 10 impair seriousty
realistically considered, is not merely one
the enemy has an unlimijted supply, but of
physical laws, It may be made uneconomi-
vice of ours, even though he regards itas a

b. The developments in radar and related fields which promise the most in
freedom from enemy interference are the use of a diversity of frequency channels,
rapid tuning from one channel 1o another, higher power, and where consistent with
other requirements, more directive beams of radiation, The opening up of the micro-

wave region of the spectrum has, on the whole, made the task of the would-be jammer
much more formidable.

¢. Radio links used for remote guiding and control, or for transfer of intelligence
from and to unmanned aircraft, will probably make more and more use of the “com.
bination-lock” type of security, exemplified by electronic pulse coding and decoding,
in contrast 1o the "“concealed-button"” type of security, which involves the dangerous
assumption that the enemy cannot readily discover what we are doing.
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protection against excessive cabin heat. For rocket propulsion, using toxic liquids or
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perative to have in our sirplanes means for detection and deflection of target-seeking
devices aimed at them. This is one of the many problems which concern counter-
measures 8gainst new remote-controlled or homing devices,

7.20 A technically compete

measures directed at our own e

of weapon and counterweapon in the fields of radio and radar. At certain times we
enjoyed the advantage of a new technique, temporarily unknown to the enemy, and

hence, of a period when a new device (for example, microwave ASV radar) could be
used with impunity. It would not be wise to count

future, and it is, therefore, important to assess the v
early stage of their development, In the reports of the individual consultants on radar,
communications, infrared, and guided missiles, the specific problems of counter-

measures are taken up. It is worth while 1o present here certain broad conclusions
which emerge from these studies:

0n many such advantages in the
ulnerability of new devices at an

a. The fact that an electronic device can, in principle, be jammed (and most of
them can) does not necessarily mean thar it wil] be jammed so0 as to impair seriously
its military value. The problem of jamming, realistically considered, is not merely one
of ingenuity, of which we must assume that the enemy has an unlimited supply, but of
electric power and energy and well-known physical laws, It may be made uneconomi.

cal for the enemy to interfere with some device of ours, even though he regards it as a
serious threat.

b. The developments in radar and related fields which promise the most in
freedom from enemy interference are the use of a diversity of frequency channels,
rapid wning from one channel to another, higher power, and where consistent with
other requirements, more directive beams of radiation, The opening up of the micro-

wave region of the spectrum has, on the whole, made the task of the would-be jammer
much more formidable.

c. Radio links used for remote guiding and control, or for transfer of intelligence
from and to unmanned aircraft, will probably make more and more use of the “‘com-
bination-lock” type of security, exemplified by electronic pulse coding and decoding,
in contrast to the "concealed-button” type of security, which involves the dangerous
assumption that the enemy cannot readily discover what we are doing.

d. Concealmentand camouflage against detection by radar and other means have
been developed vigorously and will continue to develop. We must keep active and
alert in this field, if only to be able to anticipate the countermeasures to which our
devices may fall victim, '

c. In general, electronic warfare puts a premium on ingenuity, speed, adapta-
bility, and alertness. Against the countermeasures of a determined and technically
advanced enemy our only permaneat military assets are well-informed, resourceful,
scientific personnel, and a fiexible production organization.
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PERFECT COMMUNICATION FROM GROUND TO AIR
AND FROM AIR TO AIR

8.1  The preceding discussion has assumed accurate and reliable communication
between the airplanes involved, and between the airplanes and their base, Present
aviation communication, while fairly satisfactory, still lacks a good deal in realibility
and ability to make contact. However, if the present rate of development continues, the
requirements of the projecied Air Forces can be met in 2 relatively few years.

8.2 At present the communication problem is divided into two parts:
2. Lisison communication for the long-range transfer of information between

individual sirplanes or flights of airplanes and their base, distances from a few hundred

miles to seversl thousand miles.

b. Command communication between the members of a group or formation
of planes.

8.3 Future avistion communication will undoubtedly retain these two subdivisions,
and will probably include a third, namely short-range communication between air
bases and airplsncs, for the purpose of guiding offensive operations,
and lending control. This may include visual presentation by televi
ment indication, as well as voice communication.

traffic direction,
sion and instru.

8.4 The lisison system must operate on frequencies between one and ten mega-
cycles. This is because radiations at higher frequencies follow essemially line-of-sight
psths, while lower frequencies, such as are used for transoceanic communication,
require antenns lengths which cannot be accommodated, even in the largest bombers.
In order 10 obtain communication at & distance in the frequency range available for
lisison work, it is necessary to deepnd upon ionospheric reflection, and to obtain re.
liability it is essentisl to select from among eight or ten bands in this region. Because
of these limitations, liaison communication is limited to between five and ten speech
chaanels. This means that the communication must be very highly organized in order
to economize in the channels needed.

8.% The use of teletype systems and special voice coding can greatly reduce the
frequency bandwidth required for a communication channel. By adopting these
means, a great maay more channels become available. This may become an important
part of lisison.

8.6 Long-distance communication of the liaison type may be supplemented by a
high-frequency relsy system. This will make available a large number of channels,
which can be used for liaison. However, the longer wavelength direct liaison chanaels
must be retsined in the event the relay chain is broken.

8.7 Command communication sllows a much greater latitude in the selection of
the frequency at which it can operate, since only line-of-sight is required. In practice
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it will be carried on at as high a frequency as possible, in order to muke available g
maximum of communication channels, limited only by the state of technical develop.
ment, antenna considerations, and the molecular absorption of the air.

8.8 At present, command systems operate at frcqucxxcitfs «round a hundred mega.
cycles. In the immediate future the frequency should be increased by a factor of gt
least ten, and perhaps much more. There will be available 2 large number of communi.
cation channels at these upper frequencies, so that each airplane in the group or for.
mation can be assigned individual channels, in addition to general and emergency
channels shared by the whole group.

8.9 The channel space available can be used not only to give a large number of
bands, but also to protect the system from jamming, interference, and 1nterception,
by using special forms of modulation, multiple channels, or other refinements.

8.10  With the large number of channels to he employed in this type of operation,
it is imperative that the individual units be integrated into a closely knit practical
system. This can be done following practices similar to those employed in ordinary
telephone systems. Each airplane in the formation would be assigned a frequency or
pair of frequencies on which he would communicate with anyone calling him. In order
to call another airplane, the calling transmitter and receiver would he tuncd to the fre.
quency of the station being called, simply by manipulating a numbered dial similarto a
telephone dial. While certain problems connected with frequency stability temain,
steps have already been taken toward their solution in the use of a single stabilized
oscillator to control the frequency of both transmitter and receiver, various feedback
systems, and similar measures. In such a nerwork it would be esseatial that certain
master channels be kept open at all times for the reception of general commands and
emergency instruction. Since these channels must be available whether or nota station
is calling another airplane, this arrangement may require some duplication of equip-
ment. This will not be seriously objectionable, because short-range, high-frequency
radio equipment can be made relatively small.

8.11  Certain command operations may be aided by highly directional transmission.
Communication of this type can be carried out very efficiently in the microwave por-
tioas of the radio spectrum. Laboratory models of receivers and transmitters are at
present in existence, and the technical availability of this equipment is assured.

8.12  The extremely high-frequency portion of the radio spectrum, that is 60,000
megacycles or more, has certain properties which may be of value for short-range
command systems. Here the molecular absorption of the atmosphere beigns to be
important. This means that the signal is attenuated very rapidly with distance. Thus,
it would be possible to carry on communication between airplanes in a formation
and yet maintain radio silence as far as ground detector or more distant airplanes
are concerned. However, before such equipment becomes avilable for practical
aviation application, it must go through a long period of research and development.

8.13  For single-seater fighters and other aircraft where one man must perform a
great many operations, as well as act as radio operator, it may be necessary to supple-
ment voice communication with an indicating system, with a semipermanent record of
the message. Developmental equipment of this type has already been produced in the
form of the British “Beechnut’ and American “Volflag.” These units not only give an
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nnunciator presentation of the measage, to be read by
a

the pilot, bug also give an auto-
wtic answer-back when the equipment carrectly re
n

cords the signal, This type of

quipment can be made highly selective and jam-proof.
(4

414 Pacsimile may also serve as an adjunct 1o voice
cransmission of large nmf:um.s .of information over g relatively narrow channel.
Furthermore, this informetion iy 19 the form of a permanent record. The information
which can be transmitted muy be in the form of maps, pictures, or charts, in addition
to written words, which in iusclf can be of considerable value, Because the bandwidth
required is somewhat greater than is needed for specch transmission, jt probably will

not be used as lisison equipment, but will be operated ar command frequencies and
on radio relay chains,

tommunication. It allows the

815 In order to carey out successfully farge-scale aerial operations under all
weather conditions, it is necessary to provide very complete contact between the air
base and sirplanes leaving or epproaching the base. When large numbers of airplanes
are involved, voice communication will not be adequate, but must be supplemented
by some form of visurl zid. A modification “'t the “Teleran' system can provide the
required contact. With this system, (!'u- location and al.!itude of all airplanes in the
neighborhood of the base are determined by radar tquipme
This information i3 electronically plotted on maps of the
above the air base into a predetermined number of‘levcls. A picture of the map and the
airplanes at & given level is transmited by television to the airplanes at that level.
Thus, the pilot of every airplanc at cach Icvcl. l'mox.vs the whereabouts of every o.ther
airplanc at his altitude, and the danger of collision is Breatly reduced. The transmitted

map carries with it appropriate mceteorological information and any instructions that
may be necessary. Blind landing and take-off aids are

lowest level.

nt at the ground station,
terrain, dividing the space

also provided for airplanes at the

8.16  This system gives the ground sation complete control of th? airplanc's in the
vicinity and makes possible the cgnccm;ation of larg.e nurrTbers of.axrcraft with rela.
tively little danger. It also makes it possible for the air station to direct
of large airplanc formations and perform other functions nece
activitics on a large scale.

the grouping
ssary in carrying out air
817 The three classes of communication described will provide for .the inter-
change of information required for imcgra(cd airactivityona large scale. In its pres.em
state of development, the radio art is in a position 1o supply m ost of the technical
means for liaison, command, and air-bhase control. However, radio resea.rch shou?d. be
encouraged 1n order to improve present means andv dm\*clop new e.quxpmet?t gwm%
better performance. (Sce the repon "Axrcr.m‘ R;dm Communication Equipment,
Part H1 of the SAG report Radar and Communications.)
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DEFEND HOME TERRITORY

DETECTION AND WARNING

The fiest problem of defense detection and warnin

is
of England was attributed largely 1o long-wavc!cngth, ¢arly warning radar, installed
at the time of the Munich agreement. This €quipment coujd detect aircrafy atarange of
150 miles at normal cruising altitudes, although its resolution was sg [y that it coyld
not separate as distinct indications tWo aircraft 10 or 15 miles apar, Aircraft at Jow
altitudes could not be detected. Had the Germans known the limitations of the equip.
ment, they could have defeated its yse.

8 The successfy] defense

9.2 These carly types of cquipment, ope
meters, were succeeded by microwave equipment of much greater resolution, The
range of all types iy cssentially limired by the optical horizon. It js possible to build
equipment capable of detecting all aircrafy fiying below any give altitude and above the

optical horizon with a resolution and positign accuracy of the order of 150 feet, under
normul atmospheric conditions. It ;4 possible to eliminate from the ind;

rating onp wavelengths of ten and three

borac scts, but the size of the available aircrafe Limits sych €quip

. e ment to lower weight
and power, which in turn limits the fange to about 200 mjjes,

9.3 Identification of the detecred sircraft as friend]

placed in large measure on knowledge of the flight plan and
flights of all friendly aircraft, identifying unfriendly aircrafy bya :
Advances in communication techniques wil| probably supply iti
tification.

9.4 Unsolved problems in detection and warning are the ability of aircraft to fly
low, so that they remain below the optical horizon unti very close, and the problem of
detecting missiles like V-2, coming in from the stratosphere at steep angles outside the
angles covered by present radar warning sets. The first may be solved by the use of
airborne search radar seositive oaly to moving targers. The se
additional engineering development 1o improve the high-altitude coverage.

9.% The provision of warning alone, without methods of defeating the attack, is
useless. The warning network must be integrated with the control of fighter and mjs.
site squadrons, '

COUNTERMEASURES AGAINST MISSILES

9.6 The second great problem of defense of home territory is countermeasures
against missiles. We shall not here discuss passive measures, such as dispersion of
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industry, underground location of key targets, ctc., but un!y the nct.ive mecasures nggin"
the missile in flight. So far as known at present, the poss:hlc'acnvc measures againse
atomic bombs do not differ from those against missiles carrying o'rdm.nry explosives,
Such measures will be directed to deflect the atrack by clcctronu.: t?lsturbnnccs. to
produce premature explosion, and finally to hft or destroy the missiles by blast or
fragmentation from warheads of defensive missiles. ,

9.7 Any missile using remote radio control, clthronic homing devices, or pr‘oxim.
ity fuses, can in theory be jammed. In practice it is necessary to know .?omczhmg of
the method of operation and to adapt jamming equipment to the particular enemy
device. This information may be obtained either by intelligence methods, by contin.
uous search of the electromagnetic spectrum, or by examination of captured equip.
ment. There is no blanket over-all method of jamming which would defear any and alf
types of electronic apparatus. This method of defense requires extremely close cooper.
ation between intelligence officers, special reconnaissance patrols, and clectronics
specialists engaged in development of jamming equipment,

9.8 Missiles using homing devices may be deceived by decoy targets. Thus a
missile using heat radiation could be decoyed by artificial targets. This device is of
limited application, since techniques of target selection are known, and the enemy
must be assumed to possess them. It would be difficult, if not impossible, to locate a
decoy target within the field of view if a missile were directed toward the real target
and yet far enough away to be outside the radius of destruction of an atomic bomb,

9.9 Many persons have suggested the possibility of producing premarture explosion
or otherwise incapacitating missiles by mcans of some form of ray. If the missile
carries a proximity fuse, it may indeed be possible to operate it by a suitable electronic
jammer and thus explode the bomb, whether it consists of atomic or ordinary ex.
plosive. In the absence of a proximity fuse or of a system for remote electronic control
of detonation, science offers no prospect of detonation at a distance. The interaction of
electromagnetic radiation with matter has been thoroughly investigated from long
radio waves through microwaves, infrared, visible light, ultravioler, X rays, gamma
rays, to cosmic rays. Our ability to concentrate radiant energy ac a distant point ig
limited by a fundamental Property of wave motion in an unbounded medium, i.e., the
tendency of the waves to spread. Even if twice the total electric power of the United
States were placed in a single beam from a reflector 0 feet in diameter, the intensity
at one mile would just reach the sparking voltage in air. Furthermore, shielding is
relatively easy, because of the high inductivity of metals. The very shortest rays cannot
be focused, and the energy decreases as the inverse square of the distance. Thus, present
scientific knowledge offers no hope for, but on the contrary distinct evidence against,
the possibility of detonating bombs at a distance. '

9.10 No serious attempt has yet been made to hit a projectile or missile moving
with, say, twice the velocity of sound. However, by adapting the target-secking prin.
ciple to winged rocket Projectiles, it should be possible to accomplish this aim, pro.
vided location and warning occur sufficiently in advance. Another principle would be
that of a barrage of aerial mines; however, it does not appear possible to increase the
density of the barrage to such an extent that the missile would not slip through. Cer-
tainly both methods should be studied.
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9.11  Againstairceaft, munned or unmanneq
01 ity, target-secking automatic interceptors y
vcloCl()'-’ca Wasserfall, the British CApP project, and

. m .pirno,(his direction. Ramjet Propulsion scems 1o be
::(:v:cccﬂ"ry speed and flight duration.

» Moving with sopjc or slightly higher
tem to give most promise. The Ger.
Some of our owp undertakings
the most efficient way to reach

9.12 Manned intcrccpmu. will be
this purpose both rocket and jet propy
ltitudes, the rocket may 'hc the only met
gccnusc of human limitations, manne

he present stomic bomb) and atomic explosion is possible in devices of reduced
for (d‘ p,». ¢ onourown territory can be avoided, Especially, attack from the high seas
i e lm d » .
slztl-d " pﬁcvcﬂ“‘d by projecting the barrage at a sufficient distance ouy to sea,
cou ¢

he failed to deny us access to air bases from which we could attack the
she

homeland
itself. The best defense is adequate preparation for 4 strong offense,
1tselt.
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FUNDAMENTAL PRINCIPLES POR ORGANIZATION OF RESEARCH




PROBLEMS OF ORGANIZATION wW(TH
RECOMMENDATIONS

FUNDAMENTAL PRINCIPLES FOR ORGANIZATION
OF RESEARCH

10.1 The spectacular innovations in technological warfare which appeared with
ever-increasing momentum in World War II have made us extremely conscious of the
necessity for continuous scientific research to insure maintenance of our national
security. The legislative and executive branches of the goverament, industry, and
science are now intensively engaged in finding the best form of organization and the
most efficient scheme for uniting all efforts to create the best facilities and utilize all the
available scientific talents. Many of the fundamental questions of organization will be
decided after the legislative work has been done. However, it is of the utmost impor-
tance that the Air Forces lay down the leading principles of their own policy and
establish the foundation of organized research in their own realm.

10.2 The basic principles of the responsibilities of the Air Forces in the scieatific
domain may be formulated as follows:

a. The Air Forces have the fundamental responsibility for insuring that the
nation is prepared to wage effective air warfare. This responsibility cannot be dele-
gated to any other government agency or scientific body.

b. The Air Forces must be able to call og all talents and facilities existing in the
nation and sponsor further development of facilities and creative work of scientists and
industry.

¢. The Air Forces must have the means of recruiting and training personnel who
will have full understanding of the scientific facts necessary to procure and use equip-
ment which is more advanced than that used by any other nation.

d. The Air Forces must be authorized to expand existing AAF research facilities
and create new ones to do their own research and also to make such facilities available
to scientists and industrial concerns working on problems of the Air Forces.

10.3 During World War 11, the Air Forces enjoyed the fruits of research work
being done by several scientific bodies organized or called upon for the duration of
the war. Moreover, the whole scientific manpower of the nation was available 1o the
services, and a great portion of it to the Army Air Forces. How to secure the coopera-
tion of science and industry during peacetime is a very difficult problem.

10.4 Unfortunately it is not possible to establish the necessary link between science
and industry on one side and the Air Forces on the other, by establishing contact and
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agreement at the cop level only. It would be simple to establish an office of organized
science and agree to allot scientific problems to such an office and military problemg
to the Air Forces, However, scientific results cannot be used eﬂ"xciently by soldiers who
have no understanding of them, and scientists cannot produce results useful for war.
fare without an understanding of the operations. The following sections present
certain recommendations which may have some value for the solution of the problem.
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COOPERATION BETWEEN SCIENCE AND THE
AIR FORCES

y security of the natjon. Every scientific development
eventually finds its way into the field of military applications. However, basic research

requires time. Wars are fought with weapons based on fundamentals discovered during
the preceding years of Peace. Discovery of fun ndent on an at-
mosphere of freedom from immedjage specific '

. For these reasons government authorities, military or civ
but not dictate, basic research. The successful] conduct of such re
dom and continuity of effort and cannot be accomplished by inte
small tasks. Research staffs cannoe be assembled and disperse

ilian, should foster,
search requires free.
rmittent contracts for
d at short intervals, In

addition, parallel competitive attacks on research problems do not constitute wasteful
duplication. Coordination should take the form of exchange of inform

ation, rather
than centralized dictatorial control of projects, funds, and facilities.

11.3 The Air Forces do not desire 10 do basic scientific research in their own

organizations; however, they wish to encourage and sponsor such research as they
deem necessary for the defense of the nation,

11.4 At the present time there jsa tendency to concentrate the direction of scientific
research activities in one controlling organization and make this organization respon-
sible for the production of scientific results needed by the services, for the development
of new weapons and equipment. Such centralization can be detrimental to American
science, if it means exclusion of independent individuals and small groups of research

men whose contributions are vital to the maintenance of an abundant scieatific life
within a nation.

11.5 Generally it may be said that the conception and initial development of new
ideas often come from men and groups which are widely dispersed and not directly
connected with central organizations and planned research. Jet propulsion and atomic
encrgy are good examples of this thesis. In both fields individual initiative, not dic-
tated by any preconceived Plan, played an important part, both in this country and
abroad. If free enterprise and initiative are necessary for maintaining a sound economy
within a nation, certainly they are even more necessary in scientific life.

11.6 It is imperative from this Point of view that the Air Forces continue and
expand their present direct relations, spiritual and contractual, with various universj.
ties, research laboratories, and individual scientists. None of the central organizations
existing now and to be established should be the only source of information and the
sole intermediary agency between science and the Air Forces, The Air Forces should
have the freedom to call on institutions and individuals whose assistance they deem
to be of the greatest benefit for their program.
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1.7 The ideal goul is, on one sj
Air Forces, on the other side, the

11.8

tions, society meetings.

activity in the past has b

handling scientific matters. An unavoidable difficulty is introdu
security restrictions necessitated by the character of military re
believed that this problem can be successfully solved.

The first requiremen ienti collaboration s an efficient
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ganized iibrary

work, The Ajr

search
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rehensive reports on selected topics of current interesy,

During the war several lahoratories, established by the services and the

i d directed by scientists belonging 1o

result suggests the

perative laboratories, in which the administrarjve and financia]

respoasibility and management would remajp with the Bovernment, and the scientific

direction would be undertaken by faculty members. This method would solve the

security problem and yet have the advantages of the 8eographical and spiritual con.
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security regulations. Air Forces personnel should be given membe
and permission to discuss and publish the results of their ende
publications of the society,

rship in this soctety
avors in the classified

11.14  The following fecommendations are therefore made:

a. Direct research contracts between the Air Forces and scientific institutions.

b.  Library of classified material, to be made available to scientists who have been
cleared.

¢. Exchange of personnel between the Air Forces and civilian laboratories,
d. Authorization for temporary employment of scientific consultants,
e. Cooperative laboratories in close connection with universities,

f. Scientific society for military sciences, with membcrship requiring clearance,
and classified publications.
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COOPERATION BETWEEN INDUSTRY AND THE
- AIR FORCES

. This report does not deal with problems of procurement. Thus the analysis
and recommendations are restricted to the problems of research and development 1o
be done cooperatively by the Air Forces and industry,

12.2 The main field in which industry and the Air Forces will work in close

cooperation is applied research and development. It is imperative that the Ajr Forces
separate funds and management of development contracts from procurement con-
tracts. In the past, much time and effort have been wagred by lack of a clear line between
procurement and development. Development contraces should also be based on com-
petition, since the competitive spirit Probably produces the beg solution in the shorr.

est time. However, competition in scientific and development work is different in its
nature from pure commercial competition,

12.3 The main objective in separating research and develo
ment is to make it possible for ind

on applied research, which is ap
to be

as for example, the large companies producing electrical equipment, automobiles, and
chemical products. These companies practice mass production and have a wide marker
for their products; therefore, they are able to do applied (in some cases even basic)
research for the purpose of improving their products or of reducing the cost of pro-
duction. In the case of the aircrafy industry, it is generally recognized that the govern-
ment must at least partially support the costs of applied research, because many of the
problems refer solely o military applications and the costs of development cannot be
recovered by the sale of the Product. It is believed that it s more advantageous for the

Air Forces to pay for the research needed than to pay higher prices for the products
which would include the costs of development.

pment from procure-

12.4  Supersonic flight and Pilotless airplanes will undoubtedly create a gap be-
tween aircraft used in civilian life and in aerial warfare, Consequently certain parts of
the aircraftindustry will be engaged in developments which have no commercial valye
and will not result in large orders from the government during peacetime. It is theg
necessary that promising developments of this type be carried through the pilot-plant
stage with the financial support of the Ajr Forces. These pilot plants should be able 10
furnish the quantity necessary for tactical evaluation of the equipment. In addition, all
preparations must be made for securing a rapid expansion of production of both

materials (such as special fuels and propellants) and devices (like missiles, electronjc
equipment, etc.).

12.5  Many problems require facilities which are only available to the government.
In the past the NACA, at the request of the armed services, carried out most of the tests
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fecessary to improve the characteristics of experimental airplane types. It is believeq
that it would be more advantageous for (he Beneral progress if the NACA were re.
lieved of the duty of testing and improving experimental types and could Concentrate
on forward-looking investigations on questions of basic and applied science, The
testing and rescarch for immediate improvemeny of experimenta] types should be taken
over by the Air Forceg and new facilities should be created which allow the

rge scale, The design of new facilities should ¢

warfare, since their

¢rve for organjzed

he world. Hence, o

s is necessary, In the Oper.

lopment, the fatural develop.

r Forces should be used for perfecting Operationa]
nding aids, etc,

lopment, borh in
an be made available

C. Promising
in pilot-plant prod
aumber for tactjcg

d. Rapid expansion of Production faciljtjes for such irems
Provided for by the development contracts.
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the application of the
uld refer to alj phases

' . For exam ple, it should
include problems of g phy s as well as the scientific

analysis of operations and methods of Prognosis of the effects of Planned operations.

13.2 In the past, especially in the Jase Prewar years and during the war, the Air
Forces developed rescarch and testing ¢quipment at Wright Field for aircraft, engines,
armament and other tquipment, materials, and also for aeromedicine and physiology.
At Eglin Ficld a proving ground o be tested under
field conditions and for the

even from the purely
0t equipment.

redesigning, it finally beca
design was carried our by
of aircraft. In other words,
possible value of electronj

as an afterthought, with cop.
n the case of radar, it was not
cal engineers conferred for the

Purpose of studying the of radar and discussing the problems of installing
radar equipment in planes.

: and aeronautical engineers \, orking in close
cooperation. Instrument flying requires that the electronic equipment be designed
by persons familiar with aeronautical problems.

13.5

drive, it

sonic airplanesand P aircraft cannot be developed successfully by such methods,
Questions of aerodynamics, structures, propulsion, and control are closely intercon-
nected. The component parts of a guided missile cannot be made to function inde-
pendently any more than can any one organ of the human body. Based on these con.
siderations, it is Proposed that the Air Forces create new facilities, under one com-
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mand, entirely separated from procurement and supply, with the objective of develop.
ing supersonic and pilotless aircraft.

13.6 The Center for Supersonic and Pilotless Aircralt Development (SPAD)
should be equipped with adequate wind-tunnel facilities to attain speeds up to three
times the velocity of sound, with lurge enough test sections to accommodate models
of reasonable size, including jet propulsion units, and one ultrasonic wind tunnel for
exploration of the upper frontier of the supersonic speed range. Ample facilities for
the study of combustion and other characteristics of propulsion systems ac very high
altitudes should be provided. Electronic engineers should be given the necessary facil.
ities to study control methods, servomechanisms, and homing devices in close cooplr-
ation with aerodynamicists and propulsion experts. The Development Center should
also provide facilities for investigations of the human aspects of flight at supersonic
speed and extreme altitudes. The facilities for experimental launching, flight research,
and flight analysis should be integral parts of the Development Center.

13.7 Itis believed that the Air Forces program in the field of supersonic and pilot.
less aircraft urgently needs the establishment of such a central organization to lead
the activities of the scientific institutions and industrial companies to new horizons;
and, to make facilities available for rescarch and development work, necessary, beyond
a doubt, for mainraining our supremacy in the air.

13.8 It is proposed that research and development in the field of aircraft oper.
ations, communications, and weather service be consolidated into a Center for Oper.
ational Aircraft Development (OAD), with the objective of approaching the ideal of the
all-weather Air Forces, solving the problems of traffic control, fighter control, and of
warning and location. This Center should be equipped with adequate laboratory
facilities for applications of radar and television technique. Experimental bases for
testing control and communication devices should be integral parts of this Center.
It should cooperate closely with the air lines and the weather service.

13.9 Itis believed that the proving ground st Eglin Field should be put in charge
of development of bombing devices and procedures, and study of bombing survey and
analysis methods.

13,10 Itis proposed that a Center for Nuclear Aircraft Development (NAD) be
initiated, dealing with problems arising in connection with atomic bombs and the
use of atomic energy for aircraft propulsion.

13.11 The organizations and facilitics suggested in this chapter cannot be created
in one year, but must be developed gradually in coordination with the work of other
interested military and civilian agencies. On the other hand, it is my conviction that
unless the Air Forces begin systematically building up development centers with
competent personnel and adequate testing facilities, they will unavoidably lose the
lead and initiative in fields which in a few years will constitute the domains of their
most vital responsibilities.

SUMMARY OF RECOMMENDATIONS
13.12  The following recommendations are therefore made:
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a. Research and development in the field of aerodynamics, propulsion, control,
and clectronics should function a3 one entity, ‘

b. A Center for Supersonic and P
be established, with adequate wind-ru
search facilities.

ilotless Aircraft Development (SPAD) should
nnel, propulsion, control, and electronic re.

¢. A Center for Operational Aircraft Development (OAD) should be established
for research and development in the operational field, such as all-weather flight
problems, communications, and fighter control,

d. A Center for Nuclear Aircraft Development (NAD) should be initiated.

e. Eglin Ficld should be developed into a research and development center for

bombing technique, research on blast effects, and bombing survey and analysis
methods.
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INDUCTION oOF SCIENTIFIC IDEAS IN STAFF
AND cOMMAND WORK

LONG-RANGE PLANNING

Scientific planning must be years ahead of the actual research and develop.

ment work. Long-range planning should be the responsibility of the Commanding

General of the Air Forces. I believe there hout the nation

al in long-range
r Corps and the
ture. From this
roup, consisting
should be available 10 the Com.
mportant new developments and
h. It is considered thar the advice
oughly familiar with the work and
ty outside of the Army, would he of

planning has been one of the most important assets of the former Aj
present Air Forces. This philosophy should be preserved in the fu

point of view, it is advisable that a permanent Scientific Advisory G
of qualified officers and eminent civilian scientists,

manding General, reporting directly to him on i
advising him on the planning of scientific researc
and contributions of persons who, although thor
the needs of the Air Forces, have their main activi
considerable value. This group should contain experts with broad experience in the
various branches of science involved, who would represent a cross section of our
scientific thought. Their reports to the Commanding General would be used to ffeect
continuous revision of the Air Forces research and development program.

MANAGEMENT OF RESEARCH AND DEVELOPMENT -

14.2 The problem of the best organization of management and development is
a very difficult one. It cannot be expected that unanimous agreement can be reached
on this question. The plan for management of research and development is a sore
point in all large organizations or companies. It mostly undergoes periodic changes,
which emphasize one or the other side of the question, ranging from separate and
almost indeperident research laboratories to decentralization of research and develop-
ment into the operating units. In the special case of the Air Forces, two solutions have
been proposed: (1) the establishment of one Air Staff section for research and developQ
ment; and (2) a supervising and directing agency atrached to the office of the Chief of
Air Staff. Both solutions have advantages and disadvantages. Obviously it would be
extremely difficult to remove the actual operation of all research and development
facilities from all the various existing staff sections and concentrate them in one new
section. On the other hand, the central supervising and directing agency would have
a hard task introducing new ideas into the operation of a large number of dispersed
- sections and commands engaged in research and development.

14.3 Independently of the special form of management of research and develop-
meant, the office in charge of direction and supervision of research should establish
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panels consisting of representatives of other agencies engaged in aeronautjcal and
related research, for example, the Nutional Advisory Commiucee for Acronautics, the
National Bureau of Standards, the Civil Aeronautics Administration, the aircraft in.
dustry, the air lines, scientific institutions, and individual scientists, These panels
should assist in formulation of the demiled research program and the choice of the
agency, institution, or individual best fitted and available to carry out the desired
research work,

SCIENTIFIC INTELLIGENCE

144  Scientific intelligence is one of the important requirements for the future
Air Forces. In the recent past the necessity for an organized scientific intelligence
service became more and more evident as the war proceeded, and it became an urgent
necessity as Germany collapsed. Fortunately, at that time a great number of scientistg
and technicians could be made available to the Air Forces on a voluntary basis. In thjs
way the information gained from Germany could be worked up in an appropriate
manner. However, at the present time, only a few months later, no more such personnel
is available. The supervision of future German scientific work, for example, is stil}
lacking scientific help.

14.5 Scientific intelligence starts at home, The example of the atomic bomb show
that scientific discoveries of Prominent military importance were made by puce
scientists who had no connection with any military office or establishment; as a matter
of fact, they were not interested in military applications. Hence, it will be necessary
for the Intelligence Service to employ scientific personnel with broad interest and
knowledge, who have the ability to recognize the military aspects in the scientific
production of our theoretical and experimental scientists, university, and industrial
laboratories. The screening of patents and inventive ideas presented to the military
agencies, as it has been done in the past, will not be sufficient. The Intelligence Service
needs permanent collaborators who pursue the scientific literature, attend meetings,
visit scientific establishments, and report their findings and suggestions periodically,
In peacetime much tact will be necessary to accomplish such efficient intelligence
service, because of the commercial interests involved and the natural inclination of
scientific men not to talk about their results before the final rounding up of their work.

14.6  Scientific intelligence in foreign countries is, of course, a much more difficuls
matter, One can distinguish between scientific intelligence on subjects which are

upon to help their country in wartime. Therefore, it is strongly recommended that ¢he
Air Forces: (1) have scientific attaches in embassijes and legations in various countries;
(2) send scientifically trained officers, engineers, or consultants of the Air Forces to
scientific meetings and congresses abroad; and (3) send personnel connected with
the Air Forces for longer periods to study at foreign institutions.

14.7  The intelligence services concerned with subjects which a foreign country
does not want us to know, will use the methods which were successful in general
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military intelligence. However, it ig imperative to have
telligence Service which wij direct the search for and e
data. It is imperative that we have knowledge, in adva
which could be of importance in scientific warfare, ug
scientific and technjcal dara, as
whole world,

a scientific section in the In-
xploit the results of scientific
nce, of all potential targets
less a complete exchange of
reat Britain, exrends over the

SCIENCE IN PLANS AND OPERATIONS

14.8 The Air Porces entered into World War I with quite inadequate preparation
as far as the prognosis and analysis of the results of missions were concerned. Analysis
groups were assembled during the war, and opinions concerning the relutive jm.
portance of targets were widely different. We now have the experience of long war.
The work done by organizations such as the U.S. Strategic Bombing Survey gives
material for discussion and for planning future applications. Of course, in a future war
bombs and bombers will be different; missiles and atomic energy involve radjcal
changes. However, it cannot be sufficiently emphasized tha it would be a great mis.
take, after dissolving the groups which worked on analysis of operations, to discon-
tinue the analytical work itself, It is believed that the staff sections dcaling with plan.
ning and operations should be equipped with adequate scientific personnel to be able to
continue studies on methods of target analysis, operational analysis, and the like. It ;s
necessary to have in peacetime a nucl tentific groups such as those which

cooperate.

PERSONNEL POLICY

14.9 Itis believed that many shortcomings of research and development in the Ajr
Forces originate from a lack of appreciation, at higher levels, of the qualifications
necessary for successful direction of a laboratory or a proving ground. The theory that
anintelligent officer is able 1o direct any organization, military, technical, or scientific,
is certainly obsolete. An officer in charge of a laboratory or proving ground can be
really useful only if he holds the position for a sufficient time to become thoroughly
acquainted with the subject matter and personnel. Officers with engineering training
on engineering duty must not be handicapped, as regards promotion, because of long
tenure.of the same assignment or time spent in acquiring advanced education.

1410 The position and rank of officers responsible for research and development
must be made commensurate with the importance of their work and achievement and
must not depend on the size of the organizations under their command.

14.11 The level of civilian personnel engaged in research and development work
aised by authorizing the Air Forces to hire or dismiss civilian scientific per-
sonnel outside of the Civil Serivce, Also, methods of appointment,




unateractive to firse-rate scientists, In this connection, a separate branch of the Civil
Service for scientific personnel would be of value,

SUMMARY OF RECOMMENDATIONS

14,12 The following fecommendations are therefore made:

2. A permanent Scientific Advisory Group should be available to the Command.
ing General, to advise him on questions of long-range scientific planning,

b. The office in charge of research and dcvelopmcnt should establish research
Panels for coordination of Air Forces research with that of government agencies and
other scientific institutions.

¢ Scientific intelligence at home and abroad should be strengthened by includ.
ing scientific Personnel in the Intelligence Service, appointing scientific attacheg
abroad, and frequently sending scientifically-trained officers or civilians to meetings
and for study in foreign countries,

d. Operational analysis and targer studies should he continued in Peacetime, with
adequate scientific personnel,
e. Officers in charge of laboratorjes should keep such positions long enough 1o

be really useful, without being handicapped in promotion by long tenure of such
assignments,

f.  Position and rank of officers responsible for research should be determined
by the importance of their work and not by the size of the organizations under their







SCIENTIFIC AND TECHNOLOGICAL TRAINING
OF AIR FORCES PERSONNEL

15.1 The discussion in this section refers only to the scientific and technological
training of Air Forces officers. The specific training of mechanics, radio operators,
electronics technicians, and the like, is not considered. It is believed that in addition
to utilizing civilian consultants in various advisory capacities and civilian scientists
and engincers in the Civil Service, the Air Forces must organize a broad training pro-
gram for officers in various fields of science and engineering. New scientific discoveries
will continually have a profound influence on the concepts of air warfare, and the Air
Forces must be flexible and capable of adjusting themselves to thse new concepts. This
requires, above all, that the Air Forces be permeated by officers who have the training

which will make them capable of evaluating scientific facts with good technical judg-
ment and vision.

TRAINING FOR AIR STAFF WORK

15.2 Practically all sections of the Air Staff are confronted with problems involving
the application of science. Therefore, it is desirable that future Air Staff officers have an
understanding of the capabilities of science and an appreciation of scientific thought.
Therefore, it is proposed that a certain number of young officers be selected and given
scientific training for future Air Staff work. Two years of special training at scientific
institutions should be given these officers, in a branch of science chosen by them. The
aim of this education should be training of the mind and acquaintance with scientific
results, rather than specialized knowledge and routine skill. At intervals of about five
years, one-year refresher courses should be inserted. The scientific training would be
in addition to military training for staff duties, which is given at such places as the
Army War College, the Command and General Staff School.

TRAINING FOR RESEARCH AND DEVELOPMENT

15.3 A certain number of officers should be given specialized scientific technolog-
ical training in the branches of mathematics, physical sciences, and engineering, which
are of vital interest for development of equipment and operational methods. This
training should be accomplished at scientific institutions. Its main objective should be
not so much the education of research men in the proper sense, as to give future officers
engaged in, or in charge of, research and development an intimate knowledge of the
capabilities and limitations of science and accustom them to working in cooperation
with scientists and scientific institutions. It is very important that in the future scientific
training, a broad variety of sciences which haye applications to Air Forces problems
be taken into account. A proper balance must be established between aeronautics
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proper, thermodynamics, electronics, nuclear physics, meteorology, aeromedicine,
€conomics, etc. These officers can best be recruited through the Air Forces ROTC,
Exceptionally brilliant students (about 20 percent of the total number taken) should be
permitted to continue their scholastic training until they have an M.S, degree and then
be put on active duty for about three years. This will give them an opportunity to orient
- themselves in the type of work they are best suited for in the Air Forces, After that,
they should return to college for a period of two years, or long enough to geta Ph.D,
degree. This would produce a supply of officers with an intimare knowledge of severa]
fields of science. This is essential to finding the best compromises when military re.
quirements produce conflicting design problems involving more than one field of
science. The remaining 80 percent of those students selected through ROTC would go
on active service after obtaining a B.S, degree and would return to college, after about
three years of active service, long enough to obtain an M.S. degree. '

15.4 All officers engaged in research and development must be given repeat
scientific training for a period of one year at intervals of about five years. This training
can be given at scientific institutions, or by assigning the officer to work as an engineer
at one of the research laboratories working on Air Forces problems.

ment expense during the war, Flying training in grade should be provided for those
who are not pilots at the present time, but who desire flight training and can qualify
for it. Training a pilot is a much simpler job than training an engineer, It does not

TECHNICAL SCHOOLS IN THE AIR FORCES

15.6 The main objective of the technical schools in existence or to be established
in the Air Forces should be training for procurement, maintenance, and operation of
equipment. While these schools should give a short review of the fundamentals of the

SUMMARY OF RECOMMENDATIONS

15.7  The following recommendations are therefore made:

a. A certain number of young officers should be selected and given special train.
ing at scientific institutions in preparation for future Air Staff work.




. .
Eolers

given 20 percent of the officers referred to 1n
the preceding recommendation, to qualify them for a Ph.D, degree.

d.  All future Ajr Staff and technical officers who recejve scientific training shoyld
be given onc-year refresher courses ar intervals of five years.

¢. Every effort should be made to retain in the Ajr Forces those research and

development officers who received scholastic training at government expense during
the war,

f. Flying training should be opened ediately to those officers with scientific
training who, regardless of combat experience, otherwise qualify,

g8 The AAF Engineering School shal] be built up in such a way, that fundamentals
of the sciences involved in AAF problems shall be included in the curriculum. Ex-
ceptionally able graduates shall be selected for further scientific training in civilian
educational institutions.




