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HEADQUARTERS, ARMY AIR FORCES
‘o aen.v avs ro '“m

7 November 1944
MEMORANDUN FOR DR. VON KARMAN:

Subject: AAF Long Range Development Prograa

1. I believe the security of the United States of Amsrica wil) |
continue to rest in part in developaments instituted by our educational '
and professional scientists. I am anxious that Air Forces postwar and
next-war research and developrment programs be placed on a sound and
continuing basis. In addition, I aa desirous that these programs be in
such fora and contain such well thought out, long range thinking that,
in addition to guaranteeing the security of our nation and serving as
a guide for the next 10-20 year perijod, that the recommended programs
can be used as a basis for adequate Congressional appropriations.

-———

2. To assist you and your associates in our current concepts of
var, msay I review our principles. The object of total war is to destroy
the enemy's will to resist, thereby enadbling us to force our will on his.
The attainment of war's objective divides itself into three phases:
political, strategic and tactica)l. Political action is directed against
the eneay’'s governing power, strategic action against his economic
resources, and tactical action against his armed forces. Strategical and
: ; tactical actions are our main concern and are governed by the principles
o of objective, surprise, sipplicity. mass, offensive, movement, economy
' of forces, cooperation and security.

3. 1 believe it is axiomatic that:

a., We ay - tion are now one of the predominant powers.

'b. We will no doubt have potential enemies that will con-
stitute a continuing threat to the nation.

¢. While major wars will continue to be fought principally
% between the 30th and 60th parallels, north, global war zust be con-
¥ templated.

d. Our prewar rosearch and development has often been inferior
to our enemies.

.. Offensive, not defensive, weapcns win wars. Counter-
measures are of secondary impsrtanoce. :

f. Our country will not support a large standing aray.
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. Peacetims economy re
qQuiresmonts indicate that, whilo ¢t
::r :o- Teceives 431 of current War Department appropriations th:l ne
otment or this propsriion may net continue. |

h. Obeolete equipment. now availgbl
¢ . e in large quentities.
B3y stalesate development and give Congress s false .on:o :r security.

i. Rhile our scientists do not neceasaril
y have the question-
able advantage of basic wilitary training, conversely our AAF or?:Zor-
cannot by necessity be professional scientistm.

3. Human-sighted (and perhaps radar or television assisted)
weapons have m>re potentiel efficiency and flexibility than mechanically
assistod weapons. ’

k. It is a fundamental principle of American democracy that
personnel casualties are distasteful. We wili continue to fight mechani-
cal rather than manpower wars. . .

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

B. More potent explosives, supersonic speed, greater mass
offensive efficiency, increased weapon flexibility and control, are
requiresents.

n. The present trend toward terror weapons such as buzz
bombs. phosphorous and napaim say further continue toward gas:and
bactariological warfare.

4. The possibility of luture major wars cannot be overlooked.
We, as a nation, may not always have friendly major powers or great
oceanic distances as barriers. Likewise, I presume methods of stopping
aircralt power plants may soon be available to our enemies. 1Is it net
now possible to determine if arother totally different weapon wili re-
place the airplane? Are manless remote-controlled radar or television
assisted precision military rockets or multiple purpose seekers a
possibility? 1s atomic propulsicn a thought for consideration in

future warfaref

5. Except perhaps to review current techniques and research
trends, I am asking you and your associates to divorce yourselves from
the present war In order to investigate all the possibilities and
desirabilities for postwar and future war's development as respects
the AAF. Upon oompletion of your studies, please then give 2e a report
or guide for recommended future AAF research and development prograss.




e ——

W - ee 4w e s w s

FEVIOUS PASE WAS BLA'X, THEFCFORE WAS Nt nmzz; )

.. e nAS v et g —

e ———— - P

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

a. Fhat assistance should we give or ask from our educational
and commercial scientific organizations during peacetime?

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

c. ¥hat are the beat methods of instituting the pilot produc-
tion of required nonrevenue equipmenta of no comsercial value developed
exciusively for the postwar periodt .

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

6. Pending completion of your final report .may I ask that you
give me a short monthly written progress report. Meanwhile, I have

. specifically directed the AC/AS, OCAR (Gezeral Wilson) to be responsible

for your direct adainistrative and staff needs. Also, as 1 have already
told you, 1 welcome you and your associates into sy Headquarters. May

I sgain say that the servicea of the AAF are at your disposal to assist
in solving these difficult prcblems.
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HEADQUARTERS, ARMY AIR FORCES
-y e WASKINGTOR

18 Dscember 1948

General of the Aray H. H. Arnold
Commanding General, Army Air Forces
Rashington 28, D. C.

Dear General Arnmold:

“1In your basic memorandum of the seventh of November 1944,
you directed ce to prepare a report as a guide for recomamended
future Army Air Forces research and development progress.

In cooperation with a group of selected associates, ex-
perts in various branches of the sciences involved, I have tried to
review the scientific requirements involved in the functions of the
future Air Forces. and I submit herewith the results of our study.

The first volume contains a discussion of the relation
between science and aerial warfare; an analysis of the sain research

‘problems of the air forces, from the point of view of its functions;

and recommendations on organization of research. The twelve volumes
which follow contain thirty-two scientific monographs, with detailed
research programs in specific fields.

The general conclusions of this study -ay be summarized
as follows:

1. The discovery of atonio means of destruction sakes a
powerful Air Forces even more imperative than before.
This subject is discussed in Chapter 1 of the firat
volume. '

2. The scientific discoveries in serodynamics, propul-~
sion, electronics, and nuclear physics, open new
horizons for the use of air powsr.

3. The next ten years should be a period of systematio,
vigorous development, devoted to the realization of
the potentialities of scientific progress, with the
following principal goels: supersonic flight, pilot-
leas airoraft, sll-weather flying, perfected naviga-
tion and communication, resote-controlled and auto-
satic fighter and bomber forces, and aerial trans-
portation of entire arsles. .
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The research prublens as anal
. yzed in Chapt
:?o first volume, should be considered 1n’t::}:xr::l-
on to the functions of the Mr Foroes, rather than
a8 tsolated scientifio probleas,

Therefore, developaent centers should be

for new types of squipsent and for lakln;.:::::‘.h.d
mothodc suggested by scientifie discoveries practical
Such development centers for definite tasks are more .
efficient than separate labaratories for certain
branches of science.

.The use of sofentific means and equipment requires

the infiltration of scientific thcught and knowledge
throughout the Air Forces and, therefore, certain
organizatory changes in recruiting personnel, in
training, and in staff work. Pertinent suggestions
are made in Chapter III of the first volume of this

report. o

A globel strategy for the application of novel equip~
mcnt and methods, especially pilotless airoraft,
should be studied and worked out. The full applioa-
tion of air power requires a properly distributed
network of bases within and beyand the limits of the

continental United States.

As new equipment becomes available, experimental pilot-
less ajrcraft units should be formed and personnel

aystematically trained for operation of the new devicena.

According to the cutcome of a practical testing period,

a8 proper balsnce between weapons directed by humans,
assisted by electronic devices, and purely automatio
-weapans should be established.

The sen in charge of the future Air Forces should al-
ways remesber that problems never have final or univer-
sal solutions, and only & constant inquisitive attitude
toward science and a ceaseless and swift adaptation to
new developments can maintain the security of this

nation through world air supresacy.

In your basic memoranduam, you alsc desired recommendations
on the following questions:

What assistance should be given or ask fros our educe-

. -
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"b. fIs the time approaching when al} our scientists and
their organizations aust give a emall portion or
. . their tise and resources te 8s3ist in avoiding fu-
ture natiofral peril and winning the next warf?

' “c. What are the best methods of instituting the pilot
production of required nonrevenue equipaents of no
cormercial value developed exclusively for the post
war period?

_ "d. What proportion of availahle money ghould be allocatsd
t to research and developaent?®

Recommendations on the first three points are included
in the sections of the report dealing with couoperation betwsen
science. industry, and the Air Forces. I as somsevhat reluctant te
give & definite answer to your fourth question. I prefer to aubmit
the following consideration. The money to be allocated for research
and developuent should be related to the eost of cne year's aerisl
warfars. It appears that spending for research in peacetime five
percent of one war year's expenditures, in order to bde preapred
for or avoid a future war, is not an exaggerated drain on the natfion's
pocketbook. A quick inquiry showed that our large {ndustrial con-
cerns spend a percentage of this order of the total sum involved in
their year's business for research. If im peacetime 15-20 perceat
of the sum spent in a war year were alloved for totsl expenditures
of the ALlr Forces, the asount required for research and development
should constitute 25-33 percent of the total Air Forces budget.

Respectfully yours,

TH. VON KARMAN

Director
AAF Soientific Advisory Group
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The AAF Scientific Advisory Group was activated late
in 1944 by General of the Army H. H. Amold. He se-
cured the services of Dr. Theodore von Ku_ man, re-
nowoned scientist sad consultant in seroasutics, who
agreed to orgsanize and direct the group.

Dr. von Karmao gathered about him a group of Ameri.
can scientists from every field of research having 8
bearing on air power. These mea then sonlyzed im-
portant developments in the basic scieaces, both here
and sbroad, snd sttempted to evaluate the eflects of their

application to sir power.

R This volume is one of s group of reports made to the
Army Air Forces by the Scientific Advisory Group.
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SCIENCE AND AERIAL WARFARE

INTRODUCTION

e e v vacs o  werld sale i us e, which e pesdua

\ t ng far out io the direction of our enemies before indi-
cating the final decision. In the First World War, victory or defeat was decided main-
ly by human endurance. Scicoce and techoology played so importaot but to some
cxteat a secondary role. It is true, of course, that 1l.. superiority of the Allies in the
design and production of 1anks, as well as the panalyzing eflect of the complete block-
ade on sll branches of German industrial production, cootributed very esseontially
to Germaoy's defest in 1918. However, the complete exhaustion of human endurance
on the German side was the main factor in the decision. The second war had, from the
beginning, a technological character. The overwheiming technologicul preparatioa
of Germany secured her first brilliant successes oa the Europesa coatinent. The short-
cumings of the Lufiwafle lo strategic bombing and the lack of experience of the Ger-
man Army and iis consequent poor preparation for amphiblous operstions, caused
the attack against England to be stillborn. The mountiag tide of Allied, especialiy
American, sir power became finally the main factor in Germany's defeat. Even in the
East, although the bravery and endurance of the Russians were perhsps the most
importaat factors in stopping the German Army, the Russian march of victory to the
West could not have been achieved without technological superiority, due partly to
Rudsian and partly to American production. An interesting siga of the techaologicl
ckaracier of this war is the fact that the time ia which superiority in sircraft could be
achieved was predicted, based on figures of industrial potential, at the beginning of
the war. The predictions were fairly well verified by the actual events.

1.2 la addition to the technological character of this war, s new aspect became
cvident, which did not appear 50 obviously in the war of 1914-1918. This cew ele-
meot was the decisive contribution of organized science to eflective weapons. Of
course, scientific discoveries have been used in all wars since ancieat times; it isre-
Isied, for example, that Archimedes concentrated the heat.of the sun by means of
Jurge mirrors to destroy enemy ships. Howcver, aever before have such large numbers
of scientific workers been united for plaaned evaluation and uvtilization of scientific
idess for military purposes. Outstanding results of such planned cooperative research
are, on our side, radar and stomic bombs, and on the German side, jet-propelled
missiles.

1.3 The recognition of the growing technological charaeter of modern war
parily emerged [rom the experiences of the First World War, and the scientific charac-
ter of any future warfare becomes obvious in the lighr of the war which has just ended.
Io this report an antempt is made to formulate some of the consequences of this con-
ception for the program of the Air Forces.

L] V-46577




THE POSITION OF THE AIR FORCES IN A SCIENTIFIC WARFARE

14 Until recently it was not generally recognized that destruction from the air
is the most ¢Mcicnt method for defeating an enemy. This fact has aow heen proved
by the results obtained in Germiny und Japan. However, after the use of the atomic
bomb, a sirange change of opinion took place. Many leaders of public opinion seem
1o belicve that destruction by meuns of a few sirplanes or missiles carrying atomic
bombs is the only method of future warfare, making a strong alr force superfluous.
Others say that internstional control of stomic energy will make war impossible for
time to come. ‘

1.5 We believe that sll 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 achigved in such a manner that the use of atomic destruction by potential
enemies is impossible.

Second, the case has 10 be cansidered that interoationsl cootrol of atomic energy
will be achieved by agreement; it must be recognized, howeser, 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
energy and the outlawing of war by international organizations, the possibility of
desperate sttacks agsinst the United States or its vital interests somewhere on the

globe cannot be excluded.

1.6  The first assumption (international coatrol of stomic energy cannot be
achieved) means wotal war, with full use of atnmic 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 potentizl 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 stomic energy requires rather extensive plants, which can
hardly be completely hidden and made safe against destruction. Of course, great effort
will be expended upon keeping secret the places of research, deselopment, and
production. Hence, it will be one of the fundameatal problems of the intelligence
service to gather the most accurate information possible concerning thes: poteatial
targets and evaluate it from the scientific, technological, and military poiots of view.

1.7 It can be assumed that the first attack in any war wall be against targets con-
oected with the production of atomic devices for destruction and propulsioa. It is
evident that auch aa attack will be the primary responsibility of the Air Forces. The
Places of research sad production will certsinly be removed as far as possible from
the land and sea frontiers. An artempt will he made, of course, 1o annihilate the ene-
my’s installations by bombs carried by piloted snd pilotless sirplanes. However, be-
Cause of intricate defense measures by the enemy, who will probably put the most
important iastallations underground, It may be necessary to land troops and to accupy

certain territories. Thus, all aspects of modern aerial warfare may enter into the pic-

ture; strategic bombing, air superiority, and sirborne armies.



’ 1.8 It is evident that Prepacitions must
. be mude for strategic b i
targets involved in stomic work, by i o cameeiin of enemy
‘ s i i + Dy proper location of bases, 1ally
/ pslo(nlc.‘u a;rp!;'n‘es. In lhe:an. systems of fortification, communica:i:r":'lelci:::’ I:'(;::I::;'
portation facilities were buile sccording tc the strategi i . '
[and and on ses. Toduys semrercs : h BIC tequircments of warefare on
. 8ic considerations refer 10 the three-di i
surrounding lhe. globe. They must be warked out with the same ::::::7:.:',-.:;
! thz‘)jr:ul’;hr:;.ss displayed by old-time strategists in solving the problems of lnlck;ng
| and defending certain lines extending on 1he surf, i i
’ which coatrolled traffic on the uu.B wrisce ofthe eanh. or cenia pom

.l .9 It may be argued that the devastation and loss of life caused by atomic bombs

is so 1remendous that 1018] atomic warfare will never occur, § believe the answer is

; the following: No man in the past centuries could, by any sireich of the imagination

forcsce the devastation and loss of life produced by two consecutive wars io our time.‘

Hurmans adjust themselves rapidly 10 new concepts: What is considered an incredibly

i . lacge 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 numbcr of lives lost in the two wars, which were

i scparated by a relatively short intersal, appears 10 us certainly disastrous. Howenver,

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.
Preparedness certainly has to make provisions for such possibilities.

L et
.

I
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i 1.10  The second sssumption (that internationa) control of atomic energy will be
achieved but will require support by force) seems 10 be the most probable solution
{ of the stomic problem within the next decades. Then, the main responsibility of the
Armed Forces will be the enforcement of iaternational agreenients. Here again the
nation inust rely on & powerful air force. J1 will be necessary to strike at any arbitrary
point of the globe, 10 strike swiftly and forcefully. History shows that international
agrcements have not protected the signatorics and have not prevented wars, either
because there were no mcans available for swift and forceful action, or because poliu-
cal reasoas prevented their use. No branch of the Armed Forces except the Air Forces
can perform the required action in time 10 be efective.

it The same requirements as in the second case apply to the third assumption
(unexpecied treacherous attacks cannot be excluded in spite of international agree-
ment). Howevér, in the latter case the matter of efficient defense must be emphasized.
1t must be realized that & one hundred per cent safe defense is impossible. 1t is easier
to make offensive action efficient by scientific means than defensive action. The high
speed of pilotless sirplanes and missiles makes them almost safe against a hit; no
eflective means is yet knows for stopping such missiles, once they are launched, and,
the fact that one single airplane or missile is sble to drop a bomb of immense destruc-
' tive pow=r puts an slmost impossible task on the air defense. All that we can hope is

that absolute air superiotity, combined wizh highly developed and specislized warning

and homing devices, will help us 10 erect an impregnable 2ecoelectronic wall, which

will reduce 10 2 minimym the possibility of apy enemy device slipping through unde-

tected and undestroyed.

=~




1.12 The main conclusion of these considerations is the necessity for a powerful
air force, whidis is capable of:
8. Reaching remote torg=ts swiftly and hitting them with great destructive power.
b. Securing air superiority over any region of the globe.

c. Landing, in a short time, powerful forces, mea and Brepower, at any point
on the globe. )

d. Decfending our own territory and bases io the most efficient way.
1.13  Itis evident that only an air force which fully exploits all the knowledge and
skill which scieace has available now and will have available in the future, will have
a chance of sccomplishing these tasks. Aerodynamics, thermodynamics, electronics,
nuclear physics, and chemistry must rcunite their eflorts. In the following secton, a
short review is given of the most important scientific facts. These facts ure important
elements 1o be considered in selecting and training personnel and developing equip-
meant for the future Air Forces.

SCIENCE'S MAIN CONTRIBUTIONS

1.14  The development of aviation is a scfugg'le against the limitations imposed by
nature upon man, created to live on the ground, but nevertheless endeavoring to move

in the unlimited space surrounding our globe.

1.1%5  As the problem of heavier.than.sir locomotion was solved in principle by
the discovery of the airplase, speed snd range were confined to narrow limits. Wea-
ther and night sppeared as insurmountable obstacles, and human skill seemed to be
an indispensable element for diverse uses of the airplane in peace 2ad war.

1.16  Science has already removed many of these limitations:

a. By gradusl improvement in aerodynamic design, the velocity and economy
of the airplane have becn greatly increased. Airplane designers have continuously
endearored to eliminate all possible drag which impairs economy: i.e., the parasite
drag, by sttempting to make the aircraft essentislly into a flying wing: the turbulent
{riction of the air by creatiog laminar low around the wing. In recent years our kaow-
ledge of supersonic phenoniens has increased the velocity of the sirplane and brought
it closer and closer to the speed of sound, which for 2 long time appcared as a naiural
upper limit. This knowledge has opened the door for winged aircraft, both piloted
and pilotless, t5 thie threshold of velocities faster than sound. Until now only unmanned
ballistic devices have auained such speeds. .

b. Novel propulsive systems, using the resctlon or jet principle, have facilitated
the reachiog of high speeds, because of their reduced weight tnd increasing efficiency
with increasing speed. These systems replace the cooventional engine and propeller
st high speeds because the efficiency of & propeller decreases greatly wheo very high
speeds are armained. The rocket principle makes propulsion independent of the use
of the atmospheric alr and rocket-driven sircrafe are able 10 reach extraordindry
altitudes in an extremely short time.

e By gradual improvement, both in aerodynamic design and in engine construc-
tion, the performance and economy of sirplane transportation have beeo tremendously
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airplane e,coany further, the amyomn of heat :;:'::::;8&?3:::; 'l:.y‘::‘:n‘:c:;;;:.;;
::'.'“n;”l‘;f::':::::::: 1::1’::“ Weigh( or per lll.!i( volume, imposes a serious limitation

' nge with conventional fuels. The use of puclear energy

howcvef. may radically change this situation and help to reach almost unlimited range .
at least in the case of sircraft which do aot carry humaa beings. gex
o d. Navigation and instrument flying were greatly aided by use of the radio even
in its early stages of development. The recent extension of the specirum of radiation
down 10 centimeter and millimeter wavelengths, and the application of the pulse sud
echo principles of radar, opened fundamentally ‘aew possibilities in the struggle of
aviation against weather, clouds, and darkness. Bliad landing, blind bombing and
location of remote aad invisible objects (alrcraft or targets) are paramount examples
of the contributions of radar technique. Seeing through darkness by night and secing
through clouds by day became routine facts in mifitary aviation. Fighter coatrol from
the ground became an important elemeat in warfare. It appears that a wide-open feid
exists for progress in communication snd other applications of radio and elecrronics
which are discussed at leagth in “Radar and Communicstions,” by other members of
the AAF Sciemific Advisory Group.

e. Gradual improvements in gytoscopic devices led to the automatic pilot, which
materially relieves the human pilot. In addition, the development of gryo and servo-
motor devices made possible & great variety of remote control systems. Since we are
able to transfer optical impressions by television devices, aircraft or missiles can be
piloted to distant points from the grouad or from the sir by remote control. Radar
location devices similarly can be applied to the remote control of aircrafi

f. The progress in electromagnetic radiation tecbniques made sutomatic homing
(target seeking) possible and effective. A radar homing bomb was in use by the U. S.
Navy in the Pacific at the close of the war. Infrared (hest) radiation proved to be one
of the most promisiag methods. Radio, infrared, and radar have been applied 10 the
problem of the proximity fuse and will have wide applications in target location. Radar
has been found extremely useful in automatic fire control. Along with automatic hom-
ing, the design of automatic computers became & great practical domain of military

engineering.

8 Combination of methods of automacic snd remote cootrol with homiag
devices will lead 10 a complete solution of the problem of pilotless aircraft, having
tremendous speed, extraordinary range and ability to hit targets accurately. Although
pilotless aircraft will never completely eliminate maoned aircraft, they obviously will
take over ccriain missions. Both in the German and in the Japanese theaters, ous
strategic bombing forces brought utter destruction 1o vur enemies with the clocklike
accuracy of a great machine. The future aim is to build up, for this purpose, s war
machioe in the proper sense of the word, consisting of technical devices only, and yet
directed in all details by the mind and staff of some master strategist of the aic.
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PLAN OF ANALYSIS

1.17  The abundance and variety of applicadons of scientific ideas and devices in
acrial wuifure, shetched very hricfly above, put 8 tremendous task before the men
responsible fur the future Air Forces, For the most part the scicntific foundation of the
applications muntioned has alrcady been Isid, and other applicstions will emerge as
scientific research continues to be productive of sew knowledge.

1.18  The scienmtific-technological questions sre only a small part of the whole
problem. We are fully aware that a report prepared by men of science can contribute
only a small part of the solution. .

1.19  Chaprec 1] of this volume analyzes the problem of research snd development
from the point of view of the techaicsl requirements which the Air Forces must meet
in order to be able to carry out its wsk, securing the safety of the nation. It appears
thatthe main requiremcnts in w hich scientific methods, scientific resesrch and develop-
ment play an important role, may be listed as the abilities to:
a. Move swiftly and transport losds through she air.

Locate targets and recogaize them.

Hit targets sccurately.

& n g

Cause destruction.

Function independently of westher snd darkness.

Defear enemy interference. '

Pcrfect communications from ‘ronnd 10 sir and from sir to air.

To oo

Defend home territory.

1.20  Chapter 111 contains recommendations of an organizatory character as fol-
lows: .

Fundamentsl principles for organizstion of research.

Cooperation between science and the Air Forces.

Cooperation between industry and the Alr Forces.

Adequatc facilities in the Air Forces for research and development.
Induction of scientific ideas into command and staff work.
Scientific and techoological training of Air Forces personael.

1.21  Further volumes of this general report contain individual studies prepared
by members and collaborators of the Scientific Advisory Group on the main scientific
“topics. They may be used as a kind of gride for the direction of futute research, siarting
from the present state of the art toward the realm of the unknown to be revealed in the

yuu to come.
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ANALYSIS OF RESEARCH PROBLEMS

MOVE SWIFTLY AND TRANSPORTY LOADS
THROUGH THE AIR

2.1 . Thi.s fundamental problem can also be described as the problem of the aerial
vehicte. It includes the design and coastruction of maaned and unmanned aircrafe,
subsonic and supersonic. ;

2.2 Looking back to the past, the aeronautical engineer certainly can be proud of
the pcrformance of the prezent day airplane. Speed, rate of climb, and rangé have been
multiplied by factors of considerable magaitude in the twenty-seven years since the
end of the First World War. A great portion of the progress was achieved during the
last decade ia the six years of conacious preparation by the Army Air Forces and ia
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 VS. SPEED

2.3 The two great problems of aerial locomotion are range and speed. The ideal
solution is a combination of both.

2.4 Range is imperative because of the global character of aerial warfare. We have
to reach cnormous ranges, distances as great as hall 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 1o
carey very heavy loads 1o shoster ranges is essentially the same problem, because of
the int:rchangeability of fuel and pay load.

2.5  Speed is imperative for effective action, safety against enemy countermeasures
froin the ground, and superiority ovet enemy sircraft.

2.6 Hence, it appesrs that for the crystallization of our ideas concerning the de-
sired pecformance of future sircraft, we have 10 see clearly the fundamental relations
betwcen range and speed. The range of an airplane depends on three factors: (1) ratio
between drag snd life, (2) fuel consumption per unit thrust horsepower, and (3) ratio
between the weight of the fuel and :he total weight of the airpisae, at the beginaing of
the fRight. The first factor is determined by aerodynamics of the iarplaae, the second,
by aeiothermodynamics of the propulsive system, and the third, by construction and

material.




—— .

2.7 The critical factor is the lifi-drag ratio, which decreases abrupdy ac the 2p-
proach to sonic velocity and in the supersonic range never again attains the favorable
valucs realized in the subsonic regime. Evea if we are very optimistic as to the future
developments of our supersonic aserodynamics, it is improbable that the extreme
ranges possible for subsonic sirplaaes can be realized for supersonic planes. On the
other hand, the belief that supersonic flight is restricted to extremely short ranges iy
100 pessimistic, For instance, if atomic eaergy caa be used for propulsion, the range
of jet and rocket planes will increase to unprecedented values. Howerer, even with
present fuels, improvermeats can be ecpected in the design of jet propulsion uaits
which would bring the range of supersonic planes to 1500-2000 miles iu the sub-
stratosphere and 3000-3300 miles in the siratosphere. '
2.8 latheexample represented by the diagram, the ranges are shuwa for two values
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 is assumed to be carried out at the optimum values. The ranges given are ¥
for level flight at 20,000 ft altirude; fuel for take-off and climb is not considered. :

2.9  The ranges realized or realizablc with present engineering methods are dis.
cussed io detail in the report, "The Airplane — Prospects and Problems” by W. R
Sears and 1. L. Ashkenas, in the SAG report Aerodymamics and Aircraft Design. The
attainment of the values showa in the diagram, page 13, aecessitates considersble im-
provements in aerodynamics, both in the subsonic and supersonic ranges, aad radical
changes in the propulsion usits used in the supersonic range. At supersonic speeds
the frontal ares of the engine required for given thrust is the greatest impedimeat
and must be greatly reduced. The ranges given ia the diagram should be considered
as goals of a systemaiic effort of the next decade to be achieved by close cooperation

between sirplane and eogine research groups.

AIRPLANE TYPES

2.10  No artempt is made to write the specifications for the sircraft of 196%; how-
ever, it appears possible to indicate certain general functiona! requirements of future
aircralt. The following classification is based on the anslysis of the functions of the
Air Forces given in paragraph 1.12,

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

8. Ao sircraft which carries the means of destruction to the target 2and retusns to
its base or 1ands at some other predetermined base. This is the bomber in the proper
sense of the word

b. Anaircraft which is expendable and hits the target by means of remote coatrol
or automatic homing, l.e., 8 pilotless bomber.

2.12  The developmeat of bomber sircraft, in the proper sense of the word, will

probably continue for & few years the trend followed in recent years. However, it is '
0ot eavisioned that borabers will continue to grow in size, Incresse of size cannot |/‘
continue to increase speed and range indefinitely, but may be necessary to permit carry- ’




ing suflicient defensive armarent. Such arms i
] ma . meat ia the futute would j i
;o:qulled high-speed missiles, launched from the bomber w:i:b i’::::d;:ed‘:
ghter cover in case of necessity. The greatest increase of ,
. . speed and
sccomplished by imptovements in terodyanamics and propulf:ve m:(hor:l:‘e o be

2.13 In the field of pilotiess bombers the goal is the i issi

.\Ve assume & system of bases distributed in such‘l way that :J';:‘:;‘:"::'::’ :'::lel:l
in the world can be reached by such missiles. Two types of pilotless bomber'l should
be developed for this purpose. The first type should be a high-altitude, pilotiess, jer.
propelled bomber, with a speed equal to sbout twice the velocity of sound. This p'ilot-
l.css bomber will carry either atomic or conventions! bombs. Launched by rockets oz
lifted to high altitude by pilotcd sirplanes, it will be capable of level flight up (0 a range
of 23500 to 3000 miles. The second type simed for should be an ulirastratospheric
pilotless bomber, equipped with wings, but not designed for level fifght in the stmo-
splere. It should be endowed with extreme velocity during the acceleration period.
The wings will be used for two purposes: (1) to increase the length of the trajectory,
snd (2) to secure a controllability which is not possible with the pure V-2 type pro-
jectile. The propulsioa of this type of pilotdess 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 10 an unprecedented extent. (Cf. 2.31 to 2.56.)

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

2.16 Ao important problem is the development of special 2ircraft for sirborne
armies. These aircraft must be capable of cruising at comparatively high speeds, while
still retaining the ability to land and take off at sale, low speeds from small felds.
Vigorous application of jet-assisted take-off, boundary Jayer control, high-lifc devices,
snd decelerationdevices on troop-carrier sircraft can make this possible. Troop-catrier
sisrplanes must also be specially designed for rapid snd easy loading and unloading of
bulky items of ground equipment.

217 Every item of equipmeot in the Army (naturally, with the exception-of railway
guns, heavy seacoast defense guns, and the like) must be sir-transporiable. However,
the number of different types and sizes of troop-carrier airplanes developed must be
kept down 10 a practical minimum. There is immediate need for sa over-all study of
the weight and dimensional characteristics of every item of equipment in the Army.
Only s complete study can show what types and sizes of future troop-carrier aitcraft
are required to move the Army by sir with greatest possible eficiency. However, the
entire burden of making the Army air-transportable must oot be allowed to fall solely

" onthesircrafe designer, There must be established a mesns of controf over the weights
/" and dimeasions of Army equipment to insure that future equipment will he capable of

1




being carried in future aircrafi. This cap be done and must be done without compro-
mising battlefield requirements in any way. The cargo airplane and ground equipment
development programs must be coordinated at frequent intervals by ap ageacy charged
with the specific responsibility of making the Army capable of povement by aijr.

218 Gliders were used on a farge scalc (and with grest effectiveness) for the Kest
time in the sirborne operstions of World War I1. The development of gliders und
glider techniques must be continued since, at the present time, this is the safest, chesp-
est, most acceptable method of landing heavy equipment during the assault phase of
an sirborne operstion. New glider developments fhould stress the following: ade.
quate crash protection for crew and cargo; low landing speeds and usc of deceleration
devices for shoriening the length of landing ground roll; rapid unloading through
wide, rear-loading doors; adequate protection against small-arms Gre for pliot aad
copilot; greater aerodynamic and structural efficiencies through the use of high.lift
devices and metal construction; and the use of assisted takeofl techniques for decreas.
ing the length of teke-off run required by glider-towplane combinations. New gliders
(rowed-aircraft) must be und can be easily designed for rupid cooversion to low-
powered transports. This will eliminate some of the major shoricomings of gliders
because ferrying to combat theaters and use as short-haul transports between airborne
missions will be possible. The advantage of having such a transport, which can be
easily and rapidly Joaded and unloaded, for short-haul work immediastely behind the
lines cannot be overemphasized. Promising new techniques for the assauit landing of
hcavy equipment must be developed and evaluated tactically. Important among these
are the assault transpor, the method of dropping heavy equipment by means of para.
chutes and decelerating rockets, aircraft with jertisonable cargo comparuments, and
rotary-wing aircraft. Stable (nonoscillating) parachutes with lower opening-loads

must be developed for parstroopers.

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

AERODYNAMIC PROBLEMS

2.20  Improvements io the lifi-drag ratio proportionsately increase the range of
an sirplane. Therefore, efforts should be concentrated 1o stain such improsements.
Ia 1933, an eminent American serodynamicist, who, ironically enough, later became
instrumental in the development of the laminar wing, declared chat ia his opinion
no more major progress can be expected in aerodynamic science. He referrcd to the
fact that with the discovery of the wing theory, lift and drag became calculable quanti-
ties, and the petformance of the sitplane could be fairly exacdy predicted. Also, the
designer fearned the rules of streamlining snd methods of eliminating superfluous
drag by “cleaning up” rhe sirplane. By use of systematic and detailed wind-tunael
tests, this cleaning up process became almost perfect, so that further improvements
can he expected only in exceptionai cases. However, even in the fuirly well explored
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subsonic speed range, new possibilities appesred with the discovery of the laminae
wing section and the eflorts 1o design an efficient flying wing.

2.21 The concept of the laminar wing is based on the fundsmental fact that whea
the flow in the boundary layer of 4 surface moving in sir is Inminsy, the sutface fricrion {
is very much less than in the case when turbulent motion takes place in the same fayer. '
The laminar wing sections which we are using in the present-day design, endeavor to
keep the boundary layér laminar over a portion of the wing surface by means of an
appropriste shape of the section. This method was applied in the design of quite a few
of our modern sirplanes, with considerable success. The proposs! was first received
with skepticism. Sevceal objections were raised; that the expected effects of drag re.
duction could only be nbuined if the wing surface is extremely smooth, and that the
bencfhicial eflect could only be attained for small values of the lift coefficient, thus
restricting the benefit of the reduced friction to certain flight attitudes. Nevertheless, it
appears that the initial successes of the laminar wing are 30 encouraging that in future
research we should strive to gu the whole way, Le., to try to aecure laminar low in the
boundary layer by positive measures slong the entisre wing and in a large range of
angles of atiack. It is known that theoretically this sim can be artsined by the a0-called
boundary layer control. Results along this line are already available, for example, in
the 1ests carried out by Professor J. Ackeret 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 cause
praciical difficulties (for example, in the case of icing). However, looking iato the
future, extreme smoothoess might be realized by materials now in the making, 20d it .
will certainly be worth-while to put in a great amount of research work to eliminate
other possible practical obstacles. There is even the possibility of eveatual elimination
of conventional movable cootrol surfaces, by use of boundary layer coatrol to effect
changes in lift a0d moment.
2.22  The same principle cr = '+ applied also to reductions of the drag of sirplane
bodies, for example, bodies with circular cross sections. In the case of wings, it will
be necessary 10 subdivide the wing into a oumber of compartments with individually
regulated boundary layer couroi. In the case of bodies, it might be sufficient 1o apply
the control at & few critical cross sections.
2.23  The fundamental idea of the flying wing is the elimiostioo of the parasite
drag contributed by such parts of the sirplane as do not produce lift. The 1ailless air-
planc is an even more controversial subject than the laminar wing. As does every
unorthadox type, lt introduces some new problems. The fact that the loagitudinal
control is placed in the wing involves contsol force characteristics which are different
from those occursing io conventional sirplanes. Much discussed problems are the
proper method of securiag directional stability, and the best arrangement for sweep-
back. As a matter of fac, 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 uilless sirplane. However, as the global character of serial
transportation, and especislly serial warfare, becomes more aod more evideat, it is
apparent that our present sirplanes are insdcquate to meet the demand for range.
Therefore, the two methods promising essential aerodynamic progress, namely
boundary layer control aad uilless desigo, should be explored with adequate facilities.




2.24 The large decrease ia the value of the Jift-dra i

fbouc 0.9 is due to the rather sudden increase of the dng‘o?l::l::plh:':c:'h?m'nkr of
is essentially due to the fact that the relagive velocity of the sir locally b.econ:e'::".”
thaa the selocity of sound. Simultsneously with the incresse of the drag diﬁc\:lrz:r
are encountered, in most cases, ia the stability sad control of the llrpllne'. Geneul]'
(hc?c p{r'cnomcm sce designated ss compressibillty effects; we prefer to use the dcsig’-
nation .(nmonic problem.” Obvicusly, is order to extend the speed limit of high.
spefd sirplaaes, 8 thoro.gh iavestigation of the serodynsmic phenomens fa the n:n-
sonic range is needed. As a matter of fact, the serodynsmics of both the subsonic and
supersonic ranges sre better known than that of the transonic range, which extends
spproxicrately Feexvean the Mach aumbers of 0.8 and 1.2. One resson is that the
mathematical analysis is extremely difficule, since the flow zround the airplage is
partly subsoaic and pardy supersonic. Another great difficulty is causcd by the unre-

- liability of wind-tuaael tests ia this range. Flight tests, dropping tests, and messure.

ments on models carried by rockets are the main sources for experimental informstion,

2.2% Fighters aod interceptors now in the making operste sctuslly 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 imporiance. German scientists observed that lacresse
of drag of the wing can be postponed to higher Mach numbers by sulicieat aweep-
back. This method is generslly used now in the design of fast ghters sad interceptors.
Designers are secking ‘means to reduce the excess weight and the difficulties in stabll-
ity and cootrol connecied with the swept.-back wing shape. However, this solution Is
aot aecessarily a final one. When our knowledge of serodynamic phenomena in the
transonic range has been more irmly established, we may find methods for eliminating
the separation of the flow behind the shock wave, sod the fundsmentsl trouble, namely
the occurrence of shock waves. In the subsonic range serodynsmic research brought
rich returns. It csn be expected that the same process will repest itself and will lesd
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 sirplane necessitates very high wing loadiag
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 s 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
subsoaic sirplane. 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 Sciea-
tific Adsisary Group on this question. These investigations suggest that, assuming
given ratio betweea fuel and total weight and s certain space required ia the fuselage,
the range is essentislly s fuaction of the ailtitude at which the supersonic flight takes
place. The preceding diagram, psge 15, shows sn example of the varistioa of range
with altitude. The ideal applicarion of such » supersonic sirplane is the pilotless
bomber (Cf. 2.13). Similar types of supersonic alrplanes will serve as pilotiess iater-
ceptors (Cf. 2.19). The best speed range for the latter device may be betweea 1.2
2nd 1.3 times sound velodity.

2.27  The fact that in the case of the supertoaic sirplane, the body resistance
coatributes s relatively lasger portion to the total drag than in the case of subsoalc
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plaaes cal:s for study of an all-wing design. However, supersonic flight requires wings
with small thickness-chord ratio. Hence, one can create sufficient space only ty using
s wing shape of very small aspect ratio. It is fortunarte that, in the supersonic range,
triangular-shaped wings give relatively high lift-drag ratios in comparison with other
plan forms. Hence, for c.unred iaterceptors & series of all-wing sirplanes should be
tried, eventuslly with a small cockpit for a pilot. Such a series should extcud f:1m s
:ailless sirpiane similar to the Me-163 to pure triangular-shaped airplanes.

2.28  Besides the lift and drag propert.cs, the questions of stability and controi
are the most important. The change of the flow regime introduces difficulties in the
transonic range. But also in the pure supersonic range, very lictle is known about the
efficiency of serodynamic control surfaces and control forces. This field needs thor-
ough exploration by sll means svailable, starting with wind-tunnel tests and ending
with flight tests. Possibly in addition to conventional means, displacements of weights
or direct conteol of the pressure distribution by modification of the fow, as in the cas

. of boundary layer control, are necessary. :

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

’ /.
PROPULSIVE PROBLEMS . ﬂfv/.,.m Aevees 170 r
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2.30  All our airplanes actually used in the ,war were plopelled by propellers
driven by reciprocating engines. However, the progress ma e in the field of jet pro-
pulsion and gas turkines and the experience gathered in Great Britain and Germany,
and also with our own experimental jet-j ~opelled sirplanes] enable us to choose the
best propulsion system for any future project. In broad line:.t!he merit of & propulsive
system is determined by two figures: the weight which has to be installed in the air-
plane for unit thrust-horsepower, and the fuel consumption per thrust-horsepower-
hour. It is cvident that for flight of short duration, small engine weight has the deter-
m’2i- , influence; for long duration ilight, low fuel consumption is more essential.
Fuel cocsumption per thrust-horsepower is determined by the efficiency of the engine
and the propulsive efficiency of the system. At the present moment the reciprocatin;
engine is still more econowmical than the gas turbine, and at subsonic speeds the pzo-
peller bas higher propulsive eficizncy than the jet. However, looking into the future,
the following coasiderations appear important.

2.31  Itappears to b rather difficult to atrain radical i .covements in th= cracicncy
of reciprocating enginey, wheress a wide open fie}d ic available for hnprovement;
in the case of the gas turbine, Hence, efforts should certuinly be concentrated on
SPVEREEY I S VEPIA NP T
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2.32 The pase gas turbine hs the advantage of simplici
dlmfnsion's. The reciprocating engine has st p?esent mpldu':;n':hc:v::‘t::‘ it S
tucbiae chiefly due to its Gtilization of higher pressures. However, it should be pointed
out that the advantage of the recipracating engine holds for the cruising condition
fmly, bu‘l 3t maximum power output the gas turbine equals or surpasses the reciprocat.
ing engine in fue' econnry,

2.33  There are many ways of improving the performance of the pnre gas turbiere,
for instance; )

Higher combustion tempersture.

Higher pressure rato.

Improving the serodyaamic efficiency. Lz
Intercooling between compressor suges.

Reheating the air betweea turbine stages.

~f a0 o>

Use of separste turbine for p.opelier drive.

! g- Rcpgeneration by the use of a heat exchanger to extract heat from the tur.
beine exhaust, and utilize this heat to warm the air entering the combustion chamber.

These improvements involve partly meullurgical problems in search of better ma-
terials, partly serodynamic problems, finslly design problems to avoid usdue peasl-
ties in size, weight, and compiexity. . -

2.34 Improvement of reciprocating engines appears possible by utilization of
somewhat higher pressure ratios, but in the pure reciprocating engine this teads to
be offsct by loss of heat in the exhaust. A-promising development is the so-called
compound engine in which the exhaust of a reciprocating eagine drives » gas rurbine
which feeds back into the drive shaft. In this way the pistons of a reciprocating en-
gine are used partly 10 drive a crankshaft and party to serve as a gas genersior for
driving a gas turbine. The free piston-type of engine represents the extreme in this
compounding priuciple. In this systera the pistons are used solely as gas generaiors,
and ¢he products of combustion are used entirely to run a gas turbine. Both the com-
pound engine and the fiee piston engine have not been explored enough to judge their
ultimate possibilities.

2.3%  Wish the practical realization of the gas turbine, the entire field of propul-
sioa, aerial, maritime, and ground transportstion came into s revolutionary stage.
Science and industry sre feverishly workiag co the'analysis of relsted acrodynamic
sad thermodynamic phenomena, improvement of matcrials snd construction. Un-
doubtcdly in this Seld the Air Forces will receive in the next decade the berefit of
maay developments initisted by others. However, it will be necessary 1o give indus-
try orientation in the direction of requiremments of the Air Forced. Many of these re-
quirements involve special problems in which industry in any case might aot be




primarily interested, for example, performance at extceme sldcude and large excess
power fur short dursdon.

2.36  Jet propulsion will be generally used for transonic and supersoanic speeds,
i.e., in the specd.range where the propulsive efficiency of the jet Is superior 1o thay
of the propeller. However, the light weight of jet devices may justify their use also
st lower speeds. For exsmple, combined propeller and jet drive ensbles an sirplane
to cruise economically with the propeller drive at lower speed and reach high speeds
for short duration by means of sdditional jet propulsion.

2.37  The rariots jet-propulsion systems utilizing hydrocarbon fuels in the at-
mosphcre are listed ir the €47 report Where We Stand, Theodore by Von Ksrman,
as (ollows: I

Rccigroca(.ing epgi:te '-}-_duc.c'«.! fan + jet }’?fgpiﬂ '
Gas turbine + ducted fan + jet : . '
Gas turbine + jet _ , Turbojet !
Continoous jet, compression by aerodynamic ram Ramjet i
Intermitteae jet . Pnh;jct

2.38  The chief limitations of the motorjet are those associated with the redipro-
cating engine. Since the reciprocating engine has a large frontal area in comparison
with the gas turbine, units of large power become difficult to accommodate la the duce.
The motorjet is considered » trangition stage between the conventional engine-pro-
peller combination aad the an. It is not considered, therefore, an important
item in s long-range propulsion program. It is interesting to note that thelJapanese
also had a motorjet which they considered sn interim jet motor pending development
of the gas turbine. E

i XN

2.39  In the turbofan the gas turbine drives, besides its own compressor, a larger
compressor or fan in a duct. It appears to be 2 prumising development for filling the
speed range between the turbopropeller and turbojet. It has the advaniage of greater
efficiency over the turbojet in the high subsonic or transonic speed range because it
moves t Jarger mass of air. It also has the advantage over the turbopropeller in the

same range because the use of shrouded fans avoids the tip losses which propellers i
have at high Mach number. There has been very little development on this system up

to the present, and much spplied research is needed; for example, wind-tunnel testing

st transonic speeds on gas turbine - ducted fan combinstioas in various duct arrange-

ments. T
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2.40  The turbojet development of the last five years proved the practicability of
the system beyond doubt, and realizred considerable progress both in the size of units
and in fuel economy. Oa the other hand, many problems are unsolved and call for in- '
tensive research. In addition to the problems related generslly 10 gastusbines and dis- ol
cussed above, two methods of producing excess thrust are under investigation: aftes-
burning in the rail pipe, and fuid Injection. At present requirements of high thrust ' tY
for a given frontaf area and of fuel economy are cooflicting, which constitutes a diff. : "
culty for the application of current tucbojets to supersonic aircrafi. Howeves, possi- ' (
bilities for further improvemeat, sbow definite promise of eliminating this dificulty id
and should roake future turbojets applicable 10 supersonic Bight provided sufficient

~
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:::‘n‘ ':’:i::::';’n:(::c?::::d on ﬂ:!e suhbl'eﬂ. Since turbo.ieu have an excelleo ProPuI‘.Z .
should bring “,m'l:h "m:"sfe;us. the eiaon of ndlpt!ns them to this speed range |
sign of compressors and gas m;b_nP"S’On c},“md"’.m‘“ 'PP”'? to the blade de.
pilotless asirplanes ethnfhble ml b"'. * ihowd bring worth-while geinsFor use in
) : rbojets should be developed 10 have an cndursace

unly slightly greater than that required by their mission.

241 With increasiog flight velocity, the inlet air Pressure to a turbojet compressor
increases due .to ram cczmpreuion. When the sircrstt is fiying at sonic velocity, the
ram. pn:ssurf. is ap;.u.oxnmately twice the atmospheric pressure and an efficient duct
design is able to utilize 1 high percentage of this pressure: For supersonic velocities
beyond Mach number 2. the air pressure due to ram compression can be inany times
the atmospheric pressure and we can well dispense with the mechanical compressor
and hence the turbine of the turbojet. The unit will thea consists of an entrance air
diffusor, the combustion chamber, and the exit nozzle. This is the ramjet. The ramjet

is thus essentially a supersonic propulsive power plaat. Its practicability at supersonic
velocities is already demonstrated. The present theoretical calculation shows that for
flight Mach numbers exceeding 2, the specific fuel consumption of the ramjet could -
be as low as two pounds per hour per pound-thrustaThis 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 froa.
tal area due to the higher c.ombustioo’tempgrature permitted by the absence of highly
sllressed moving parts. /. . a7 T el 'u;,‘“ ('\.. R LY A
2.42 It seems then that the ramjet is the logical power p'hm for supersonic flight
with speeds greater than twice the speed of sound. Of course for short duration
boost, even applications 3t subsonic or transonic speeds may be considered. How.
cver, here the fuel consumption of the ramjet is high. Furthermore the drag of the duct
when not in use is very large. Therefore, if a turbojet or turbofun is the main power
plant of the aircraft, then a wiser plan is perhaps to inject fuel into the tail pipe of the
maia engine for obtaining a short burst of large thrust.

2.43 For supersonic application, it is essential to reduce the froatal area of the
duct for low drag. This meins 2 small combustion chamber cross section and high
flow velocity. Efficient and intense heat release at high Row velocity is one of the most
urgent problems_',;in ramjet development. This problem and the problem of efficient
difflusor and exit nozzle design kave to be solved by concentrared eflorts with the help
of high speed wind tunaels.

2.44 The high fuel consumption of ramjets at subsonic velocities is due to the low
Fressurc in the combustion chamber obtainable by ram. By carrying out the combus-
tion in a confined chamber, like ap explosion, the pressure at the end of combustion
can be raised. This is the pulséjet. Its feasibility was first demonstrated by the engine
of the Germaa V.1 flyiag bomb. This type of engine in its present form has a fuel
consumption between the ramjst and the turbojet in the subsonic and transonic range.
Thus, its advaniage in simplicity compared with the turbojet is counterbalanced by
the high fuel consumption. Therefore, the answer to the question of whether it will be
vsed for propeliing pilotless sirceaft io these speed ranges depends on two factors:
(1) the development of simple expendable turbojet units, and (2) the possibility of
irproving the fuel economy by improved injection and combustion methods.

*
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2.4 i
: ds..ﬁm'.}:[;, l‘l:‘;;::?onlc :y;eeds, the present type of pulsojct with the spriog valve
*fini tor to the ramjet. However, theoretical considerations sh b

Pul;"hlh'ly of removing the valve and depending on the inertia of the air cc:lu::: ;o:
va eb-cm?n. If this could be done, then the performance of pulséjet would be com-
:nlr‘a ble wnhltf;at of the ramjet. Here the choice between pulsbjet and ramjer is difh.
ult because of present meager knowledge of these I i
experiments can answer this questioa. ’ pover plan: Orly continued

2.46  Jet-propulsion devices using chemical propellants without the benefit of
the a'unosplnen'r air are called rockets. The combustion in the rocket motor is made
?nssuble by having the oxidizer and fuel contained either in a single compound or
in separate compounds. In the first cise, we have the monopropellant; in the secoad
case, the multipropellant. Since the oxidizer is carried in the propellant, where
as for the thermal jets, the oxidlzer, oxygen, is suppiied by the atmosphere, the specific
consumption of propellant is much higher for rockets than for thermal jets. For
rockets, this value js generally 14 to 16 Ib/hr/Ib-thrust. However, the rockers have
two distinct adsantages 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 Ib, hr Jb of thrust. The second advantage is that the thrust of the rocket
is independent of the forward motioo 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 durstion so that the total weight of the power plant plus the fuel
is small in spite of the beavy consumption, or (2) st 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 vajue of the propellant so as to reduce specific consumption.
The future development must rely on detsiled improvement of the characteristics of
the propellant so that a more compact aad efficient power plaat caa be designed.

Since gas propellants require bulky contsiners, 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 shont duration, for
example, one 10 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 soanic range of velocity. For short-
time solid-propellant rockets are able to develop s very high thrust. If the application
calls for somewhat looger duration, the liquid-propellant rocket will be, In general
more desirable. There are three methods of feeding the liquid propellant iato the
rocket motor, nsmely: by use of a pressurized gas, by meaans of a gas generator which
produces the necessary gas pressure, and by pumpiog. The first method can be applied
only for very short duration. For longer duration, one of the two other methods must
be applied where the gas generator may be simpler ia design and construction than
the pump.

2.48  If the rocket is to operate in the dease atmosphere of fower sititudes, as
in the case of antiaircraft missiles, the drag of the misvile is of primary impornance.

>




A . S R - L e
7/ ‘ .
. L L, e R .,

We wish to reduce the fronial area and, heace, the volume of the missile. Then the
propellant should have the highest impulse per upit volume. At present, the best
propellant in this respect is the nitric acid - sailine combination. If the rocke: is 1o
operate in the rare upper stmosphere, for exsmple V-2 rockets, the drag of the missile
is of secondary imponance. Then, the propellant should have the highest impulse
per unit weight. At present, the best propellant in this respect is the liquid oxygeo
and liquid hydrogen combinution. The extremely low temperature of the li'quld
hydrogen msy cause difficuliies in the desigd. 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 & better understanding of the combustion and the flown:
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 developmeat
should be a more versatile propellant or a series of propellaats which can cover the
range of applications as to operating duration and operating ambient temperarure.
Much reduction of the unit weight can be achieved by reducing the pressure in the
motor during burning without csusing unstable combustion. )

2.51  Since the end of the war, the importance of atomic energy has become more
2nd more evident. Without doubt extensive research will be doae ln all countries with
the goal of using atomic encrgy a3 a source of power. From the point of view of air-
cralt propulsion the problem is centered on the question! Can we replace the com-
bustion chamber of s rocket or a thermal jet by a nuclear reaction chamber? In the
case of the rocket we have 10 transfer the heat released by the nuclear reaction to an
appropriately related working fluid, in the case of the thermal jet, to the air.

2.52  The nuclear process in a system contsining fissionablc 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 neutron present in the system at a giveo time. If the multiplication factor
is larger than unity, a chain reaction occurs. The number of neutrons, the number of
stomic fissions, and the amount of released energy increasc exponentially with time.
If the multiplication factor is smaller than ubity, the process stops. The first case
corresponds 1o an explosion in a combustion chamber; the second case is analogous
to an expiring flame. Hence, in order to substitute release of stmoic energy for steady
fuel combustion, one needs a sysiem in which the multiplication factor is exactly one.
One nceds 8 method which regulates the process in such a way that the multiplication
factor is kepe with sufficient accuracy at a value equal to uniry.

2.33  As a matter of fact, such systerns are already operating, for instance, ia the
manuflscturing process of plutonium. However, they operate st the present time at
low temperatures and are relatively heavy. At the level they now uperate, they would
be prohibitive for any aircraft or propulsive device. To be fuge, the consumption of
material per kilowatt hour is negligible, practically zero. Honeves, the initial weight
is large. By use of concentrated fissionable material the weight can certzinly be re-
duced and one can imagine that the present difficulties of increasing the temperature
at which the celease of heat tskep place will be overcome. However, two great impedi-




2.547 However, atomic engineering is at the begicain i

expected that if the problems are clengy recogniuds they :i:'n‘l?obt:rrz-::dli\(rl:‘:m’l"
the first stage of development is Snished: We have systems vith a lremeudon;s ratio be,
tween energy: available for release and Wweight. However, we have no possibility l;
yet, of releasing energy st any reasonable rate without using s minimum lmoum' of
material which represents an immense reservoir of energy out of all proportion te the
ent'rgy actually needed for one Right, with the exception of the case in which the same
fssionable matter is used both for propulsion and warbead. Assuming that the problem
of energy release is solved, the following situation would be realized s far as sircrafe
propulsion is concerned. .. - - - - ——_. -

2.353  Inthe case of the rocket ship, which does not use air, s workiog fluid has to
be carried in the rocket. One will choose the lightest gas, i.e., bydrogen, since for
the same encrgy released, bydrogen will give the grestest exhaust velocity and, there-
fore, the greatest thrust per unit weight of material consumed. It is estimated that if we
src 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 incresse moseshen 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.

2.56  Ifthe substitution of nuclesr 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 chambes
could carey itself in the acmosphere, it would have practically infinite range, since its
fuel consumption is practically zero. For this purpose an atomic engine weighing as
much as eight or nine pounds per brake-horsepower would be acceptable for use in
large bombers for subsonic Bight, but for greater performance, such as supersoaic
speeds, a better specific engine weight would be necessary. This weight must include
sll moderators sad regulating devices, and radiation shielding.

2.57  Thespplication of stomic energy 10 the propulsion of manned airplanes will
probably be out of the question for s very long time because of the difficulty of protect-
ing efficiently the personnel from the dissstrous effects of radistion. The necessary
shielding, at lcast at present, Implies prohibitive weight. However, for a pilotless air-
plane there ate definite possibilitics. The problem should be attacked urgently and
with adequate personael and means.

s

PROBLEMS IN MATERIALS,

2.8  Aircraft materisls have been perfected coativuously snd new materisls
studied with much promise. Neverthless, it can be stated that we do not yet have
the idesl materisl which would fulfill both the requirements for strength and for
serodynamic behavior. Whereas, for slow sirplanes it was sufficienc thac the elastic
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limit of the mareris] be oot surpassed, for high-speed airplanes it is esesntial that vhe
aesudynsmic shape of wing and body be meiouined with a minimum of deformation
svoiding sny locs! wavicess. Also, a perfecily smooth surface is Becessary, and ch.'
possibility of keeping the surface smooth io service. These requirements call for im.
provement in properties of knowa materials or discovery of new materials of low
specific weight, as well as development of methods of fabrication and productioa o

tske full advantage of the material properties.

2.59  Another equally important requiremeat is the development of high-tempers.
ture materisls for gas trbines snd jet propulsion devices. Great advances have been
achicved duriop the pact five vears. However, the investigations were generally made
by purely empirical methods, without consideration of the fundamental charscrer
of the solid siate of metsls from the physicist's point of view. This more fundamental
spproach will deBnitely open ways 10 new horizons in a field where old concepts
and methods seem to yield diminishing returas. For application te individual design,
8 closer understanding of the particular requirements in each case will also aid greatly
in materisl development. We must choose among the multitude of material properties
(such as elasricity, plasticity, yield characteristics, Impact arrength, lsclgue atrength,
etc.) the most important ones for a givea design, and aot require the optimum ia
every aspect. Thia means a closer analysis of the stresses of machioe parts, especlally
under dynamic aad high thermal siress conditions.

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

property,
2.61 A dificrent 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
K temperatures. The recently proposed method of cooling by injecting the coolant
through a porous material will promote the development of new alloys.
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2.62  In rocket motors the need for high temperature resistiag matcerial has grown 1
with the increasing demand for fonges durstion of operation. 1n view of the very high .
temperature involved in the combustion of rocket fuels, liquid-cooled chambers :
snd nozzles have been used for long-duration units. The erosion of the nozzle has been
a very difficult probler from the material point of view. 1t 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.
Itappears that the conditions the material should satisfy to operate properly in s liquid-

o




.

cooled unit are different from those re
quired for sa uncooled uaic. |

m}e!l‘.! nn.lto used almost exclusively. Therinal conductiviry, tb::t:ll -u‘:.:n‘l::: .:::
machinesbility are the essential factors in this cese. 1a the second case, most a;mh
wiel,l ;lot stand the cumbustion chamber tempersture, a0d the use of high ;aeltla. polat
- mets

junm:d.(mn'?'“. molybdenum, tantalum) and of Fennlc materials seems 10 be
2.63 Ia ll'u design of auclear reaction chambers, qul;o different characteristcs
of t!re matecial must be considered, especially the absorption of aeutrons, alpba
particles, and radiation, cumbined with high temperarure.

lOYARY-WINlO AIRCRAFT

2.64 No mention hes been made so far of sirceafe different from the airplace type.
Certainly rotary-wing aireraft, in spite of serious timitutions, have military applics.
tions in airborne operations, as well ss « host of tpecial dutles such as rescue, Halson,
etc. The application of jet propulsion to rotasy-wing alrcrafe is worthy of further la-
vestigation, and other forms of rotary-wlag aircraf, such as the cyclogyro and gyre-

dyne, should be more fully explored. A somewhat fantastic ides is a helicopter driven
by atomic energy, which could serve ss sa observatlon station for a very lung period

of time at considerable altitude, reporting data to the ground or to sn airplane.

AIRSHIPS

2.65  The sirship is in principle a slow-velocity serisl vehicle, with the advantage
of large cargo carrying capacity. Aerodynamic development and development in
propulsion may considerably increase the speed of the airship. Siace the greatest
portion of the drag of an sirship 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 reqyire a construction material suitable for forming & smooth surface with

sufficient locul streagth.
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LOCATE TARGETYS AND RECOGNIXS THEM
i ' -

3.1 In order to sccomplish its mission the Ale Porces must '
zo;rei:;v:::y.::::ag::;;:n 'llcndndlhrough the air but the moveme:?(mcl:ll’b':.d::,::!::
ssile and its means of

of a mi.h'nry target which may be anywhere o::;':‘;?;::.r;":: :.‘::: '.:;:':«;‘:in::
re.cogmzed. The technical problem is one of locsting two objects, the sircraft or
missile, afld lh.e target, with respect to some frame of reference and of bringing the
two .lonnons in coincidence by guiding the sircraft or missile. It is convcnh:t to
consider the problem in three successive phases: (1) Reconnsissance, or obtaining
advance knowledge of whcre targets are to be found 30 that an attack may be planned;
(2) navigstion, or guiding the sircraft or missile from the base of operations to the
vicinity of the target; s0d (3) recognition of the target tmmedlately prior 1o lts sttack.

‘i

RECONNAISSANCE

3.2 The basic frame of reference for locating targets is an sccurste and precise
survey map of the earth’s surface, but before targets can be locsted oa & map, we must
first know that they exist. The first procedure will undoubtdely be to make factual
surveys of enemy industry, transportation systems, and military instsllations by the
; usual roethods involving agents traveling within enemy territory, study of prewar
] economic dat, and similar methods. The next step is to obuin information by recon-
! naissance flights of airceafc or missiles using every known method of siding the senses
; of man, including aerial photography, radar, heat deteciors, detectors of radioactive
materials, etc. The enemy will try to disguise his main factories and other insullations
by camouflsge and decoy targets and will try to Interfere with the operation of our
scientific 8ids, for exsmple, by providing smoke screens and by clectronic jamming.
We must, therefore, employ s variety of means, comparing the results of one agsiast
the others. This problem of determining precisely where the targer is locsted in the
first place requires the judgment which can only be supplied by the human brais,
and cannot be entrusted wholly to any single mechanism as may perhaps be possible
in the navigation snd attack problems.

AERIAL PHOTOGRAPHY

3.3  Ifuccurate msps of the encmy’s territory are not siready available they must be
provided by our own forces and the most feasible metbod is by mesns of aerial photo-
graphy. Methods of serial photography have been highly developed and will contioue
to be useful even if siscraft fly faster and higher. It may happen that difficuley is ex-
perienced with clouds #nd haze in which case radar methods can be used as discussed
in the next section. Maps made from gerial photographs may or may oot show the
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?clull location of ail possible targets but they will show the shape and locstion of citf
lmportln(. tivers, coastlines, mouantains, and other natural features and they will nr:"
as the basic fiame of reference for location of strategic and other Bxed targets, ’

3.4 Aerial photography Is slso used for detalled surveillance of encmy territo
aad for the detection of specific military targets. The long period of time which z
availsbie for the study of reconnasissance data usually enables the detection of deco s
and camouflage and permits exact location of the 1srget. Conceslment by cnmouﬂa:e
can generally be defeated by color photography or stereoscopic photography, hoth of
which have been highly developed. Few pigments useful for optical camouflage match
the colors of the surrounding territory so perfectly that they cannot he 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. )

T —— e o

RADAR SURVEYS

35 Useful maps can be made by photogeaphing the indicator scope of an airborne

rader and the detail is greater the narrower the radsr beam, l.¢., the shorter the wave

length for s giveo antenna size. ltie, la fact, desirable to provide apecis] reconnalasance

radar equipment in a specis) sircraft whose express functioa is to provide large and

clear map-like presentationa of the terrain suitable for photographing. Such records ) .
are useful not only for makiag the usual line maps but as guides to bombardiers whea 4
radar methods of bombing are used. Radar reconnasissance can be made ac night snd
through clouds. It penetrates the nets and cloths 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 in radar
photographs. Smaller targets can be detected under suitable background conditions.
Objects surrounded on one or more sides by water such as bridges, piers, ships, etc,,
are easily detected by modern radar equipment.

HEAT SURVEYS

5.7  Undergrouad installstions cannot be detected eithes by serial photography
or by radar, sad other means must be sought. Any large industrial plant uses consider-
able smounts of power which is eventually turned into heat by friction in the machines,
losses io electric motors, electric lights, alr compressors, etc. In an underground plant
the heat must be conveyed to the surface through a suitable ventilating system except
in very unusual circumstances. The hot air exhaust pipe may be detected by sensitive % o
heat meters carried in reconneissance aircraft. The same equipment is effective in (

detecting optically camouflaged industrial plants snd la differentiating between real . w
and decoy targets, -
ACOUSTIC METHODS
3.8 The present war saw the developmeat of sonobuoys for detecting the presence
of submarines. These devices dropped from sircraft into the sea contain microphones A,
”n
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MAGNETIC METHODS

3.9 The preseat war has also brough lop

8ht the development of magnetic mechod
detecting su!zmerg__ed submarines. In priaciple the same methods shguld be :pp;c:b‘;c’
to the defecuon of vaderground factories. Because of their short range of detection
these devices ace not at present highly practicable for this purpose.

ATOMIC POWER PLANTS

3.10  Plants engaged in the manufscture of materials for stomic bombs or atomic
power plants may be detecred not oaly by the heat givea off but by the special typea of
radiation from them which peactrates coasiderable thicknesses of earth. Suleable
sirborne equipment caa probably be designed for the detectlon of such radisvion.

- NAVIGATION

3.11  Having fixed the geographical location of the enemy targets the next step is
to bring the aircraft or miisile to the viciniry. The central problem of navigation is 10
determine quickly and accurstely the geographical position of an aircraft. The ideal
situation is to have available continuously the position of the sircraft regardless of
westher conditions, preferably in the form of a plot oo & map showing the history of
the flight up to the present momeant. As the speed of the sircraft increases, the time
required to obtain the position must be reduced. For example, sn aircraft flying at 1200
miles per hour traverses 20 miles in one minute, and it would be aecessary to reduce
the time to less than three seconds if ea accuracy of one mile were desized. It is obvious
that sutomatic observing and computiog devices are requlred.

POSITION FINDING

5.12 The methods svailable for locating the position of an aircraft may be classi.
fied in various ways. They will be discussed here under the headings visusf metbods,
dead reckoning, and ndio and radar methods, the greatest emphasis being placed on
the radar methods because they seem to offer the greatest possibilities of arsining the

jdeal. :

VISUAL METHODS

3.13  Wheo the ground is visible, the position of the aircraft may be obtained by
referring to visible landmarks such as cities, railroads, rivers, mountias, lskes,
lighthouses, etc., snd comparing them with & map. This simplest method of navigation,
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kaowa s sir pilotage or pilodeg, is uselul primarily over laod in cleas weather snd
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 navigstidn msy be used. This procedure ambunts i
fundamentally to a determination of the position of the alecrafe relatve to the geo- ;
graphical position of oae or more celestial bodies which is kaowan ifthetimeiskoowa, !

Much iogenuity has been exercised in developing sids for converting the observed I

d‘nu into position of the aircraft in the shortest possible time. Anteation should be
Biven to the problem of automatic cefestial oavigstioo of pliotless sircrnis.

DEAD RECKONING

3.18 Dead reckoaing is the method of estimating position by keeping an accouant,

or reckoning, of the course and distance from a previously known position. The basic

observed daw are the air speed and the compass course, but sultable corrections mus

be made for air temperature aad pressure to give true sir spend, for declination and

% . deviation to give the true heading, and for the wind. :
I 3.16 Mucb of the human fabor Involved in this mefbod has been removed by the

: development of the flux-gate compass and of Jostruments for measuring true air speed

in coanjunction with a device known as an air position fadicator. la this device, the

compass heading is combined with true air speed sutomatically to give latirude and P

longitude, starting from an initial setting at 8 known position. The mechanism takes

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

and fuoctioas accurately except at very high leticudes. The compass corrections may

be set in msnually 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 effective navigational aid. Its weakness is that the errors

are cumulative and that it must have beca ia operatiot continuously from some known

position. Its advantage is that the equipmen is all on the aircraft and operation is oot

dependent on receiving radio trapsmission over long distances. The method of dead

reckoning is the one method that is slways available. -

3.18  The navigation employed ia the V-1 and V-2 long-range missiles was es-
seatially that of dead reckoning. 1a the case of V-1, the sltitude was automatically i
controlled, the heading was determined by s magnetic corpass which monitored the -
directional gyro of the autopilot, and the distance was messured by an air log. At the
preset distance the bomb was made to dive on the target. Ta the case of V-2, the navi-
gstion occurred during the burning period of the rocket motor. The vertical headiog
was controlfed by an elevation gyro, the azimuth by & radlo beam, and the propulsion
! was cut off when a fixed speed was reached as determined by an Integrating acceler-
ometer.
3.19  The accuracy obuinable by dead-teckoning methods is of the order of from
two 10 five percent of the range from the last knowa position, the exact value depend-
ing not oaly oo the type of messusring instruments and computers but siso on at-
mospheric coaditions. For example, the accuracy of current ais position indicators is
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is the variability and uncertsioty of the wind. This error decreases a5 the speed of th
- .

missile or siccrafl iacresases,

RADIO AND RADAR METHODS

3.20  Prio
e been d“:‘:’o :P;e 'l;.:‘tvro.ducdon of radar techniques, many radio aids to navigation
P o-way radio telephone communication aad the brosd
of meteorological iv ! : inc ist s s canlog
) 8 L.otast..ou are of incalculable assistance 1o pavigators. For regular
sir routes the system of radio beams radiatiog from radio-range beacons ln: the
radio marker bescons ensble asvigation voder conditions of ze10 visibility, This
system has beea highly developed for commercial aie transport ia the Unired Stares,
The beam defines & specific track in space, enabling correction to be made for wind
drift. The information is independent of any transmission from the aircraft snd the
number of airceaft which can receive the informatioa simultsneously is uvalimited.
However, there are techonical difficulties at the radio frequeacies used by the preseat
systém associated with rhe effects of the terrain and of the ionosphere on radio trsas-
mission at those frequencies. The tread is toward the use of higher (requeacies sad
to methods depeadeat oa microwaves 2nd pulse wsnsmission.

5.21 Ia the prersdar period there was extensive developmeat of sircrsft radio
direction finders, and homing devices, and of systems of sirceaft location by direction
finding from ground stations. JInformation so obtsined was used for occasional com-
putation of position as a fix in connection with navigatioa by dead reckoning. The
most bighly developed form of redio direction finder is the automatic radio compass
which gives direct readings of the bearing relative to the axis of the aircraft of aay radio
station to which it is tuned. Indicators are available which combine this indication
with that of a lux-gate magnetic compsss. The sume techaical difficulties are eacouvntes-
ed asforthe radio-range system at the frequeacies commonly used because of the effects
of terrain and ionosphere oo the transmission giviag rise 10 night effects, multiple snd
bent courses, etc. In sny system based on direction finding the errors increase with
the range. Perbaps the most elegant beam system is the modern Germsn “Sonoe”
system which sllows sa observer 10 determine his besaring relative to & land station
with an accurnoy of the order of 1° at ranges up to 1000 or 2000 miles.
3.22 . Radar has developed many new techniques which are described in greater
detsil in the reports of the radar consultants, Radar and Communications. The develop-
meat of microwave radar makes It possible for the navigator to “see” the terrain uader
blind-fiying conditions snd to use the simplest of sll methods, sir pilotage. In X-band
and shorter waveleagths, the resolution is sufficient for identiication of rivers, streams,
bridges, rail lines, and other surface features. In addition, the range of rader vision is
greater than that of the eye, 50 that over the sea, land may be “seen” at ranges of from
30 to 100 miles. When over land, or st sea with the aid of radsr buoys, drift may be
determined and combibed -with an air position {adicator to give a ground position
indication. Aa accurscy of the order of two percent of the distance traveled sioce the
last fix is artsioable. This method of radar nsvigation requires no grouad stations.




3.23  The pulse techniques of radsr have given rise 1o the development of 1 new
techoique of position finding based on measuring distances rather thaa directions to
known points, hence called telemetric. The known points may be marked by radar
beacons which provide sirong identibable artificial echos. When “interrogated” by
recciving a signal from s microwsve transmitter in the aircraft, the beacoa transmita
an echo, and the time interval from pulse emission to receipt of echo is s measure of
the distance. Even & single beacon enables a fix within thé accuracy set by the width
of the radar beam. Much greater precision is obuained by measuring simultsoeously
the distance (rom two bescons, the procedure used in the British “H" system and
Shoran. The traffic cupscity of this type of system is limited.

3.24 Another tclemetric method is the hyperbolic method in which prirs of grouad
stations emit synchronized pulses. The pulses are received in the aircraft and the time
differeace between the arrival of pulses from the member of a pair is measured. This
locstes the sircraft on a hyperbols and two such hyperbolas give a fix. The sircrafe
requires only a receiver and the traffic capacity is ublimited. .

3.28 The range of microwave systerus extends to the optical horizoa ‘or oaly
slightly beyond. For long ranges s relstively low radio frequency must be used. The
hyperbolic system of navigstion opersting at frequencles of two megacycles per second
or lower is known as Loran. The standard system now la use has & renge over water of
700 nautical miles by dsy and 1400 miles by night with errors of from 0.1 to 10 miles
depending on the geometry of the lines of position. A system under developmeot is
expected to have s range of 1200 miles by day and 2000 by aight with errors of from
one to two miles at 1000 miles, Laboratory techniques of pulse comparison indicate
the possibility of improviog the accurscy by aa order of magnitudes.

3.26  The process of hyperbolic navigation may be.compared with that of celestial
navigation. The determinatiun of lines of position is essentfally similar 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 pers-
mits precomputation. Charts may be prepared in advance for pairs of ststions and
the results are permsnently useful so loog as the stations are msintained because the
lines of equal time difference are fixed with respect to the surface of the earth.

3.27  There is no technical obstacle to & complete mechsnization of the receiver
so that the output is either in the foram of dixl counters giving Loran coordinates or a
plotting board which will plot the position continuously on 8 Lorso chart. It is then
8 short step to connect the output to the rudder so that a predetermined track may be
followed sutomstically.

3.28  Since hyperbolic navigation requires only & receiver on the sircraft or missile,
and the traffic capacity is ualimited, I is the most promising system for the control of
large numbers of long-range ground-to-ground pllotless aiccraft. As now visuslized,
specisl ground stations would be sdjusted so that the hyperbolic line of position corre- -
sponding to s fixed time difference for which the missile receivers are set passes
through the target, Aircesft could be launched from many points in & large ares; sll
following & preset course uatll they iatercepted the line of position through the target,
They would then change course and follow the line of position to the target. The ald-
tude would be controlled independently and the dive to the ground would be initiated




by reaching the sppropriste position li
position line of a second pair of i i
'of m;:l: could be operated withour close coordinn’:o: b:::::d ﬂwﬂ;l- oup ¥
' sunciring crews; their operations would be practically hd'eyudcz‘:.n"o grovp ted

{
MAGNETIC METHODS .

3.29  The use of the compass for determinin i ’

well .Imown. 'f has heen repeatedly suggested t:l:":;fl'i‘::n:l.::s:?::u:":“:hh
earth’s magnetic field may yield another method of navigation. Thus, in theo :nen :
urements of the magnetic dip and of magoetic feld strength give tw; uumbcz‘whi:l;
could. serve as coordinates of position to be related to otdinary geographic coordinates
by sunl'ble surveys. The principal weakaess of the method is that s recent survey over
l!\c territory to be traversed is necessitated by the secular variation of magnetic proper-
ties. ln.nddition. the accuracy would be severely limited by diurnal variations and
magnetic storms as well as by the lack of suitable airborne instruments. The method
may be worthy of some further study. .

3.30  Itis probable that no single method will answer all of the navigadon prob-
fems of piloted and pilotless sircrafe However, there are available scientific methods
snd techniques in rich variety which make possible continuous knowledge of posidon
independent of adverse meteorological conditions.

RECOGNITION OF THE TARGET

L 3.31  As the aircraft or missile approaches the general vicinity of the target, the

bombardier, gunner, operator, or the mechanism of the pilotless missile (if of the
target-seeking type) must find sad recognize the target preparatory to the attack.
Most of the methods useful for reconnaissance sre slso useful for recognition with
the exception of photography which uakes too much time.

3.32  In the case of large and exteaded targets such as cities, factories, or other
major installations above ground, wheo the visibility is adequate, there is no difficulty.
The eye may be aided by a suitable telescope, and the mind may be assisted by suitable
aerial photographs and maps. The photograpbs, maps, ot sketches may be constructed
in relief 10 show the appearance when approached at the normal approach altitude and
thus facilitate recognitdon. ' .

3.33  Photographs of radar indicator scopes obtained on reconnaissance missioas
may be used in the same manner as acrial photographs as an aid to recognition.

3.34  Skilled operstors have no difficulty in recognizing many types of targets
directly on the radar indicator. Cities, bridges, piers, ships, islends, beaches at the
coast line, and aircraft can all be recognized without diffculty. Special techniques ase
available for detecting moving targets which are especisily useful for aircraft detection
but which are also applicable to ground targets under some conditions.

5.33 If sgeats are availahle in the enemy territory, they may mark targets otherwise
invisible by portable radar beacons or, in special cases, such marking bescons may be

dropped from the air.

4




3.36 Radar methods may be used to follow the aircraft or missile from ground
control stations and to direct the pilot or actually remotely control the aircraft to o
target whose map location is knowa by previous reconarissance.

3.37 The reconnsissance methods using heat detectors, detectors of special types
of radiation from radioactive materials, magnetic messurements, or acoustic radjo-
sondes dropped on the ground may fiad application in recognition of special targers,
These methods as well as radar are applicable to the homing control of missiles. 1n
fact any target 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 io the case of pilotless sircraft, the operation of recognition and
coantrol may be carricd nut at a reote point by the aid of radio repeat-back of infor-

mation from a television camera or s radar search set.
See further reports of the Scientific Advisory Group:
Guided Missiles and Pilotless Aircraft
Gridance and Homing of Missiles and Pilotless Aircraft

Radar and Communications
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HIT TARGETS ACCUIA'I"II.Y

4.1 The degree of accuracy required for successful strategic

the most d.iscus'sed topics of aerial warfare.: Visual bombsigiu E:Teb':zi:n:;ef::
?o-c-:lled pin-point tombing. However, war experiences show that this type of bomb-
ing is lf:p'l(‘lb'e only to a limited extent, because of weather and enemy interference

Hence, in most cases pin-point bombing has to be replaced by ar.u-bomblnl. l.c.-
by bombing with an accuracy obtainable by radar blind aiming. by dropping the bomhs‘

. simultaneously from a large formation, or by missiles equipped with automatic

pilot. In lh‘e .fulure. bombing in large formations will probably be prevented by im.
;?m\-ed antisircraft 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 is dependent on the aerodynamic perform.
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
atlow speeds has been well developed, but further research is needed in the transonic
region. A considerable loss in accuracy of bombing from high altitude, originslly
attributed to the effect of high speed on the aerodynamic characteristics, was finally
traced to structural failure of the fins. However, there is some evidence of an adverse
effect of high speed on subility for certain types of bombs.

4.3  Bombers require bombsights in order to hit the target. In general, it can be
said that the faster an sirplane travels the less accurately it can drop its bombs. If
bombers are actually going 1o By at speeds sround 1000 mph it cannot be said with
certainty that present bombing precision can be improved upon or even maintsined
in spite of ever increasing complexity of the bombsights. Errors in the release mech.
anism and ballistic trajectories become important at high speeds. The teaction time of
the bombardier will have a significant effect on precision.

4.4  Any self-contained bombsight has two pars, the sighting mesns 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 bomber flies, the farther ahead the sighting means must see;
above 400 or 500 mph only radar can see far enough and there is no sense in trying to
develop optical bombsights for sach sircraft.

4.6  But & fundamenial difficulty with radar is that in ordat for it to see far snd

" also clearly, its antenna must be wide; this Is a tendency in flat contradiction to acro-

dynamical trends for high-speed sircraft,

4.7  Thedesign of bombsight computers sims not only st sccuracy but at decressing
the time required for manipulstion sfter the warget is recognized. This has s profound
eflect on what is required of the associsted radar since the more time requiced to

4




i P E ek gy ey

-4

s

adjust the computer the father away the target has to be recogaized, and there is o
practical limit to this. The recent war has seen the beginniag of the developmeot of
computers suitable for use in dive and glide bombing as well as for offser bombing,
i.e., sighting at some more easily recognizable point whose position celative to the
targetis known. These developments gise greater freedom of flight path to the bomber.
4.8 Pilotlcss bombers whose range is limited to luss than spproximately 100 miles
inay be entirely directed by means of precision ground-based devices employing radar
principles. Extensions of the Shoran equipment to autonaatically control such sircnaf
can be perfecied.
4.9  Forlonger ranges. studics should be made of the use of sirborne relay srations
such as airplancs, rotary-wiag aircraft, or missiles, and of combinations of ground.
based directors with s homing device in the vehicle. Jn 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, whereupon the homing device
may take over control. '
4.10  Studies of the optimum locations of Loran stations for this purpose should
be undertaken; the possibility of mounting such stations oa submarines should be
explored. The possibility of luag-range guiding by automatic celestisl navigation
should also be investigated.

4.11  The homing devices used may react to aay radiation emitted from the target
or may, radar-like, themselves illuminate it. Radio waves, thermal radiation, Jight, and
certain of the high-energy radistions from nuclear reactions may be considered as .
practical for homing purposes; if the device homes on radistion emitted from the
target, then to 8 certain extent it can automatically recognize the target. Thus, a device
made to home only on gamma rays would only home on unshielded stomic power
plants, whereas one made to home on radio waves would neglect stomic power plants
in favor of radio transmitters. This advantage is not so favorable as it souads however,
since the possibility of erecting decoy 1argets always exists, even for stomic eaergy
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 sirborne devices are not regarded as offering good prospects
for guiding pilotless sircraft. It is 10 be doubted whether devices sensitive to sound
will be of any use either.

4.14 © Means for guiding missiles may be ground-based or sir-bascd regardless
of whether the missile itself is launched from ground or sit. The particular tactical
need will determine which of the four possible combinations should be used. It msy
pro:;-upon further study that the gniding and Isunching means should be similsrly
bas .

4.13  The most difficult problem in 1sunching missiles from the air is to launch
them in the proper direction, if the target is nearby, sv that they will require s minimum
time of flight. The proposed defease of very heavy niscraft by this means may prove
particularly dificult for this resson. ~
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4.16  While use is made of all avsilable aerod i i i
';:lotleu bombers, f:pechlly in the field of tnns{):.i::n :;:':::::'::‘:ﬂ.::::::l: o
;,::;ﬁ:ed"";:? special problems introduced by the use of homiag devices which m::
pe ol hl 'lgh accuracy is to be arained. For greatest accuracy the missile should
ook in the du'emon of travel of its center of gravity except as corrections for wind
;nd' target motion are introduced by a course computer. Ao aircrak of conventional
€sign operates st a variable angle of atack dependent on load and speed, and bore-
sight errors would arise 83 discussed by Dr. H. L. Dryden in “*Present Stne. o.f the Guld.
ed Missile Art,” Part | of the SAG report Guided Miisiles and Pilotless Aircraft.

4.'1 7 Perhaps the major problem in the design of a pilotless bomber is the coordin-
ation ?f a!l clements (0 give stable operation without excessive hunting, i.e., systems
coordination. The lag characteristics of the intelligence device and of the autopilot
and.a'uocialed servomechanisms are perhaps the most important factors, but the
stability aod accuracy are dependent on many other factors including the aerodynamic
characterisics of the missile. ‘ A

4.18 In »ddition to bombs released from manned sirplanes or carried by guided
pilotiess bombers, gucs and rcckers piay an important role in serisl warfare. Rockets,
stabilized either by tail fins like a bomb or by spin like a shel), are one of the important
new developments of the present war. Comparatively large missiles may be fired with
no recoil on the airplane from very simple launching devices. Their accuracy has been
continually improved with better knowledge of the aerodynamics of rockets and with
the development of rocket-sighting devices. Their eflectiveness by the spplicatioa of

proximity fuses has greatly incressed.

4.19  The development of fire-control equipment has had little difficulty in keeping
shead of the development of guns. The range, accuracy, and rate of fire of the guns are
not at all of 2 magnitude commensurate with the needs of sircraft traveling at super-
sonic speeds. Problems which must receive increased attention are the adaptation of
guns and aircraft 5o that neither the aerodynamic performaance of the sirceaft nor the
effectiveuess of the gun is imparied. One typical engineering problem is the elimina-
tion of vibration which impairs the accuracy. It will do very little good to make
superior gunsights if the guns are not siso improved.

4.20  Many of the present computers for antisircraft fire are based on the assump-
tion that the two sircraft are traveling in straight lines. This assumption does not give
sufficient accuracy. A fundamental study should be made of the types of paths usually
followed by aircraft in combat and gunsights should be redesigned on the basis of

the results of the study.

4.21 As the speed of sirplanes increases to the supersonic range, & further limit on
accuracy is imposed by the unalterable reaction time of the buman operator. In prin-
ciple, this difficulty can be overcome by making machines which are more and more
sutoroatic, Some progress had been made in this direction in the experimeatal radar-
controlled guns which could be locked on any desired serial target and thereafrer
would sutomatically keep the guns pointed at it. If such devices can be developed of
sufiiciently Jow weight, the man would be called upon only {or the will to fght, a trais
which so far has not beea built into any automatic device.



s

4.22 It is cerain that instruments of control will become more complicated in
3 structure as they are required 10 perform morse and more functions formerly carried
' out by men. The problem of insirumiental reliability and satisfactory operarion then

- becomes urgen.
¢ 4.23 Reliability can only be assured by s continuing program of deselopment not
only of the instruments themselves but afso, and equally imporcane, of the compuncae
parnts of which they are made, Such development of improved components mey not he
adequately supported by the ordinary economic forces of peacetime competition and
heavy financis) support by the Air Forces may be necessary.
4.24 Satisfactory operation can only be assured by careful selection and training
of personnel and abave ali by careful desigring of instruments in accordance with the
psycholougical and physiological needs of the men who are supposcd 1o operate them.
A special siaff of persons trzined both in engineering and psychology may be needed
tu carry out this kind of development. It would be the prime purpose of this group to
insure that the design of aircraft, of the offeasive srmament, and of the instruments
mcant to control them are courdinated so that one integrated fighting machine comes
out. The present tendency 10 design an airplane and then hang on guns, rockers, by

bombs, radsr, and sighting devices as a multitude of acgcessories must cease,

A
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ABILITY TO CAUSE DESTRUCTION

1 .Th"‘ war which just ended was the first one in which areial bom;iu layed
;,(:':,:::,‘; I;r;l(:u:':;:r:?v::;e;;n:;:t o:' v':'orlt ;-‘u put into the development of'b’:)mybl-
tvwults of bombing and the eﬂ'eni\es T e P e b knowledge of the
' ' ness of bombs was obtained by systematic obser-
vation and analysis. A new branch of terminal ballistics developed. dealing with the
eﬂecf of hombs on their targets. Since the heat released by our present molecular ex-
plosives is near the possibie upper limit, great attention was paid to the most efficient
use of the limited amount of energy. Then with the appearance of the atomic bomb,
the destructive power of ane bomb was made equal 1o the effect of 20,000 tons of
explosive. The quustion arises, should the eflorts for further improvement in construc-
tion and use of conventional bombs be continued, or should the whole material avail-
able be worked up for the archives and further study be concentrated on the stomic
rhase of the problem. '
5.2 It is true that after the discovery of the gun, archery graduslly became a sport
instcad of 4 military art. This process of substitution was slow; however, analogous
processes in our age may become very rapid. Hence, we might argue that atomic
hombs are the future means of destruction and we may forget about conventional
bombs. The arguments against this theory are the following:
ombs may be limited, so that their use will
(2) In many casesof future warfare we shall
(3) Economic and political reasons

(1) Production facilities of atomic b
be restricted to the most important actions.
not be nilling 10 use means of utter destruction.
may suggest the use of conventional explosives as an aiternative to atomic explosives.
of nuclear processes involved io the functioning of the
present atomic bomb do not permit making them of considerably smaller power
(han those which have been used against Japan. The answer to the question whether
the deselopment of conventional bombs should be continued depends to a great extent
on whether the developments of nuclear science will produce a variety of bombs in 8
range of sices, adaptable to various missions. The gap between the effect of the largest
consentional and the present atomic bomb is immense. Warfare is directed primarily
to securing the safety of our nation and not to the indiscriminate destruction of others.
Mence, it appears that the most reasonable channel for development of aiomic weapons
is to investigate the possibility of smaller capacities. No one can tell today whether
and to what extent this is possible. Since there is no guarantee that atomic bombs
can be substituted completeiy for conventional bombs, the work oo development and
improsement of conventional weapoos must be continued.

5.4 * 1 helicve the Air Forces should concentrate its effort upon: (1) getting full in-
formation about the dastructive power of the present atomic bombs; (2) studying the
possibilities of the adapration of atomic bombs to various missions which proved to
be effcctive against the war potential of the enemy in the last war; (3) studying the

5.3 Fundamental features
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possibilitics of developing smaller size nuclear bombs perhaps by using buclear reac.
tions other than fission; and (4) making comparative studies of efficiency aed costs of
past methods of sirategic bombing and future methods using pilotless bombers loaded
with cither atomic or conventional explosives.

5.3 Special study should be made of the problem of destruction of underground
establishments. In the last war submarine berths were attacked with bombs, but wich
praciically no success. It must be anticipated that a considerable portion of the key
indusiries of possiblc enemies will be located underground in order to escape hom-
bardinent. Probably attack on communications leading 1o the underground factories
and depots gives the best possibility of successful neutralization of such underground

csiablishments,

$.6  The destruction of air targets, i.e., aircraft and missiles, has received compara.
tively littde 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 df the damage from blast and fragmentation at dist

ances within the range of proximity fuses. In this spplication of fragmentation as a
means of destruction, considerable progress has already been made by the application
of scicntific principles to develop controlled fragmentation, controlled both as to
size and general direction of travel of the fragments. The theory of blast is now well
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, will
destroy an aircrait one to two miles away. The efficient design of warheads for air to
air missilcs and ground 1o air missiles is dependent on accurate information on the
destructive effects of both ordinary and atomic explosives when used either for blast

or for hurling fragments.

8.7  The desiruction of ships offers many new problems in terminal ballistics.
The penetration of the armor of battleships and other mea-of-war is essentially the
same problem as penetration of the armor of tanks. A scientific curiosity of the first
decades of this century, the so-called Munroe effect, has been applied in this last war
to the devclopment of hollow or shaped charges which have remarkable powers of
penctration. Ships are more easily destroyed by underwater explosions.

$.A  “Terminal Ballistics and Destructive Effects,” by Dr. N. M. Newmark (Pan
W1 of Explosives and Terminal Ballistics) describes the present staie of knowledge of
destructive effects of explocdives. This report also contributes suggestions for complet-
ing our information on the subject. 1t is believed that such a program should be carried
out because (1) in a transition period such information is certainly needed, and (2)
the final piciure concerning the relation between the atomic and the conventional
explosive is yet unceruin.

5.9 The following conclusions regarding the selection of conventional weapons
for auack of various ground taigets appear to be generally accepted: :

a. The most effective high explosive bomb for attack of light industrial buildings
is 2 GP bomb fused to burst between the roof and the Roor. Greater damage is pro-
duced 10 the building and to its contents with this fusing than with instantancous
fusings, or with cratering bombs.
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b. Against heavy industrisl buildio
. gs and heavy machinery, | i
bombs or Penctrating bombs are required to produce severe d.m?.e.“se crienoe

¢ Against rclatively combustible constructi i i i
) _ oa, either resideatial or industri
incendiary bombs were several times as eflcctive, weight for weight, as l:y :::h::l;:
of bomb, except possibly air burst of very large blast bombs.

,ub,:;,i::n;:'.-,:,‘:mdb: bhs; bo.::bs.‘ and :,ncendiury bombs had virtually no effect oo

) nd heavy fortificarions. trating b
bombs are fequired. enetrating bombs or large general purpose

e Against brick wall-bearing construction and against light wood-frame con-
struction, blast bomhs are most effective, and air burst at the proper height produces
more damage than ground burst or cratering bombs.

S.IIO Improvements needed in present conveational weapons depend on the
svailability in quaotity and size of stomic bombs. Since it must be assumed, in the
immediate future at least, that oanly a relatively small quantity of present-type atomic
bombs will be available, conventional bombs must be capable of being used effectively
against all possible types of targets. :

5.11 The following requirements seem to be most urgently needed: )

a. Bombs designed specifically for the attack of massive underground installa-
tions including shaped-charge bombs, rocket.assisted bombs, and follow-through
bombs. Possibly the required improvement in penetration performaance can be ob-
tained by developing bomb cases of increased streagth.

b. Development of large blast bombs with extremely light cases, to be used with
proximity fuses for air burst, as a weapon against 12egets vulnerable to blast.

¢. Development of fragmentation bombs with more adequately controlled

fragmentation.

d. Development of fuses with more accurate control of timing, to permit bombs
to burst after penetrating the roof of a building and before striking the floor or pene-
trating the earth beneath. (See SAG report Explosives and Terminal Ballistics.)
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FUNCTION INDEPENTLY OF WEATHER
AND DARKNESS
6.1 The goaf of the Air Forces is an all-weather air force, i.c., complete independ-

;nr'e of. weather, both for Aying and carrying out offensive and defeasive missions

lrmg mfh:pendemly of wearher includeg take-off, landiag, and teaffic operations
‘"nho‘ut visibility, uavigation without contact and minimum influence of thepweuhcr
situation and \?/ind on the flight path snd flying time. The main requirement for carry-
ing out offensive missions in any weather is the replacemeat of visuzl bombing and
visual fire control by radar methods. The same methods and equipment which are
needed to carry out flight bombing and combat operations in cloudy weather serve the
same purposes on dark aights. '

BLIND LANDING

6.2 There are two aspects to the problem of blind landing, the actus! blind landing
or blind approach of a single sircraft, and the problem of traffic control in the neigh-
borhood of a landing area, which is ip many ways more difficult than traffic control
along cross-country aicways. The first problem mentioned bas been attacked from two
differcnt directions, represented by the glide-path-localizer system, and the more
recent GCA (ground-controlled-approach) sysiem. 1o the glide-path-localizer system
a direction of approach, and a glide path, are defined in space by fixed radi»> beams.
Through a suitable receiver and indicator the pilot is apprised automaticslly of his
position relative to this path. ln the GCA system the position of the aircraft is deter-
mined by a precision radar set 0o the ground and instructions sre given to the piloe
over any available communication channel. Each system has its advantages and dis-
advantages and Loth are certsinly susceptible to technical improvement. The rader
method is inhercntly flexible, and it requites no special equipment in the aircraft;
however, its traffic handling capacity is now rather restricted snd it does require fairly
elabarate ground equipment and s highly trained crew. We cannot regard either
method as a universal solution of the problem. There may be in fact several future
systems, or combinations of systems for differeat types of sirports, ranging from per-
manent commercial air bases to temporary landing strips at advanced military bases.
What is needed, in addition to technical improvements, is extensive experienace and a
comprehensive program of trisls simed at an integrated combination of all usefi] aids.

TRAFFIC CONTROL

6.3  Traffic control near sn airheld is peculiarly difficult because of the congestion
which exists at such a focal point and the necessity of orderly approach to the landing
path. Microwave search radar, on the ground, is a powerful aid snd is aa essential
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sdjunctof the GCA system. It /loes nout, however, solve all the critical problems, which
include communication and idcentification. It ought 10 be possible for a ground coe-
teoller not only to know the positioo and altitude of any aircralt in the viciaity, but to
tatk directly to any sclected one. This requires a muliiplicity of channels, snd a degree
of Nlexibility and reliability not approached by any existing communication equipment.
However, the voice communication techniques available st microwave frequeacies
are vcry promising snd should be exploited. Incidentslly sthe heavy investment in
exicting types of cquipment is exerting s retarding influence on this development,
which we considcr extremely important for the future Air Forces.

6.4 Going ¢ven further, one can envisage means by which some of the information
availahle on the ground could be relayed to each pilot in the vicinity, aimost com.
pletely breaking down the barriers of overcast and darkness.

INSTRUMENT FLYING

6.5 Navigation without contactinvolves, first, instrument flying, that is, coatrolling
the aircralt in 8 condition of reasonably steady flight on & given course, snd second,
dctermining as frequcatly as necessary the position of the aircraft in ground coordin.
ates. We have to consider also obsracle detection or collision prevention.

6.6  Automastic pilots have been in use since about 1933, 1a the present form ooe or
more gyroscopes are used to detect routions of the sircrak, she resulting relative
motion is transiated into a signa! which is amplified aad operates the controls. Means
are provided to make various adjustmenis of seasitivity and to prevent self-oscillation.
The automatic pilot must be adjusted to the particular type of sircraft and the best ad-
justment oflten depends nn the roaghnzss of the air. Automatic pilots for pilotless sir-
craft must be designed 1o vperate without the necessity of maaual adjustments ia the
air.

6.7  Insirumeot flyiug in all weather conditions requires 8 solution of the icog
problem vhich is still 2 grea: obstacle 10 continuous operatioa of pilotess as well s«
piloted sircrafe,

6.8 Anaircraft fying blind can keep track of its position by the sort of aided dead
teckoning provided by the ground-positica.indicator for some time after a fix in
ground coordiastes has been ohuined. Even with further improvements ia instrumen-
tstion there will remaia the inherent limitation due to lack of precise knowledge of the
wind. Airborne radar of reasonably high resolution permits, over fand at least, coatact
flying or direct radar pilotage, which may be used on occasion as the sole means of
navigation or may more usually serve to establish frequent fixes for an sutomatic dead-
reckoning instrument. Not all sircraft will be able 10 afford the space for this facility,
and, since the radar picrure must be interpreted by s human observer, pilotless sircraft
would be required to relay such & picture back to the controiting base.

6.9 A very important means of blind navigatioa is provided by the long raoge
hyperbolic system, Loraa, which has come into wide use, A denniled discussion of the
future possibilitics of this and related systems is included in the repon of the coasul-
tants oo radar. (See the SAG report Radar and Commanications.) We sboald call

-l‘ﬂ—.-.

* N e

M Y M e e o o o o -

¢ W e ot e sm e o e



particular attention to the possibllity of increasing the sccuracy of such systems at

very long range, which has aa im idi i
vory long | bemond the ey 20 portant bearing on the problem of guiding pilodess

OBSTACLE DETECTION “

6.10. Military operations require the simultaneous operation of large numbers
o'f aircraflt under blind conditions. The problem arises of avoiding collission. Any
n‘ut?on:\e n'dar with 360° view is capable of performing this fuaction within the
!lml(lllon! imposed by its minimum range and resolving power. The minimum range
is fundamentally limited by the pulse length; it is about 123 feet for a 1-microsecond
pulse. Hence, while the airborne radar search set suffices to warn of the approach of
other aircraft, it cannot be used to guide formation flying in bliad conditions la the
tight formations employed in clear westher. However, there seems to be no good
reason for close formations in bad weather.

6.11 It would be possible to devise systems smaller and less elaborate than a com-
plete search radar to perform solely the function of warning of obstacles. Whether
these would be worth while in themselves depends on the type of formation flying,
and the type of sircraft, which develop in the future.

WEATHER

6.12  Long range flights in general will be carried out at zltitudes “over the wes-
ther” thus avoiding most disturbances caused by the weather situation. For this purpose
itis generally sufficient to fly a1 40,000 feet altitude st moderate latitude and at 50,000
fect aliitude in the equatorial zone. Altitude flying involves certain equipment, especisl-
ly supercharged engines and supercharged csbins. Problems occuring at high sltitudes
in gas iurbine and jet engine operation have to be solved. Furthermore, problems of
acromedicine related to high altitude flying have to be pursued. (Cf. 7.11 o0 7.13.)
The influence of wind will be sutomatically minimized by the high speed of future
aircraft,

6.13  The age of the “All-Weather Air Force” is drawing nearer. However, it will
never be possible 10 ignore the forces of weather. The key to sll-weather fying lies
in knowing what the weather will be, understanding its dangers, and circumventing
them. Circumvention can be achieved through the development of special equipment
(radar, new electionic sids. television) and through carefu! selection of flight paths.
Use of equipment, choice of procedures, and determinstion of flight paths must he
based on the weather forecast. The weather forecast is vital also 1o ground force
operations. Fire control necessitates corrections for atmospheric conditions, chemical
warfare cannot be conducted with precition when a westher forecast is lacking, soil
wrafficability is & function of the weather, and tactics snd planning demand an evalua.
tion of what future westher will be. No military operstion is wholly freed from the
weather; many are bound closely to it

6.14  Wartime resgarches led to marked advances iﬁ upper tir analysis, weather
foiccasting, westher observation, and the applicetion of weather Information to mili-
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tiry problems. Perticularly noteworthy progress was made in upper sir resesrches.
Unprecedented quantities of upper sir observations from alf over the world provided
the fundamental data. Researches led to the formulation of new methods of upper air
analysis and to the extension and dev elopmem of fundamentsl theories concerning the
dynamics and structure of the upper air. Major advances were also made in long-range
forecasting. Several long-range forecasting methods were developed and submitted
to rigorous trial, using specially devised mathematical techaiques 10 test their validity.
The best methods were then utilized 10 prepare weather advice for pending military
operations. The development of new scientific devices, for example, radar, made
possible the development of new and.improved instruments which extended the range
and accuracy of metcurological measurements. lo tura, the effective use of radar re-
quired additional meteorological studies.

6.1 Future research must be direcred towards ilnprovmg weather forecastiag,
obuaining vial knowledge concerning the upper atmosphere and ionosphere, and
schieving all-westher flight. The theories snd data obtained during the war must be
carefully checked and sifted 1o develop new forecast toots. The advent of new weapons,
such as the atomic bomb, guided missiles, robot planes, and very high ceiling sircrak
makes it necessary 10 obtain observationsal data for the upper atmosphere and iono-
sphere and to 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, tecrestrial magnetism, ionization, sad special
radiation eflects become important in the high atmosphere. Io the achievernent of all.

.weather flight, the weather obstacles to be overcome ip flight must be described and

measured id detail if equipment and procedures to overcome the weather are to be
successfully devised. The atmosphere is of ever-increasing importance as the medium
through which the instruments of war are lsunched. Meteorology, the science of the
atmosphere, is of ever-increasing imponance to the military. To keep abreast of
modern military developments, resesrch in meteorology must be vigorously pursued.

6.16  The conditioning of weather over large territories has not been seriously
considered in the past; however, the progress of meteorological science and the possi-
bility of introducing ian the sir large amounts of energy by nuclear mechods, 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 stomic sources. The general problem coasists essentially of three part: (1)
exact knowledge of the weather parameters in the domain la which we want to produce
changes, including both iastaataneous values and their tendency of variation; (2)
methods of computing the future weather, as dependent on the presence or absence of
available control messures; and (3) means of applying the controls, such as adding
energy io cerain regions, modifying the reflection coefficient of cerain areas, etc
It seems possible, with the aid of electronic computers, to producc 2 mode! of s certzin
region of the earth’s surface and the existing weather situation, ‘which can be used oot
oaly for fast weather predictioa, but also for direct rapid expesrimentation, on « model
scale, with variovs ccotrol metbods.

See the SAG report Weather, by 1. P. Krick.
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DEFEATY ENEMY INTERFERENCE

7.1 The fight for air superiority includes the aanihilation of all the means the

enemy has to 1ake the air and the neutralization of his ground defenses. Hence, strategic
l».umh.‘ng and the fight for aje superiority are intimately interwosen; bombing mis-
stons promore 3ir superiority, and the gain of air superiority incresses the effective-
ness of hombing missions. However, the possibility has to be envisaged that concen-
trated battles of air power against air power will be fought for control of the air, as
battles were fought for superiority on laad and on ses. Then, of course, superior
expericnce, superior skill, and superior equipment will decide the outcome.

ARMAMENT VS, SPEED

7.2 Itis possible to develop large battleships of the air which would depend for
protection on powerful, defensive armament including target-seeking missiles. It
must be k=)t in mind, however. that they will be opposed by fghter airplanes with
superior speed and maneuversbility, of both the piloted and remotely-controlled
variety. This suggests that s more effective method of defecse against such attacks witl
be obtained by increasing the speed, the criling, and the maneus erability of the bomber
to avoid the inevitable decrease in performance ioberent in reliance on complex 2nd
necessarily heavy defensive armament. The problems are somewhat similsr to those
encountered in the past in building up sea power, and the future strategists of the sir
will have to decide oa the relative merits of the different schools of thought which will
probably develop.

*.3  As far a3 the technical problems are concerned, speed, maneusverability, rate
of climb, and altitude, appear as the main requiremeants. Improvements in spved and
rate of climb are determined by improvements in aerodynamics, propulsion, and light-
weight construction. One particular dificulty with jet-propelled airplanes occurs
when fast climbing from the ground is required. Although the rate of climb is excel-
lent, the total time of reaching a certain altitude is haadicapped by the fact that the best
speed of climbing is relatively high, near the maximum speed. Consequently, consider-
able time is needed fur acceleration of the plane near the ground. Probably means of
assisted take-off will be needed to reduce the time of acceleration.

7.4 Present jet-propelled, fast airplanes lack. in some respects, the maneuverability
of earlier Aighter airplanes. This is a natura) consequence of higher flying speeds, but
steps must be taken to counteract it insofar ss possible, in order to produce inter-
ceptors capable of pursuing successfully the fastest and most maoeuverable enemy
bombers. This requires the maintenance of lift to as large angles of attack as possible,
without stalling, particularly at high Mach aumbers, and the use of as low wing load-
ings as are consistent with the requirements of high specd snd cange. In piloted sir-
craft this problem slso involves the blackout limlt of the pilot, which must be maia-




tained a3 high a3 possible by use of pressure suits and other sero-medics! techaiques,
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 equal or higher altitudes
than the enemy. Rocket-driven airplanes are especially suitable for extreme altitudes,
because their propulsion is independent of atmospheric air, although their flight dura-
tion is inherently limited. Hence, it will be necessary 1o use every possible means to
adapt other types of jet propulsion to high sltitudes. Improvements in combustion
and improvements in compressor design are the main requirements, especially the
elimiuation of difficulties which are eacountered in compressor efficiency when super-

sonic low occurs in the machine

HUMAN LIMITATIONS AND CAPABILITIES

7.6  The human elemeont, both on the ground and in flight, is of psramount im-
portance in glabal operstious directed toward attaining sir supremacy. The study of
this element is the concern of avistion medicine which includes: (1) the intial selection
of personnel on the basis of those buman qualities which make for efficient combat
sirmen with emphasis on vision, hearing, reaction time, neuropsychistric normality,
cardio-respiratory efficiency, physical prowess and psychologic adaptability; (2) the
training of sircrews in the technique which will enable them to perform efficiently,
independently of westher and darkness. under the unusual stresses produced by high
speed, high sltitude, grest maneuverability, rapid changes in baromerric pressure with
changing altitude, and instcumeat fAlight 2cd contact with the enemy; (3) the effect of
flight on the human organism; (4) the maintenance of health, efliciency, and safety of
fiving personael under sll environmental conditions; and (3) & detailed consideration
of human requirements and limitation< in the design of aircrafi, so that the sirman-
sircraft complex will be made into an efficient ighting element.

7.7  Inasmuch as human toleraace does not change, the steadily progressive in-
crease in speed, ceiling, and potential maneuverability of sircraft has resulted in a
progressively smaller margin betweea psycho-physiological requirements and human

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

portance in the operation of the aitcraft. Hence, it is essential 10 determine under all
conditions of flight the human tolerance as given by nature and the limits which can be
attained as the result of selection, training, and the use of special protective devices,
such 83 2 G-suit, in order to utilize fully new sircraftin combat operations. Of nccussity,
the performance of preseat and future aircraft will be based in part on humsn limit.
tions and capsabilities.

7.8 Aag sdditional human factor is that once 1n sircraft Is damaged and must be
sbandoned, the aeronsutical engineer’s problem is over but the problem of survivsl of
the crew, wherever they may bappea to be in the world, is just beginaing.

7.9  High-speed flight and maneuverability result in certnin hazards and stresses
on the fiyer. At the comparadvely slow speed of 600 mph, 880 ft are traversed every
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second. Between the time the pilot receives a0 impulse 10 act s0d action by the pilot
0.2 sec elapses for simple reactions and he has traveled 176 ft without soything ha
pening. For discriminstive reactions the reaction time may be 0.4 sec or more. The::
tim es.require that the controls be immedistely at hand aad that the fiyer be alert. If the
situation requires a change in the course of the sirplsne, siming and firing & gun or
carrying out other mechanical wsks, the towl time lag increases (reaction time and
mechanical lag). To keep this reactionless period at a minimum requires that pilots
be selected who have the shortest possible reaction time. When two sircraft are ap-
p‘roaching head on at a speed of 2000 mph there will be ag extremely short interval of
time from the instant whea the crews of the two aircraft fest see the other sircraft

‘"j"' the airceafs ¢ | 2uile g Obviou.!; radas aids are essen:ial. Danger of collision
will be 8 real possibiliry.

7.10 When flying at very high speed quick turns with resultant high acceleration
of short duration may be & method of eluding guided missiles. Therefore, studies to
determine the efects of comparatively high scceleration of from 1 1o 8 sec duration on
flying persoonnel is of vital importance. Also the effects of exposure to negative acceles.
stion immediately afier exposure to positive acceleratioa aad vice versa should be care-
fully investigated. The effect on acceleration tolerance of such factors as anoxis, cold,
heat, febrile and posi-febrile state and intake of food and fluids is virtually unknown.
All acceleration suits should be incorporated into the flying suit. Determination of the
maximum accelerstion that csa be tolerated when the pilot is in the prone position
(approximately 10-12 g from the chest to the back) and still allow manipulstion of the
coatrols will allow the aeronautical engineer to design such aircraft (o withstand
higher acceleration than ever designed before. However, the tolerance of a man in the
prone position to accelerstion from the head to feet on take-off and feet to head on
landing is knowa to be quite low.

7.11 Flight at high altitudes requires the use of oxygen by the crew. The oxygen
equipment, now used by the Army Air Forces, gives flyers complete protection aguinst
anoxiz up to altirudes of 37,000 ft. For continued flying efficiency above 37,000 ft,
some form of added pressure must be used to protect the fiyer. Pressure breathing (6-
in. water pressure) can increase the ceiling 2,000-3,000 fi. Pressure breathing used
in connection with counterpressure poeumatic clothing can give protection for a few
minutes as high as 60,000 ft. Pressure suits and pressure cabins, however, give the only
complete protection at extreme altitude.

7.12  Aeroembolism (or bends) is a serious human limitation in high altitude Bight
and becomes increasingly significsat above 30,000 ft For one hour’s exposure at
35,000 ft, one persoa in ten would be incapscitsted; one in four at 40,000 fe. Very few
individusals can stay more thap 20 min above 40,000 ft without suffering from aero-
embolism. Prebreatbing of oxygea for from 1/2 to 1 hr before flight can delay very
considerably the onset of seroembolism. On the other hand, exercise at altitude
increases the danger of its oaset.

7.13  Of the mechanicsl eflects of altitude, the most setlous is the rapid expansion
of body gases, especizlly sbove 30,000 fi, which, if they exist, can cause paiaful ab-
dominal discomfort. Extreme rates of decompression are well tolersted but compres-
sion rates above 1 psi/min sre iacressingly dificult to withstand except for specially

trained and selected personnel.
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7.14 Al sircraft designed for extreme high-sltitude flights (tea 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 10 be extremely cumbersome and awkward.

7.15  Experiments on human subjects have showa that the humaa body caa tolerace

s relative expansion of internal gases of 2.3 during any explosive decompression of a

pressure cabin or s pressure suit. Above 30,000 ft, however, it is virtually impossible

to protect s pilot by proper choice of cabin pressure conditioa' from both the dangers

of anoxis and expanding internal gases. Loss of cabin pressure st any altitude above ;
$0,000 ft will place the pilot ia sufficient danger to require emergency protection ‘
from somc form of pneumatic clothing, a practical version of which has yet to be
developed.

7.16 Emergency escape from an sircraft, while traveling ot extremely high speeds
(transonic and supersonic), and st high sltitudes (10.350 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 Germaos
developed the ribbon parachute. Emergency oxygen must be carried, probably ia the
parachute, and for bailouts above $0.000 ft, some protection must be provided against
s=vere anoxia and seroembolism. Methods must be provided to eject the flyer free of his
damaged ship. Ejection seats as an escape method are only practicsl for subsonic
speeds. Full-face oxygen masks will protect the face from wind blpst aad cold. The
concept of an ejectable cockpit, properly pressurized, is at presect the best probable
solution to escape at extreme altitudes. For such a cockpit, a stabilizing parachute is
required »s the speed drops through the transonic rsage. Larger parachutes free of
severe opening shocks will be required to reduce descent to a safe value for striking
the ground. Alternately, the cockpit could be unsesied sutomaticslly below 50,000 & ‘
and allow s conventional parachute descent. Automatic opening devices should be

used throughout the sequence of eveats. 3

7.17  The high skia temperature of supersonic alrcraft will require special protec-

tion for the pilot agaiast heat prostration. Air-cooled flying clothing will be & require-

ment. Proper choice of insulstion oa the csbin will be a factor. As the speed of the

sircraft drops to subsonic levels, protection sgainst the cold for the pilot must be
considered. ' "
7.18  Since some rocket-propelled aircraft may usc Jiquid oxygen us one of the
fuel components, this liquid could be used as & source of cabin pressurization, ss s
source of oxygen for the pilot, and as a method of cooliag sa sir 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
radistion. .

COUNTERMEASURES

7.19  High speed, maneuverbifity, and high altitude are the meaans of escapiog
interference from ground defenses. However, we must attribute to the enemy the same
highly developed weapons of defrase which we try to develop. Hence, it appears im-




perative to have in our sirplanes mesas for detect;

. t oa and deflection of 1arget-seeki
devices umee':l st them. This is one of the many problems which c:u::rsa :::::r‘
Mmeasures against new remote-controlled or boming devices.

.20 A ‘ccchnicnlly competent enemy will try to thwart our operations by counter.
mcasures directed at our own electronic devices for the collection of information and
tht. transmission of intelligence and control. The vulnerability of 2 target-finding radar
to ;'amming is no less important than the vulaerability to fighter attack of the vehicle
which carries the radar and the bomb, We have seen in the war Just past a lively bartle
of'u eapon and counterweapon in the ficlds of radio sod radar. At certain times we
enjoyed the advantage of a new techuique, temporarily unknown to the enemy, and
hence, of & puricd ~' o= w il Jevice {ii example, microwavs ASY radar) could he
used with impunity. It would not be wise to count on mzny such advantages ia the
future, and it is, therefore, important to assess the vulnerability of new devices at an
early scage of their development. In the reports of the individual consultants on radar,
communications, iofrared, and guided missiles, the specific problems of counter.
measures are taken up. It is worth while to preseot here ceruin broad conclusions
which emerge from these srudies: ‘

8. The fact that an electronic device can, in principle, be jammed (aod most of
them can) does not necessarily mean that it will be jammed 30 as 10 impair seriously
its military value. The problem of jamming, reslistically considered, is not merely one
of ingeouity, 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 regardsitas a
serious threat. :

b. The developments in radar 4nd related Gelds which promise the most in
freedom from enemy interference are the use of a diversity of frequency channels,
rapid tuning {rom one channel to saother, higher power, and where consistent with
other requirements, more directive beams of radistion. The opening up of the micro-
wave region of the spectrum has, o the whole, made the task of the would-be jammer
much more formidable. .

¢. Radio links used for remote guiding and coantrol, 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 codiag 2and decoding,
in contrast to the “concealed-button” type of security, whicb involves the dangerous
assumption that the enemy cannot readily discover what we are doing.

d. Concealment and camouflage against detection by radar and other mesas have
been developed vigorously and will contioue to develop. We must keep active 2nd
alert in this feld, if only to be sble to anticipate the countermeasuzes 1o which our

devices may fall victim.

e. In general, electronic warfare puts a ptemium on ingeauity, speed, adspts-
bility, and alertness. Against the countermessures of 8 determined and technicaliy
advanced eaemy our only permaneat military sssets are well-informed, resourceful,
scientific personocl, and s flexible production otganization.
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PERFECY COMMUNICATION FROM GROUND 70 AR
AND FROM AIR TO AIR

8.1 The preceding discussion has sssumed accurate and relisble communicatina
bt.lw'een the airplanes involved, and between the aitplanes a0d their base. Present
1iation communication, while fairly sati«factory, still lacks a good desl in reslibility
and ability to make contact. However, if the present rute of development coatinues, the
requirements of the projected Air Forces can be met in a relatively fow yorrs

8.2 At present the communication problem is divided into two pans

. Lisison communication for the long-range transfer of information berween
individual airplanes or flights of airplanes and their base, distances from a few hundred
miles to seversl thousand miles.

b. Commend communication between the membaers of & group or formation
of planes.

8.3 Future avistion communication will undoubtedly retain thess two subdivisions,
snd will probably include a third, namely short-range communicstion between air
bases and sirplanes, for the purpose of guiding offensive operations, teaffic direction,
and landing control. This may include visual presentation by television and iastru-
ment indication, as well as voice commuaicatioa.

8.4  Thec lisison system must operate on frequencies between one and ten megs-
cycles. This is becavse radiations st higher frequencies follow essentislly line-of-sight
paths, while lower frequencies, such as are used for iransoceanic communication,
require antenns leagths which cannot be sccommodated, even in the largest bombera,
In order to obtain communication et a distance in the frequency range available for
lisison work, it is necessary 1o deepnd upon jonospheric reflection, and 10 obrain re.
liability it is essential to select from among eight or ten bands in this region. Because
of these limitations, lisison communication is limited to between five s0d ten speech
channels. This means that the communication must be very highly orgunized in order
to economize in the channels needed.

8.5  The use of teletype systems and special voice coding can gready reduce the
frequency bandwidth required for & communication channel. By adopting these
means, & great many more chanoels become available. This msy become an inportant
part of liaison. .

8.6 lLong-distance communication of the liaison type may be supplemented by o
high-frequency relay system. This will make avsilable s large namber of chznaels,
which can be used for lisison. However, the longer wavelength direct lisison chanaels
must be retained in the event the relay chajo is broken.

8.7 Commsad communication sllows 8 much grester latitude in the selection of
the frequency st which it can operste, since only line-of-sight Is tequired. In practice
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it will be carried on st as high & frequeacy as possible, in order 10 make available a
maximum of communication channpels, limited only by the state of technical develap-
ment, antcnna considerations, and the molecular absorption of the air.

8.8 At present, command systems operate at frequencies around a hundred mega.
cycles. In the immediate future the frequency should be increased by ¢ factor of at
leastten, and perhaps much more. There will be available a large auruber 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 snd emergeacy
channels shared by the whole group. '

8.9  The channel space available can be used not oaly to give a large number of
bands, but also to prqtect the system from jammiog, Iaterferenee, and intercepion,
by using special forms of modulation, multiple chananels, or other refinements.

8.10  With the large number of chanaels to be employed ia this type of operation.
it is imperative that the individua! units be integrated into a closely kait practical
system. This can be done following practices similar to those employed ia ordinary
telephone systems. Each airplane in the formation would be assigned a frequency or
psir of frequencies on which he would communicate with anyone calling hia. In order
to call another airplane, the calling transmitter and receiver would be tuned to the fre-
quency of the ststion being called, simply by manipulsting a numbered dial similarto s
telephone dial. While certain problems connected with frequency subility remain,
steps have slresdy been taken toward theit solution in the use of » single stabilized
oscillator to control the frequency of both transmirter and receiver, various feedback
systems, and similar measures. In such & network it would be essential that cerzin
master channels be kept open at all times for the reception of general commands sad
emcrgeacy instruction. Since these channels must be available whether or not & station
is calling another airplane, this arrangemeot may require some duplication of equip-
ment. This will not be seriously objectionable, because short-range, high-frequency
radio equipment can be made celatively small

§.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-
tions of the radio spectrum. Laborstory models of receivers and transmitters are ut
present in existence, sad 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, hss certain properties which may be of value for short-range
command systems. Here the molecular absorption of the atmosphere beigns to be
impertant. This means that the signal is attenuated very rapidly with distaace. Thus,
it would be possible to carry on communication between sicplanes in a formation
and yet maintain radio sileace as far as ground detector or more distant sirplaces -
are concerned. However, before such equipment becomes avilsble for practical
avistion 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 operstions, as well as act as sadio operator, it may be necessary to supple-
ment voice communication with sn indicating system, with a semipermanent record of
the message. Developmental equipmeant of this type bas already beea produced in the
form of the British “Beechnut” snd Americsn *Volflag.” These units not only give sn




;::::;minor presentation of the message, 10 be read by the pilot, but also give an sut

Ic snswer-back whea the tquipment correctly records the sigoal :’Ms t :l
€quipment can be made highly selective snd jam-proof. . P
8.14 Facsimile may also serve as 20 s
teansmission of [ag
Furthermore,

sdjunct to voice communication. It sllows the
o inrge smounts of information over a relatis ely narrow chanael.
e rmore ormation is ia the form of & permanent record. The information
1th «2n be transmitted may be in the form of maps, pictures, or charts, in additioa
10w titten words, which in itself can be of considerable value. Because lh; baadwidth
requircd is somewhat greater than is needed for speech transmission, it probably will

not be used as lisison equipment, but will
on radie seloy o quip ut will be operated at command {requencies and

8.13 In otd.er to carey out successfully large-scale aerial operations under sll
weather conditions, it is necessary to provide very complete contact between the air
base snd airplanes leaviag or approaching the base. When large sumbers of sirplanes
are involved, voice communication will aut be adequate, but must be supplemented
by some form of visual aid A modification of the “Teleran” system can provide the
required contact. With this system, the location and slticude of all sirplases ln the
neighborhood of the base are determined by radar equipment st the ground station.
This information is electronically plotted on maps of the terrain, dividing the space
sbove the air base into s predetermined number of levels. A picture of the map aad the
sirplanes at a given level is transmisted by television 1o the airplanes st that level.
Thus, the pilot of every airplane at each level knows the whereabouts of every other
airplane at his altitude, and the danger of collision is greatly reduced. The traasmitted
map carries with it appropriate meteorological information and any instructions that
may be necessary. Blind landing 20d take-off aids are also provided for airplanes at the
lowest level. ) ’

8.16  This system gives the ground station complete control of the airplanes in the
vicinity and makes possible the concentration of large numbers of aircraft with rela-
tively lirtle danger. 1t also makes it possible for the air station to direct the groupiog
of large airplane formations and perform other funcrions necessary in carrying out air
activities on a large scale.

8.17 The three classes of communication described will provide for the inter~~
change of information required for integrated sir activity oa a large scale. lo its present
state of development, the radio art is in a position to supply most of the techaical
mesns for lisison, command, aed air-base control. However, radio research should be
encouraged in order to improve present means and develop new equipment giving
better performance. (See the report “Aircraft Radio Commuaication Equipment.”
Part 111 of the SAG report Radar and Communications.)
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DEFEND HOM.I TERRITORY

DETECTION AND WARNING

9.1 The first prr.?blem of defense is Jetection and warning, The successful defense
of Eng!and was sttributed largely 1o long-wavelength, early warning radar, installed
at the time of the Munich agreement. This equipment could detect sircraftat s range of
130 miles at normal cruisiog altitudes, slthough its resolution was so low that it could
not separate a3 distinct indications two aircraft 10 or 15 miles apart. Aircraft at low
altitudes could not be detected. Had the Germans known the limitations of the equip-
ment, they could have defeated its use,

9.2 These easly types of equipment, opurating oo wavelengths of ten and three
meters, were succeeded y microwave equipment of much greater resolution. The
range of all types is essentially limited by the optical horizon. It is possible to build
rquipment capablp of detecting all aircraft flying below any give altitude and sbove the
optical horizon with a resolution and position accuracy of the order of 150 feet, under
normal atmospheric conditions. Itis possible 1o eliminate from the indicator alf targets
which are not moviag. Hence, the ares covered will be determined by the height of the
set and the screening by surrounding hills. The height can be increased by using air-
borne sets, but the size of the available aircraft limits such equipment to lower weight
and power, which in tura limits the range 10 about 200 miles.

9.3 ldcntification of the detected sircraft as frieadly or hostile is a major problem.
Jdentification beacons have been found to be only s partial solution. Reliance has to be
placed in large measure on knowledge of the flight plua and of the progress of the
flights of all friendly aircraft, identifying unfrieadly sizcraft by a process of elimination.
Advances in commusication techniques will probably supply additional aid io iden-
tification. )

9.4 Uasolved problems in detection and warning are the ability of sircraft to Ay
low, so that they remain below the uptical horizon until very close, and the problem of -
detecting missiles like V-2, coming in from the stratosphere at steep angles outside the
sngles covered by present radar warning sets. The first may be solved by the use of
airborne search radar sensitive only to moving targets. The secood requires only
additional engineering development to improve the high-altitude coverage.

9.5  The provisioo of warning alone, without methods of defeating the attack, is
useless. The warniog oetwork must be integrated with the control of fighter and mis-

sile squadrons.

COUNTERMEASURES AGAINST MISSILES

9.6  The second great problem of defense of home territory is countermeasures
against missiles. We sball ot here discuss passive measures, such as dispersion of

n
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industry, underground location of key targets, etc., but oaly the active messures againgg
the missile in flight. So far as known at present, the poassible active measures agaiast
ataruic bombs do aot differ from those against missiles carrying ordinary explosives,
Such measures will be ditected tc deflect the attack by electronic disturhances, to
produce premature explosion, and finally to hit or destroy the missiles by blast or
fragrmentation from warheads of defensive missiles.

9.7  Aay missile using remote radio control, electroaic homing devices, or proxim.
ity fuses. can in theory be jammed. la practice it is necessary to kaow somerhing of
the method of operation and to sdapt jammiag equipment to the particular eaemy
device. This information may be obtained either by intelligence methods, by contia.
uous scarch of the clec.romagnetic spectrum, or by examination of captured equip-
ment. There is no blanket over-all method of jamming which would defeat any and all
types of electronic apparatus. This method of defense requires extremely close cooper-
ation between iatelligence officers, special recoonsissance patrols, and electronijcs
specialists engaged in development of jammiag equipment.

9.8 Missiles using homing devices may be deceived by decoy targets. Thus a
missile using heat radiation could be decoyed by anificial targets. This device is of ,
limited application, since techniques of target selection are koown, 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 townard the resl target
snd yet far enough away to be outside the radius of destruction of an stomic bomb.

9.9 Many persons have suggested the possibility of producing premature explosion
or otherwise incapacitating missiles by means 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. 1n the sbsence of a proximity fuse ot of & system for remote electronic control
of detonation, science offers no prospect of detonatioa at & distance. The interaction of
electromagnetic radiation with marter has been thoroughly investigsted from loag
radio waves through microwaves, infrared, visible light, ultraviolet, X rays. gamma
rays. to cosmic rays. Our ability to concentrate radiant energy at a distant point is
limited by & fundameatal property of wave motion in an unbounded medium, i.c., the
tendency of the waves to spread. Even if twice the tots! electric power of the United
States were placed in a single beam from a reflector 30 feet ia diameter. the inteasity
at one mile would just reach the spsrking voltage in sit. Furthermore, shielding is
relatively easy, because of the high 1nductivity of metals. The very shortest rays cannot
be focused, and the energy decreases as the inverse square of the distance. Thus, preseat
scien(ific knowledge offers no hope for, but on the contrary distinct evidence agsinst,
the possibility of detonating bombs at a distance. — ,

9.10  No serious attempt has yet been made to hit a projectile or missile moviog
with, say, twice the velocity of sound. However, by sdapting the target-seeking prin-
ciple to winged rocket projectiles, it should be possible to accomplish this sim, pro-
vided location and warning occur sufficiently in advance. Another principle would be
that of a batrage of aerial mines; bowever, it does not appeat possible to increase the
deacity of the barrage to such an extent that the missile would not slip through. Cer-
tainly both methods should be stadied.
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9.?2 Manned iatcrceptors will be develo ed, as well as autom

(hl.l purpose both rocket and jet propulsion d':lvc should be comide::';. :::‘:::r:::
altitudes, the rocket may be the oniy method of propulsion which promises success.
Because of human limitations, maoaed interceptors probably cannot be used against
extremely high-speed unmanned missifes.

OFFENSE IS DEST DEFENSE

9.13 One possibility in the future may be the rocket barragc with atomic warhead.

This could be used sgainst aircraft or missiles traveling st high altitude. If the range
| of the effect of the stomic explosion is exactly known (estimated as about two miles

for the present atomic bomb) sod stomic explosion is possible in devices of reduced
size, damage on our own territory can be avoided. Especially, attack from the high seas
| could be prevented by projecting the barrage at a sufficient distance out to ses.

’ 9.14 While it is profitable to develop as effective means as possible for buth active
and passive defease against enemy action, it must be remembered that a purely defens.
ive attitude is defeatist. A nation which relies solely on defease for its security Is in-
viting disaster. England might well have become untenable if only defensive measures
had been relief on to stop the V-2 attacks. These attacks were only stopped after use
of the launching sites had been denied the enemy. Japan's defeat was assured wheo
she failed to deny us access to air bases from which we could attack the homeland

itself. The best defense is adequate preparation for & strong offense.
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PROBLEMS OF ORBAHIZATIUN WITH
RECOMMENDATIONS

FUNDAMENTAL PRINCIPLES FOR ORGANIZATION
OF RESEARCH

10.1 . Thf spectacular innovations in technological warfare which sppeared with
ever-increasing momentum in World War 11 have made us extremely conscious of the
necessity for continuous scientific research to insure maintenance of our nationsl
security. The legislative and executive branches of the government, industry, 2nd
science are now intensively engaged in finding the best form of organization and the
most efficient scheme for uniting sll efflorts 10 create the best facilities and utilize all the
available scientific ralents. Maay of the fundamental questions of orgsnization will be
decided after the legislative work has been done. Howevet, it is of the utmost impor-
tance that the Air Forces 1ay down the leading principles of their owa policy and
establish the foundation of organized tesearch 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 10 any other government agency or scientific body.

b. The Air Forces must be able to cail on all talents and facilities existing in the
nation and sponsor further development of facilities and creative work of scientists and
industry. 0 '

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

d. The Air Forces must be authorized to expand existing AAF research facilitics /
and create new ones to do their own research and 3150 1o make such facilities svailable’ /
to scientists and industrial concerns working on problcms of the Air Forces. W,

10.3  During World Wa, 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 tu the
secvices, 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  Unfortunarely it is not possible to establish the necessary link between science
and iadustry oa one side and the Air Forces oo the other, by establishing contact and




G .
agreement at the top level only. It would be simple to establish 20 office of organized
science and agree to allot scientific problems 10 such an office and military problems
to the Air Torces.[However, scientific results cannoc be used efficiently by soldicrs w ho
have no understanding of them. and scientists cannot produce results useful for war-

fare without an undersianding of the operations.|The following sections present
certain recommendations which may have some value for the solution of the probi.m.
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COOPERAYION BEYWEEN SCIENCE ANI; THE
AIR FORCES

11, is gene i
lhlc lrmmil:rl:"grc:ually ;eco'gmufl that an adequate pational program for extending .
he fron " nmvlet 8¢ in various ficlds of basic science is a pecessary adjunct 1o

¢ maintcnance of military security of the nation. Every scientific development
c\cn!uall): ﬁnds'lu way into the field of military applications. However, basic ru';ur h
requirestime. Wars are fought with weapons based on fundamentals dis.covctcd dun';
the preceding years of peace. Discovery of fundameatal 1esults is dependeat on a0 ns-
mosphete of freedom from immediate specific goals ard time tables.

:::nn:),::l:(::,::,::“c 'resurch. The successful cond.ucc of such resesrch requires free-

y of efloct and cannot be accomplished by intermittent contracts for
small uasks. Research stafls canaot be assembled and dispersed at short intervals. In
addition, parallel competitive attacks on research problems do not constitute wasteful .
duplication. Coordination should take the form of exchange of information, rather
than centralized dictatorial control of projects, funds, snd facilities. - s
11.3 The Air Forces do aot desire 10 do basic scientific research in their owan
organizations; however, they wish to encourage and sponsor such research as they
deem accessary for the defense of the nation.

11.4  Atthe present time there is a tendency to concentrate the direction of scientific |
research activities in one controlliog organization and make this organization respon-
siblc for the production of scientific results needed by the services, for the developmeat
of new weapons and equipment. Such centralization can be detrimental to American
science, if it means exclusion of independent individuals and cmall groups of research
men whose contributions sre vital to the maintenance of an sbundant scieatific life
within a nation.

11.5  Generally it may be said that the coaception and initial development of new
ideas often come from men a0d 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 initistive, aot dic. *
tated by any preconceived plan, played an important part, both in this couatry and
abroad. If free enterpiisc and initiative are necessary for maintaining 8 sound economy .
within a nation, certainly they are even more necessary in scientific life.

11.6 It is imperative from this poiot of view that the Air Forces continue and’
expand their present direct relations, spiritual and contractual, with various universi. .
ties, research laboratories, and individual scientists. None of the central organizatioas

sole incermediary agency between scicnce and the Air Forces. The Air Forces should
have the freedom to call oo institutions snd iodividuals whose assistance they decm

to be of the greatest benefit for their program. .

11.2 For these reasons government authorides, military or civilian, should foster, U.’

' existing aow 10d 10 be established should be the only source of information and (he@
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1.7 The ideal gosl is, on one sidc, the creativn of a scientific atmosphere in 1he
Air Forces, on the other side, the maintsining of s permuneot interest of sn‘enu'.ﬁc
workers in problems of the Air Forces. The handling of research on applicatioas of
nuclear physics by some military authorities gives an interesting example of how
scientific people can be antagonized by 100 much command,

11.8  The physical attributes of scientific life are libraries, laboratories, publica.
tions, society mectings. The main impediment to high-grade cooperative scientific
activity i the past has been the conflicting philosophy of scientists and soldiers ia
handling scientific marters. Ao unavoidable difficulty is introduced, of course, by the
security restrictions necessitated by the character of military sesearch. Howener, it is
belicved thac this problem can be successfully solved.

11.9  The first requirement for successlul scieotlfic collaboration is an efficient
method of rasking the material contaiaed in the archives of the Air Forces and other
military bodies accessible to those scientific workers who sre cleared for classified
information and whose cooperation Is desired. The lack of such an organized iibrary
service has in the past been one of the great impedimeants to scientific work. The Air
Documents Division, established recently st Wright Field, may be the nucleds for the
development of an efficieat library and information aervice.

11.10  Concerning the laboratory work, it is recommeaded that Army Air Forces
personnel be assigned to civilizn laborstories, in order to acquire 2o intimate know.
ledge of scientific research to permit them to evaluate correctly scientific facts sad
eflectively direct and supervise research in the Air Forces laboratories. However, the
personnel assigned to civilian laborstories should not be there as supervising or lisison
officers, but merely 10 lesrn. Ob the other hand, it is recommended thac the Air Forces
develop s scientific reserve corps familiar with current militsry problems, as a pool
for active service in wartime. Younger sclentists, who were working on projects ia
various civilina organizations during the war, would constitute admirably fit candidates
for this reserve corps. Co

11,1 The employment of civilian coasultsats, which was authorized for the dura-
tion ot i..¢ :mergency, should be continued in peacetime. The wide variety of research
and development problems facing the Air Forces definitely requires that the Air Forces
be sble to csll upon specislists from time to time and for limited periods, in order to
obuin the best advice snd comprebensive reports on selected topics of current iaterest.

11.12 During the war several lsboratories, established by the services and the
NDROGC, in close connection with universities snd directed by scientists belonging to
the universities, made important coatributions. This favorable result suggests the
establishmeat of cooprrative Johaseiories, in which the administrative and financisl
responsibility and mapagement would remain with the government, and the scientific
direction would be undertaken by faculty members. This method would solve the
security problem an0d yet bave the sdvantsges of the geographical and spiritusl con-
nection with a place of sciendfic lesrniag,

11.13  lathe field of publications snd meetings, it is recommended that the interest
of scieatists in military problems be cultivated by spoasoring s society for military
sciences, whose membership and publications would be restricted la conformity with

s




securty re'gulauons. Air Forces personnel should be given membership in this soCrety
and permission 1o discuss and publish the results of their endeavors in the classibed
publications of the sociery.
1114 The following recommendations are therefore made:
2. Direct resesrch contracts between the Air Forces and scientific institnions.
b. Libeary of classified materisl, to be made srailable 10 scientisis who have been
cleared.
<. Exchangce of personnel between the Air Forces and civilian laboratories.
d. Authorization for tcmporary employment of scientific consultants.

c.
f. Scientific society (or military sciences, with membership requiring clearance,

and classificd publications.

Coopcrative laboratories in close toancition with universities.

* o
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. COOPERATION BETWEEN INDUSTRY AND THE ‘
AIR FORCES '

lzc.'l Thi.s report does not desl 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 muin field in which industry and the Air Forces will work in close
cooperation is applicd research and development. It is imperative that the Air Forces
separate funds and management of development contracis from procurement con-
tracts. Inthe past. much time and effort have been wasted by lack of a clear line between
procurcment and devclopment. Development contracts should also he based on com-
priition: since the competitive spirit probably produces the best solution in the shon.
esttime However, competition in scientific and development work is different in its
nature from pure commercial competition.

T et o

o b

12.3 The main objective in separsting research snd deselopment from procure-
ment is to make it possible for industry and the talent available in the industry to carry
on applied research, which is absolutely necessary for rapid progress in the srticles
to be produccd. Some industrial companies own facilities and funds for this purpose,
as for example, the large companies producing electrical equipment, automobiles, and
chemical products. These companies practice mass production and have s wide marker
for their products; therefore, they are able to do upplied (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 sircraft industry, it is generally recognized that the govern-
ment must at least partially supporr the costs of applied research, because many of the

PI% e PO R iR g, T

problems refer solely 10 military applications and the costs of development cannot be ‘
recovered by the sale of the product. It is believed that it i35 more sdvantageous for the :
Air Fcrees (o pay for the research needed than 1o pay higher prices for the products ]
which » ould include the costs of development. 2
12.4  Supersonic flight and pilotless sirplanes will undoubtedly create a gap be- L
tween aircraft used in civilian life and in aerial warfare. Consequently cestain perts of A

the sircraft industry will be engaged in developments which have no commercisl value
snd will not result in large orders from the government during peacetime. It is then
necessary that promising developments of this type be carried through the pilot-plam
stage with the financial support of the Air Forces. These pilot plants should be able to
furnish the quantity necessary for tactical evaluation of the equipment. In sddition, sll
preparations must be made for securing s rapid expaasion of production of both
materials (such as specisl fuels and propellants) and devices (like missiles, electronic
equipmesnt, etc.). _

L 16s Many problems require facilities which are only svailable 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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necc?ury to improse the characteristics of experimeatal airplane 1ypes. It is believed
that it would be more advantageous for the geoersl progress if the NACA were re.
licved of the duty of testing and improsving experimental types and could concentrare
on furward.looking investigations on questions of basic and applied scicnce. The
testing and research for immediate improsement of experimental types should beiaken
over by the Air Forces and ecw facilities should be created which allow the carrying
out of such tests on s large scale. The design of new facilities should take into account
the probable developmeat in the next decades.

12.6 The air lines will be an important factor in any future warfare, since their
equipnient and experieaced personnel coonstitute a valuable rescrve for organized
transportation between the mainland and bases distributed over the world. Hence, a
close connection between the air lines and the Air Forccs is necessary. In the oper-
ational ficld, as in the field of sirplane sad engine development, the natural develop-
menoi is that cthe {scilities of the Air Forces should be used for perfecting operational
mecthods, such as traffic control, landing aids, etc.

12.7 The following recommendations are therefore made:

a. Separation of funds and maaagem:at of research and development coatracts

from procurement coatrsces.
” b Design of Air Forces facilities for applied resesrch and development, both in
the field of technology sad operations, oa such s scale that they can be made asvsilable
to the industry producing equipment and the companies engaged ia ait transportation,
t0 carry out the research necessary for the development desired by the Air Forces.

c. Promising developments of the nonrevenue-producing type should be placed
in pilot-plant productico to such an extent that the Air Forces caa obtaia a sufhicient
numkber for tactica) evaluation of the special equipment and devices 10 be used in case

of war. .
d. Rapid expansion of production facilities for such items should be adequstely

provided for by the development contracts.

il 8
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ADEQUATE FACILITIES IN THE aIR FORCES FOR
RESEARCH AND DEVELOPMENT

13.1 Scientific research in the Air Forces embraces not only t icati \
phy!h:ll sciences for production of efficient equipment, but shty)u::r.:;frhtct:‘:‘l)ln :f.:::
'cl aerial warfare which require scieatific thought and snalysis. For example, it rhould
mclud.c problems of a physiological and psychological nature, as well as the scientific
analysis of operations and methods of prognosis of the effects of planned operstions.

13.2 In the past, especially in the Jast prewar years and during the war, the Air
Forces developed research and testing equipment at Wright Fieid for airerafy, engines,
armament and other equinment, materials, and also for seromedicine sad physiology.
Ac Eglin Field & proving ground was estabtished for equipment to be tested under
field conditions and for the study of effects of mesos of destruction. These facilities,
in the light of future development, appear definitely inadequate, even from the purely
techuical viewpoint of producing and testing efficient equipment.

13.3  There is no doubt that electronic devices will play an increasingly importaot

part in all future Air Forces operations. In the past, the history of electronic applica.
tions has ususlly been that a device was developed for ground use, and then, some time
later, its value 1o the Air Forces was realized, and afrer suffering severe and prolonged
redesigning, it finally became useable ip the air. Almost invariably this process of re-
design was carried out by engineers with 0o real knowledge of the special problems
of aircraft. In other words, the areonautical engineers have had no appreciation of the
possible value of electronics in solving their problems, and the electronic engineers
have had no knowledge of the difficulties their equipment would experience on ait-
craft. Electronic equipment has been added to planes «s an afterthought, with con-
sequent difficulties of installation and operation. Even in the case of radar, it was not
until 1944 that a group of radar scientists and aeronautical engineers conferred for the
purpose of studying the uses of radar and discussing the problems of iastalling
radar equipment in planes.

13.4 Future controlled missiles are completely dependent o. “lectronic devices.
They must be designed by electronic and aeropautical engineers v orking in close
cooperation. Instrument flying requires that the electronic equipment be designed
by persons familiar with seronautical problems.

13.3 In the age of moderute speed sirplanes with conventional engine-propeller
drive, it was paasible to carry out developmeut wotk on separate components. Super-
sonic sirplanes and pilotcss sirceaft cannot be eveloped successfully by such methods.
Questions of serodynamirs, structurcs, propulsion, and control are closely intercon-
pected. The component parts of a guided missile cannot be made to function inde-
peadently any more than can any one organ of the humso body. Based oa these con-
siderations, it is proposed that the Air Forces create new facilities, under oue com-

”




fmnd. entirely scparated from procuremeot aad supply, with the objective of deselop.
ing supersonic and pilotless aircraft. :

13.6 The Center for Supersogic and Pilotless Aircraft Deselopment (SPAD)
s'hnuld be cquipped with adequate wind-tuanel facilities to atrala speeds up to three
times the velocity of sound. with Iarge enough test sections 10 sccommodate models
of reasonable size, including jet propulsion units, and one ultrasonic wind tuane! for
vxplorativn of the upper [rontier of the supersonic speed range. Amiple facilities for
the study of combustion and other charscteristics of propulsion systems at very high
altitudes should be provided. Electronic engineess should be given the necessary facil-
iies to sindy cantrol methods, servomechanisms, and homing devices in close cooper-
ation with acrodynamicists and propulsion experts. The Development Center should
alio provide facilitics for investigations of the human aspects of flight a1 supersonic
speed and extreme al'itudes. The facilities for experimental lauaching, flight research,
and flight analysis should be integral parts of the Dcvelopment Ceater.

13.7 Itis believed thet the Air Furces program in the field of supersonic and pilo:-
fess aircr2ft urgently needs the establishment of such a central organization to lead
the activities of the scientific institutions and Industrial companies to new hotizons;
and, 10 make facilities asailable for research and development work, necessary, beyond
& doubt. for maintaining our suptemacy in the air. '

1.8 It is proposed that tesearch and developmeat in the field of sircraft oper-
ations, communications. and weather service be consolidated into a Center for Oper-
ational Aircraft Devclopment (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 laburatory
facilities for applications of radar and television techniquc. Experimecal bases for
testing control and communication Jdevices should be integral parts of this Center,
It should cooperate closels with the air lines and the weather service.

13.9 It is belicved that the proving ground at Eglin Field should be put in charge
of development of bombing devices and procedures, and study of bombing survey and
analysis methods.

13.10 It is proposed that a Ceater for Nuclear Aircraft Development (NAD) be
initiated, dealing with problems arising in conpection with atomic bombs and the
use of atomic eaergy for aircraft propulsion.

13.11 The organizations and facilities suggested in this chapter cannot be creat=d
in one year, but must be developed gradually in coordination with the work of other
interested military and chilian agencies. On the other hand, it is my conviction that
unless the Air Forces begin systematically building up development centers with
competent pessonne! 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 responsibilides.

SUMMARY OF RECOMMENDATIONS
13.12  The following recommendations are therefore made:

)
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a. Rescarch and developmen- in the Geld of aerodynamics, propulsion, coatrol,
and electronics should fuactioa as oane enticy,

b. A Center for Supersonic and Pilotless Aircraft Development (SPAD) should

be established, with adequate wiod-tuanel, propulsion, control, and electronic re-
search facilities,

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

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

¢. Eglin Field should be developed into a research and development center for
bumbing technique, rescarch on blast eflects, and bombing survey and analysis

methods. : //
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LONG-RANGE PLANNING

141 Scientific planning must be years shead of the actusl research and develo
g’:l';:':;°’:‘-hl-°:8'"nge phnni.ng should be the responsibility of the Comm:ndi:g
e 'h‘: ;.:t d:::':::::‘.eldl;:n:'vien:here isf;enenl agreement lhrough?ul the nation

lanming hirh erest of the Commanding Gener.al in long-range
p g . een one of the most important assets of the former Air Corps and the
pre.sem Air Forces. This philosophy should be preserved in the future. From this
point o.l view, it is advisable that s permanent Scieatific Advisory Group, consisting
of qualified officers and eminent civilian scieatists, should be available to the Com.
rnlr.\ding General, reporting direaily to him on important new developments and
advising him on the planning of scientific research. It is considered that the advice
and contributions of persons who, although thoroughly familisr with the work and
the needs of the Air Forces, have their main activity outside of the Army, would be of
coosiderable value. This group should contain experts with broad experience in the
‘ various branches of scieace involved, who would represent a cross section of our
‘ " scientific thought. Their reports to the Commanding General would be used to fleect
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
s very difficult one. It cannot be expected that unanimous agreement can be resched
on this question. The plan for management of research and development is a sore
point in sil large organizations or companies. It mosily undergoes periodic changes,
which emphasize one or the other side of the question, ranging from separate and
slmost indeperident research jaboratories to decentralization of research and develop-
meni” T 0 (M 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 develop-
ment; and (2) s supesrvising and directing agency attached to the office of the Chief of
Air Stafl. Both solutions have advantages and disadvantages. Obviously it would be
extremely ¢ifficult 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 sgency would have
2 hard 1ask introducing new ideas into the uperation of » Jarge number of dispersed
sections and commands engaged in research and development.

14.3  Independently of the special form of management of research and develop-
ment, the office in charge of direction and supervision of research should establish

s ]




panels consisting of representatives of other agencies engaged in acronautical and
related research, for example, the Natioaal Advisory Committee for Aeropautics, the
National Burcau of Standards, the Civil Aeronautics Administration, the aircraf in-
dustry, the 1ir Jines, scientific institutions, and individual scientists. These panels
should assist in formulation of the dctailed research program and the choice of the
agency, institution, or individual best Gtted and available to carry out the desired
research work.

’

SCIENTIFIC INTELLIGENCE

14.4 Scientific intelligence is one of the impartant requirements for the future
Air Forces. In the racert naet the necessity for an organized scientific intelligence
survice became more and more evident as the war proceeded, and it became an urgent
nccessity 46 Germany collapsed. Fortunately, at that time a great number of scientists
and technicians could be made available to the Air Forces on a voluntary basis. la this
way the information gained from Germany could be worked up in an appropriate
manner. However, at the preseac time, only a few months later, no more such personnel
is svailable. The supervision of future German scientific work, for example, is still
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 pure
scientists who had no connection with any military office or establishment; as a marter
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 prescnted to the military
agencies, as it has been done in the past, will not be sufficient. The Intelligence Service
nceds permanent collabucators who pursue the scientific literature, sttend meetings,
visit scientific establishments, aad report their findings snd suggestions periodically.
In peacetime much tact will be pecessary to accomplish such efficient intelligeace
seevice, 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, 2 much more difficult’
matter. One can distinguish between scientific intelligence on subjects which sre
open to duscussion and on subjects which are classified. I believe that all knowledge
of scientific life in a foreign country is of great importance since, after all, the same
scientific personalities who create the peacetime science of a country will be called
upon 10 help their country in wartime. Therefore, it is sirongly recommerded that the
Air Forces: (1) have scientific attaches in embassies and legations in various couatries;
(2) send scientifically trained officers, engineers, or consultants of the Air Forces to
scientific meetings and congresses abroad; and (3) send personnel connecied with
the Air Forces for longer periods to study at foreign institutions.

14.7  The intelligence services concerned with subjects which a foreiga country
does not want us to know, will use the methods which were successful in general
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::‘,l;:er:‘:n;:lrl:igenc.e';‘}:'ow.ever: it is imperative 10 have 2 scientibc section in the Ia.
daesFjrce S ce ‘ ch will direct the search for and exploit the resulis of scientifc
e . perative that we have knowledge, in adsance, of all potential targets
could be of importance in scientific warfsre, unless » complete exchange of

scientific and technj . . .
whole world. technical data, a3 proposed recently by Great Britain, extends over the

SCIENCE IN PLANS AND OPERATIONS

14.8 The Air Forces entered into World War IT with ui . i

as{ar asthe prognosis and snalysis of the results ofmiuiozn ::::':j;::::::’;‘i:"’:l"::
groups wmere assembled during the war, and vpinions concerning the relative zm-
portance of targets were widely different. We now have the experience of 2 long war.
The work done by orgenizations such as the U.S. Strategic Bombing Survey gives
material for discussion and for planning future applications. Of course, in 2 future war
bombs and bombers will be different; missiles and atomic energy involve radical
changes. However, it cannot be sufficiently emphasized that it would be a great mis-
take. after dissolving the groups which worked on analysis of operstions, to discon-
tinue the analytical work itself. It is believed that the staff sections desling with plan-
ning and operations should be equipped with adequate scientific personnel to be able to
contiaue studies on methods of target snalysis, operational analysis, snd the like. 1t is
necessary to have in peacetime a nucleus for scientific groups such ss those which
successlully assisted ln the command and staff work In the field duting the wat. 1a
these studies experts in statistical, technical, economic and political science must

cooperate.

- PERSONNEL POLICY

14.9  Itis believed that many shortcomings of research and development in the Ait
Forces originate from s lack of appreciation, at higher levels, of the qualifications
necessary for successful direction of a lsboratory or s proving geound. The theory that
an intelligent officer is able to direct any organization, military, techaical, or scientific,
is certainly obsolete. An officer in charge of a 1aboratory or proving ground can be
really useful oaly if he holds the position for a sufficient time to become thoroughly
scquainted with the subject matter and personnel. Officers with engineering training
on engineering duty must not be handicapped, 23 regards promotion, because of long
tenure.of the same assignment or time spent in acquiring advanced education. ‘

14.10 The position and rank of officers responsible for research sad developmeat
must be made commensurate with the imporiance of their work and schieverment and
must oot depend on the size of the organizations under their command.

14.11 The level of civilisn personnel engaged in research and development work
must be raised by suthorizing the Air Fosces to hire or dismiss civilisn scientific per-

sonnel outside of the Civil Serivce. Also, methods of appointment, compensaticn, aad
management of civilian scientlfic personnel under the Civil Senice must be freed from

those restrictions of the Civil Service regulstions which make the goverameot service




unattractive to first-rate scieatists. la this conaection, a separate brench of the Ciril
Service for scientific personnel would be of:value.

SUMMARY OF RECOMMENDATIONS

1412 The following ncommendu;ionl are therefore made:

8. A permanent Scientific Advisory Group should be svailable 10 the Command.
ing General, to advise him oc questions of long-range scientific planning.

b. The office in charge of resesrch and development should establish research
panels for coordination of Air Forces research with that of government agencies and
other scientific institutions,

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

d. Op=rational analysis and target studies should be continued in peacetime, with
adequate scientific personnel. . .

e. Officers in charge of laboratories should keep such positions long enough to
be really useful, without being handicapped in promotion by fong tenure of such

assignments.

f. Position and rank of officers responsible for research should be determined
by the importance of their work and aot by the size of the organitions under their
command.

g Appoiniment and compensstion of civilian scientific personnel should be
freed [rom Civil Service regulations, to enable the Air Forces to employ first-class

scientists and engineers.
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| SCIENTIFIC AND TECHNOLOGICAL TRAINING
g OF AIR FORCES PERSONNSEL

.l,:;':,;n Irhv‘:“dns;usuon in this section refers o::nly' to the scientific and technological
8 r Forces officers. The specific training of mechanics, radio operators,
«-lonl"n‘n.lrs technicians, and the like, is fot considered. It is helieved rhat in nddhlm;
to unlm.ng civilida consultanrs ia various sdvisory capacities and civillaa scientists
snd cngineers in the Civil Seevice, the Air Forces must organize a broad training pro-
gram for officers in various fields of scicnce and engineering. New scientific discoveries
will continually have a profound irfluence on the concepts of sir 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 ghe traisin
Which will make them capabie of evaluating scientific facts with good tecbnic_alju-
ment and vision. T

| TRAINING FOR AIR STAFF WORK

P82 Pracrically all sections of the Air Staff are confronted with problems involving
the spplication of science. Therefore, it is desirable that future Air Staff officers have an
; understanding of the capabilities of science and an sppreciation of scieatific thought.
. Therefore, it is proposed that a certain number of young officers be selected and given
/ scicntific training for future Air Staff work. Two years of special training at scientific
institutions should be given these officers, in a branch of scieace chosen by them. The
2im of this education should be training of the mind 20d acquaintance with scientific
results, rather than specialized knowledge and routine skill. At intervals of about five
years, one.year refresher courses should be iaserted. The scientific training would he
in addition to military training for stafl duties, which is given at such places as the
Army War College, the Coramand ead General Staff School. '

TRA!NING FOR RESEARCN AND DEVELOPMENT

15.3 A ceriain nomber of officers should be given specialized scientific technolog-
ical training in the branches of mathematics, physical sciences, and engineering, which
ate of vital interest for development of equipment and operational methods. This
‘sraining should be accomplished at scientific institutions. 11s main objective should be
not so much the education of research men in the proper sense, a3 to give futute officers
~ engaged in, or in charge of, research and development an latimate koowledge of the
. , capabilities and limitations of science and accustom them to wotking io cooperaiion
: _with scientists and scientific institutions. It is very importnt that in the future scientific
training, a broad variety of sciences which have applications to Air Forces problems
be taken into uccouat. A proper balance must be established beiween seronautics
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] p opcr,.thermodynamxcs, electronics, nuclear physics, meteorology, aeromedicine
! econvmacs, etc. These officers can best be recruited through the Air Forces ROTC’ '

AEEYE

Exceptionally brilliant students (about 20 percent of the total number taken) should be

f permitted to continue their scholastic training until they have an M.S. degree and then : h" :
’ be put on active duty for about three years. This will give them an opportunity to orie:: '.-'f" :
f' themsclves inl the type of work they are best suited for in the Air Forces. After that 5‘.::";{ L g

they should return to college for a period of two years, or long enough to get a Ph D’ é;};;c o
i degree. This would produce a supply of officers with-an intimate knowledge of seve.ral. # E
} ﬁ_e!.ds of science. This is essential to finding the best compromises when military re. o
i quirements produce conflicting design problems involving more than one field of .
| science. The remaining 80 percent of those students selected through ROTC would go X
| on active service after obtaining a B.S. degree and would return to college, after about
1 : - three years of active service, long enough to obtain an M.S. degree.. il

| 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 Gk
i 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. :
15.5 Every effort should be made to retain in the Air Forces those research and . 2
development officers who have already received added scholastic training at govern- '
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 ’;

appear reasonable to concentrate on trying to make engineers out of pilots at the Air 1
. . . . . . . i

Forces Engineering School, while at the same time refusing to give good engineersa "' j!

chance to become pilots because they have not been members of combat aircrews. 3

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 . !
sciences involved, they should concentrate their efforts on the transmittal of practical :"; ,
knowledge and skill. Exceptionally brilliant graduates of the Air Forces technical
schools should be selected for further scientific training in civilian schools. i

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. ‘

Technical officers recruited throughout the Air Forces ROTC should be given %

b.
advanced scientifig training up to the level required for an M.S. degree, in a broad

variety of sciences which have applications to Air Forces problems.
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¢ Additiona! training should he givea 20 perceot of the officers referred 10 ] ]
the preceding recommendastion, to qualify them for s Ph.D. degree.

d. Allfuture Air Staff and techonical officers who receive scientific training should
be given one-year refresher courses at intervsis of five yesrs.

e. Every eflort should be made to retain in the Air Forces those research and
development officers who received scholastic training a1t government expense during
the war. _ _

{. Flying training should be opened immediately to those officers with scieatific
training who, regardless of combat experience, otherwise qualify.

8- The AAF Engineering School shall be built up in such a way, that fundsmentals
of the sciences involved in AAF problems shall be Included in the curriculum. Ex-
ceptionally able graduaces shall be selected for further scientific training in clvilian
educstiona! instjtutions. . :
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DEPARTMENT OF THE AIR FORCE
HEADQUANTERS UNITED STATES AIR FORCE
WASHINGTON. 8.8,

9 January 1967

Von Karman Report

Jefense Documentation Center (DDC-TC)
ATON: M. B. Kahn -

Csreron BStation

Aiexandria, Virginia' 22314 _
1. Reference attached DIC-T letter, cubject ans obove, dated L Junuary
1987, enclosed is printed final copy of "Toward Wew Horizons--Science,
tre XKey to Air Bupremacy.” Pe- previous agreement betwveen DDC and

tne USAF Bcientific Advisory Bcard, this volume 1s being made available .
to you for microfilming and incorporation in your official filess 1t

is recommended that the DRAFT version of this document now on hand at
DDC be destroyed or othervise retired to prevent future issue.

2. Upon your completion of this project 4t 1is requasted that the en-
ciosed volume be returned to this office. . X

2 Atch .

1. DIC.T 1tr

2. "Toward New Horizons--Science,
the Key to Air Supremacy”

Underunite Yowr Country’s Might = Buy U.S. Savingt Bonds
Y 4 ' :
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- UNGLASSIFIED

. OCPARYMENT OF THC AIR FORCE
KCAUQUARTENRS UNITED STATES AIN FORCE
WASHMINGTON, D.C. )

23 December 1366

U
*’.\‘: g 4

Swer®  AFR8A

swerect: - Von Xarsan Report

vo: Adminietrator |
Defense Doecunentation Center
Cureron Station : P
Alexardrio, Virginia 22314 v . .

1. Reference in made to telcphone conversation of 20 December 1966
. hetween Lt Culonel lloward of the USAF Sciontific Advisory Board
- Bcerelariat and Mr. Kehn, Chief of DDC Accession Division.

2. On seversl occasions, thie office has had need to request DDC . .
reprint service for volumes of Dr. Theodore Von Karman's 1945
' study "Towerd New Horizons." Bubsequent review of tae DDC reproduccd
- ' coples furnishcd has revealecd the document on file in your library t>
be a double-spuced "final draft" version of the Von Xarman report and
not the fina) copy as publishcd in hard cover form.

. : 3. Although the Von Karrsn publication is nov more than 21 years ol4,
: Ty it nevertheless regmains in constant demand and has proven to be an

: Air Force document of very significant historical value. This office,
vhich has one of the last remaining hard cover sets of the report,
receives {requent requests for copies of the document.

L. 1t is proposed thut the USAF Bcientific Advisory Board furnish 310C,
. on a loan basis, {te hLard cover set of the Yon Karman report in order
) that necesrary microfilm masters can be made and placed in your custozer
service files. Tne draft versions nov on hand in DDC should then be
d ' withdrasvn and deztroyed to prevent further issue of this incomplete
‘ version. It will be necesssry, hovever, not to mutilate the loared
copies rince Lhey must be returned “o the permanent records of this

organization, . -

5. Upon your approval of the recormended npev reprint ection, this
uffice vill make necessary arrangements to deliver our hard cover
copies to the DX office element designated by you. :

/ - AR . .
_ 75'.4.‘--' /h"ur-k ’ . .
St ROBFXT 4. HOVARD, Lt Colonel, UBAFP . Atch .
. ' Assistcnt Executive Secretary DDC ATI Reference xoe.
. UBAF Bciertific Advisory Board ' --Von Kaman Repost,
Toward lev lior{zcene

. A '
o) |
Undenierite Your Conntry’s MF"M - By US. Sacings Bonks
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