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The great Ailr Ministry in Berlin where the destruction of many salions was
pleteed by the leaders of the German air forces. Allied bombers knocked it into
ruins, and il become a symbol of the complete devasiation thal fellewed.
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TORY DS FIFTH AVENUE

After raids by American bombers. The capital was go per cent destroved befare
Japan surrendered,



CHAPTER 1
AIR POWER—PEACE POWER

"L-"i;:tcrr}- Determined by the War in the ."!'L]'r—.ljl.ll.' Air Forces lf']:l}'
Decisive Role in Deieat of the Enemy—We Emerge from the War
With the World's Greatest Air Power—Its Ability to Mm!':l::un
Peace—Superiority in Numbers and Purfnrma.u::t of American
Aircraft—The High Cost of "'..-'ict-l:l-r_'l-'_—-ThE‘ htsﬂ'l for Con-
tinuous Progress—The Five Eszzentials ol .-'ﬁ:u' P_m:ﬂ::r—

Our Postwar Ajr Forces—Developments in Civilian
Aviation.

Japan taught the human race anything at all, aside from the fact

that modern warfare is unprofitable even to the victors, then it
proved conclusively, that air power can keep the peace in an uneasy
world just as a police foree maintains law and order in a restless city.
For the second time in a generation we had been forced into a war
because our enemics believed we were not prepared; and they dis-
counted some of the advantages in our favor. Britain held Germany
at arm's length, and the enemy in Europe had to wait until we were
ready. But in the Pacific nobady was ready, except the Japanese,
and they did not wait. They fell upon us at Pearl Harbor and in
the Philippines, and upon our friends in Singapore, Burma and in
Java, like gangsters raiding a town with its police force away on a
picnie. Still zome of the advantages were with us. While vast dis-
tances kept us from getting at the enemy in sufficient strength at first,
those same wvast distances kept the enemy from reaching us—our
arsenals, our other resources and our homes—until we were ready
to return the holocaust, which we did. But even as we mobilized our
armics and trained them and sent them overseas, built up our huge
flcets and launched them against the distant bases of the foe and
hurled our great aerial armadas over all the world's battlefronts, it
was apparcent that this would be our last chance to hold an enemy at
bay while we took our time to acquire the strength necessary to dis-
patch him. The devilish weapons forged in the fires of this man-made
hell and all the different and ghastly new techniques of war would
surely bring disaster to that country first attacked, with the attack
being more sudden than that of the Japs at Pearl Harbor on December
7, 1941, and the end far more catastrophic for the vanquished than it
was for Germany on May 8, 1945, and for Japan on August 14, the
same year,

II'" the great war which ended with the defeat of Germany and
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ALLIED BOME DESTRUCTION IN GERMANY

This k& Duren, an example of air attacks which knocked out enough of German
reslstance to make the path of copquest casicr for the Allied ground forces.

Everything about thiz war proved that the United States must
keep its air power ready to meet any foe without notice, meet him
more than halfway if possible, and prevent him reaching us. The war
taught us even more than that. It showed us, and the facts to prove
it are in the pages of this book from cover to cover for all to read and
understand, that the best thing for the United States to do is to
maintain its air power in position to discourage anybody from even
thinking of attacking us. In the last war we were spared the attacks
on our homeland which we made on the enemy. But new weapons
surely will let an enemy reach even the heart of this continent with
lightning swiftness in the not so distant future, and with the certainty
of more destruction than any that could be caused by lightning. The
hest way is to prevent any next war, because it would be too costly
for us, even if we won. The last war cost too much. It hurt us in
many ways as much as it hurt our enemies, and we hurt them
grievously.

While the armics and surface fleets and all the might of allied
nations could claim a fair share of the final victories against our foes
in Europe and in the far Pacific, it was air power that hurt them
most. In the European war, allied air power was mainly American
and British, and during the great offensive our Army Air Forces
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were predominantly the largest. Teamed with the gallant Royal Air
Force which had saved England during the German blitz, this allied
air power paved the way for the armies, and it reduced Germany to
ruins for the soldiers to overrun.

In Germany, according to the report of the Strategic Bombing
Survey in Chapter I, 3,600,000 dwellings, about 20 per cent of the
total, were destroved or heavily damaged, seven and a hali millions
rendered homeless, the principal German cities largely reduced to
hollow walls and piles of rubble, German industry “was bruised and
temporarily paralyred,” this last a very conservative statement, be-
cause most of the German factories were badly damaged ; for example,
only five per cent of the German gasoline and oil production capacity
remained, and the transportation system was knocked out for all
practical use, But it was a tough campaign, as shown by the facts in
Chapter 111 and the complete statistical tables on our AAT casualties
and losses in equipment, along with what the enemy received, which
will be found in the section Flying Facts and Figures,

Among the Allies, our American forces waged most of the air
war against Japan, and as the statistics show, Japan was as badly

- i

L. & Army jelaglio
THE ASURASA SECTION OF TOEYO
After our Army Air Forces had drenched it with fire bombs,
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L % Army jll'l.'l:lll
TORYO'S BUSINESS DISTRICT

Showing what kad been zecomplished by American bombers toward total destrac.
tion of the Japamese capital,

hurt as Germany. The Japanese cities were bombed and burned to
rithble, The munitions plants were ruined. Transportation was torn
up. Millions lost their homes. Like the Germans, the Japs were badly
heaten by air power, and they knew it months before they surrendered.
They hoped to save face by killing off several thousand Americans if
they invaded Japan; but the atomic bombs on Hiroshima amd
Magasak: gave them a perfect excuse to surrender immediately there-
after in order to save their own lives. Here too, air power was re-
quired to put the atomic bombs into Japan.

We came out of the total war with great losses, the official records
show, but they were nowhere near as great as they would have been
had we not been spared the time to prepare for the campaigns which
we won., We had the time to build up the equipment and train our
people to use it effectively. While the atomic bomb was the most
spectacular of the new and terrible weapons developed during the
war, there were many others which were used against our enemies,
and they are fully described in the following chapters, On the other
hand, there were many new weapons which did not get into action,
some of which remained on the secret list months after the war, That
was one of our heritages, the development of superior weapons, and
for the time-being, say for two or three years, we could maintain this
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scientific lead over potential enemies anywhere. DBut that would
avail us nothing #f the others should catch up with us in the scientific
race; il for example, they too should succeed in developing atomic
bomhbs, It was known that hundreds of German scientists and tech-
nicians were dispersed in other countries where they were encouraged
to resume work interrupted by the defeat of Germany, and Germany
had been working hard for vears to develop aircraft, guided missiles
and other weapons capable of striking targets thousands of miles
away. Her buzz bombs and rocket projectiles that hurt England
badly were only the beginning of things to come had our air power
not put an end to her program.,

Unlike all the other nations, with the possible exception of Russia,
we came out of the war much stronger than when we entered it. We
had better armies in the sense that they were the best equipped of
any in the world. We had by far the world's greatest navy in size and
strength. We had the world's largest and most effective air forces and

_U. 3. Army pholo
DESTRUCTION OF OSAKA, JAPAN

This waterfront area of Dsaka offers o sample of what our B-2y Superfortresses
did to Japan’s key cities during five months of heavy raids before the surrender,
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U. 8, Movy photo

JAPR SUICIDE BAEA BOMB

This was (e Jap's latest weapon against our advance. An explosive charge Alled

the nose and was discharged upon impact. A sucide pilot controlled the craft.

Rockets in the tafl seetion supplied propulsion. The bomb was launched from a
medium hombier.

all the other essentials to dominant air power which could make those
forees eontinue to Erow in size and strengetl. Im briek, we '-":I'I'L‘l'[-':l-‘“d.
victors from the greatest war in history capable of putting still greater
air power against anybody foolish enough to start trouble.

We still had more than 220,000 pilots in our Army and MNavy air
lorces after Japan surrendered. We had nearly 3,000,000 traimned
air force personnel skilled in the new things, hundreds of new things
from flying machines to radar and atomic bomb technique. We still
had more than Bo,000 first elass warplanes, including more than 15,-
000 transports, and more than 100 aircraft carrers loaded with over
4,000 combat planes. We had left more bombers of every type and
more first class fighters than all the rest of the world combined. We
had possession of sufficient auxiliaries, too, such as munitions, food
and clothing supplies, gasoline and machines—all this at a time when
the rest of the world was short of everything.

We came out of the war with the experience and knowledge born
of 2,646,555 sorties made by our Army and Navy air forces during
which t]“:_:,.' hael druppcd more than two million tons of bombs on
enemy targets and had destroyed more than 55000 enemy planes in
combat operations—nearly 30,000 in the European War and owver
25,000 in the war against Japan.
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We came out of the war knowing that we could have ﬁccm“[ﬂfé_hl-ﬂ
evin more in some respects, such as putting stronger air power mto
the carly stages of the Pacific campaign, if overall strategy had nol
called for our sending huge quantities of equipment and supplies to
our allies, notably Britain and Russia. For example, the British re-
ceived 38811 planes from us, including 27,152 combat; and Russia
was given 14,717 planes of which 13.920 were combat. This of course
was part of the American air power had we wanted to use it under
our own flag. Only 35 per cent of our total war production was de-
wvoted to olir air power.

We came out of the war with the fastest, highest-powered and
most devastating flving machines in the world. They represented
manifold improvements over the very good planes with which we
entered the conflict. Yet some of our most outstanding equipment
was not necessary to victory., Our planes already in the field helped

m— e = .

= -

. 5. Mavy photo

. &5 NAVY AIR ATTACK ON JAP BAGSE

Our plames attack harber and shore installations at RKure, Honshu, The sky is
filled with flak and smoke from buming ships and bufldings.
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to bring about the enemy’'s collapse before the new machines were
moved into the combat zones. We also had even more powerful
planes either entering production or in the prototype stage. Uur air-
craft industry had achieved miracles in design and production that
were the envy of friend and foe alike the world over. From July,
1940, to August 31, 1945, the American airceraft manufacturers
turned out one bateh after another of improved warplanes for a grand
total of 2039359 planes, and each succeeding batch proved more ihis-
tasteiul to the enemy. It added to the confidence of our air forces,
and was one of the factors creating efficiency. Our aircrew personnel
hecame even more skillful and daring and suecessiul with each month
of war, while that of our enemies on both sides of the world deterin-
rated until few of them could be enticed into combat,

There were many other factors which brought us out of the war
with the greatest air power. We had enough manpower in technicians
and skilled labor. The youth of America provided more than enough
airmen in a profession requiring the utmiost in health, intelligence,
courage amnd mechanical aptitude. That fact also offered convincing
evidence that we could send our air forces into any corner of the
earth without much opposition.

Cn the other hand, if we could take pride in what we had built up
and what we had accomplished, it was tempered by the knowledge
of our losses, Clur human casualties were high, but not 50 numMerous
as had been anticipated. and a very larpe percentage lieel oecurred
here at home during the early stages of training, a tragic loss that
could have been kept at a minimum had onr vouth been as familiar
with aircraft as they were with motor cars, Our Army and Navy air
forees lost 27,179 planes on combat missions alone, which proves that
even successful aerial wariare i3 no pienic, Ouwt of the total of 150,182
planes received by the two air forces, 73,050 were destroyed, wrecked
or damaged beyond repair. While our casualties in men and plancs
were only two of the many debit items in the costly business of waging
war, they serve to show that much can be saved by preventing war.

Better diplomacy and better understanding between nations ulti-
mately may maintain world peace; but the last war is too recent for
Americans to depend altogether on the future good will of other
Governments. Even now, as this is written in March, 1946, all the
others are making as much scientific progress as their individual
resources permit ; and none has divalged the slightest idea of relaxing
efforts to build up air power.

" Meanwhile, our air forces have been shrinking with the inevitable
demaobilization of the armed services. Our production of equipment
was shrinking long before the end of the war, Our aircralt plants, for
example, had their peak production year in 1944, when they turned
out more than ghooo warplanes, a production, incidentally, which
was three times that of Great Dritain and more than double
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Germany's. Here contracts for 75,000 planes were cancelled in 1944
and 10945 becanse our losses in Europe were less than ER[M¢"-'!‘_I_!1"'
Gernwan air forces had been defeated and their production machme
was crippled—and in the Pacific we had shifted largely to long-range
bombers to strike Japan, and there attrition was lighter than 0
Europe. After the war, go per cent of the 1046 production program
was cancelled. At the present time, fewer than 35,000 planes areé 01
order for both the Army and the Navy, However, when they arc
delivered. they will be the latest and best planes in the world.

As these hundreds of pages will show, the United States is not
lagging behind the rest of the world in design and invention, Pro-
duction models of our warplanes have crossed the United States in a
little over four hours, New fighters are coming off the assembly lines.
Much larger bombers and transports have heen developed, and some
of them already are in the air. There are almost as many top secret
planes and guided missiles now under development as there were
during the war. Proof that odr air force leaders are not resting on
their laurels won in the thick of battle will be apparent in the coming
months when new planes, new missiles and new electronic equipment
will indergo iantastic tests, with still more fantastic things to come.
Gen. Henry H. Amnold, shortly before he retired as commander of

; ; . _
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the Army Air Forces early in 1940, stated that “we can be certain
that the techniques and materiel of armed conflict with which this
war was begun were in most cases outmoded when it closed. The
necessity for continuous and organized scientific research will not be
questioned by anyone who in the slightest degree is familiar with the
course of war. By a tremendous acceleration of effort in our Inbora-
tories, our universities and our armed forces, we have arrived at the
van of scieptific research, Yeta 'pﬂ-te:nl:iﬂl aggressor can cateh up with
us in two years, and if we lag, can outstrip us in four. Security against
such means of aggression as atomic weapons hurled thousands of
miles straight into our cities and our industrial centers, at speeds so
fast that we cannot even see or hear them coming with our human
eyes and ears, rests wpon our ability to take immediate offensive
action with overwhelming force. The next war will start only when
an aggressor believes that the United States cannot ward off the firsy,
sudden and paralyzing blows. Therefore, to keep the peace, our
purpose must be to make our air powdr so strong that we never will
need to use it."

Our postwar air power, it is agreed, must embrace five main com-
ponents in order to be readily available and effective. Combat force
is first, of course, The Army Air Forces under their new commander,
Gen. Carl Spaatz, have reorganized into a postwar strength of go0,-
ooo. Gen, Ira C. Eaker, deputy commander, has explained some of
the vital principles of this reorganization which are extremely en-
couraging. It was decided after the surrender of Japan that a rela-
tively small air force could not be a good one unless everyvbody in it
wanted to be there : 8o the AAF demobilized all those who wanted to
leave the service, at the same time calling for volunteers. The result
WEHS Imore ﬂu‘_m enough volunteers. Pergotinel requirements  were
met long before the due date of June 30, 1046. Several times the
required number of officers made application to remain in the service,
At the same time, our air force leaders believe that for several years
to come, probably 10, the long-range bomber will be the main air-
eraft for our air defense. The largest bomber we possessed was
necessary to carry the atomic bombs and drop them on Japan. Long-
f"ﬂ“E'ﬂ_b'm'lbL‘l‘E provide launching platforms for smaller machines,
including radio-controlled planes and guided missiles. Long-range
bombers with globe girdling characteristics may hurdle shorelines and
penetrate the heart of an enemy’s war effort, his munitions industries
and the sites from which he launches his guided missiles against us.
The Navy meanwhile continues to rely on its large and small carriers
in the same way that the Army relies on its bombers, and with
justiﬁr_'at:im: considering the remarkable work of our fast carrier
task forces in the last war. They made the island hopping program
on the long road to Tokyo a fact instead of a strategist's dream.
The Navy also is reorganizing its aviation to the maximum extent
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contemiplated in the overall postwar program. It is providing for
intenge technical developmerit and the training of sufficient aviation
reserves to maintain its full share of our air power. The Army Air
Forces alzo will have their reserves in the Air Reserve and the Air
Wational Guard set up in all States.

The second component of our peaceful airpower is freedom of
the air consistent with national sovereignty, freedom to fly out across
the continents and seas on experimental and training flights and
scientific missions, and freedom of the air for an international air
patrol under international law.

The third factor of air power is the continued expansion ol our
domestic and international air transport systems which grew to such
huge proportions under the necessity created by our participation in
global war. The new equipment being prepared for our air transport
network is almost as revolutionary as our new air force equipment.
In all the cssentials of desipn and performance, of course, it comes
frome the same laboratories and factories. whether 1t 15 mreeaft,
navigational aids, automatic pilots or loran and radar,

The fourth requirement for a healthy air power is a strong.
progressive aircraft manufacturing industry kept busy producing
enough machines for all purposes and developing the machines of
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B-29 JET-ASSISTED TAKE-OFF

The use of jet propulson gives the big bomber a boost that enables It to get off
much shorter runways,
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L. 5. Army pnolo
ROCKETS FROM A THUNDERBOLT
A Republic P-gr Thunderbolt lnunching rockels apainst heavy surince instullntions.

tomorrow, The reconversion of the manufacturing plants from all-
out war effort to peacctime production for civilian aviation as well
as the moderate requirements of the Services is one of the greatest
accomplishments in the history of American industry, The last
several chapters describe the activities of the individual manuiacturers
in complete detail.

The fifth component of our air power is the further expansion of
aviation for the use of the American people, in more transport
iacilities, in private flying and other non-scheduled operations and in
the widespread education of American youth in all flying activities.
The chapters devoted to those various branches of our civil aviation
explain the phenomenal progress being made at the present time,

Obwiously the development of air power in future will be far more
expensive than ever hefore because of the higher cost of hepvier
machines and the huge guantities of auxiliary equipment necessary.
As the speed of aircrait grows into the supersonic range, terrific
temperatures will be set up, not only in the power plants and in the
hadies of the atrcraft, but even the air il]."iil_l_l;'_' the cahins. M Very preat
amount of research and development must e carried on in metallurgy
ane Liil'l comtrol of hiﬂh temperatures before men and H'lﬂ'l:h'il'lﬂs. PRl
survive the high speeds of the near future, That is only one of the
ncreased cost factors. There are countless others, The Army and
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Mavy want three hundred million dollars for aviation research and
development alone. The problem in the future, if the Government
:!l'l*!'|'-'|5-‘i a 'I'I'!'I]'i.f:'.' ol COOTHMTIY 1 nl:L'!i:]irE'f OnEey, will be to h:l;t:]r the
public convinced of the need for air power expenditures on a scale
commensurate with the requirements of national security.

Most of the civilian branches of our air power, it is believed, can
b l_l‘-i“ll'_ self-supporting eventually, except for airwavs, some other
suriace fcilities, the aids to navigation and maintenance of the re-
serves, which will require some public funds.

Air transportation will pay 1ts own way eventually, at least as
much as the railroads and ocean transport, if there is the right kind
of Federal and State legislation. It cannot be taxed into poverty nor
regulated into the status of a poor relation to the older forms of surface
transport.  Private flving, too, can pay its own way under the right
conditions, > -

Line of the hest ways to help defray the cost of our aviation is
the development of our export markets for all kinds of aviation
products. Thap js an axiom long realized by other nations and it is

U, 3, Army photo
FIRE BOMBES THAT BURNED JAPAN

The smaller 1io.eallon droppable tanks being flled with "“fre jelly" preliminay
b & H-zg9 mid on Tokyo,
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in the postwar programs of all that have made such plans. The Air-
eraft Industries Association of America reports a ready market los
our products stimulated by our display of aviation efficiency during
the war, the global operations of our air transport services which
familiarized the whole world with Americans, their machines and
the things they flew into the various countries for war purposes or
relief, The AIAA reported that 2z foreign countries already had
placed aircraft orders here by the first of the year. Fifteen toreign
flag airlines had ordered o1 new transport planes. Twelve countries
were represented in the purchase of surplus aircraft, mcluding 8o
transports and 31 trainers, Char mannfacturers of light and other
personal planes were assured a growing list of customers abroad
after they had satisfied the domestic demand. Nine countries haod
received Export-Import Bank loans partially for purchase of aviation
products. The Export Service of the Aireraft Industries Association
carried out the policies set up by an industry commitiee of foreign
trade experts, cooperating with the Federal and foreign governments
in plans for the development of that interpational trade, and it
promised soon te become an important item in maintaining a healthy
aircrait industry, the keystone of the whole structure of American
aviation,

NEW POWER PLANTS FOR NEW SUPERFORTRESS

‘The Bocing XB-44, prototype of the B-so Superfortress, with its interchangeahle
powerplant nacelles, Is powersd by Pratt & Whithey 3080 hp, Wasp Majors.



CHAPTER 11
TECHHNICAL PROGRESS IN AVIATION

Epochal Developments a Heritage from the War—Giant Airerafit—
New Power Plants—Jet Propulsion—Improved Metals and Other
Materiale—Standardization of Parts and Accessories—Reduc-
tion in Costs—Contributions to Safety—New Things to Help
the Private Owner—New Instruments—Expansion of Avia-
tion Electronics—The Story of Radar—Development of
Loran—Cooperation Between Government, Industry
and Science—Awards for Special Contributions to
Aoviation Progress,

NDER the stimulus of the war effort. remarkable progress was
made in the technical development of aeronautical equipment,
and nowhere onearth were there greater facilities for conm-

tinuing that work in order to keep the United States abreast of other
nations in the air. The laboratories and test plants still were intact.
The same keen minds that had brought forth so much which proved
superior to similar creations of our enemies still were available; and
after the war, they were bent on developments that should, in part at
least, prove useful in a world at peace. Manv organizatiofs were
working in that direction,

The following explanation of technical research and developments
in aircrait and auxiliary equipment—in language that the layman can
understand—was prepared for this edition of the Aircraft Year Book
by Ivar €. Peterson, director of Techmical Service, Aircrait Indus-
tries Aszociation of America.

The recent advances in hmw Elil"[:ﬂ[l:ﬂl: dESEEH are rcpn:—sr_ntﬁ] by
stich airplanes as the Consolidated Model 37, the Republic Rainbow,
the Douglas C-74 and the Boeing C-gy. These designs are the cul-
mination of years of design and development. The C-g7, and its
passenger-carrying sister, the Stratocruiser, are built around the B-29
wing design with the juselage much enlarged over that of the bomber
version to provide room for cargo and passengers. The double deck
structure is an innovation in design which surely will attract consider-
able interest. The C-74 follows the usual Douglas design pattern but
is considerably larger than any of its commercial predecessors. While
it was originally designed as an Army cargo airplane, commercial
versions will follow as the DC-7 series. Consolidated’s bid ir! the
heavy aircraft field goes all the way in size. Its Model 37 is a com-

a5
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THE DOUGLAS C-74 GLOBEMASTER

mercial version of the XB-36. This 204 passenger land plane will be
230 feet long and has a wing span of 182 feet. In service across the
Atlantic it is designed to carry seven tons of mail and freight in adedi-
tion to a full complement of passengers. Aside from its enormous size,
a conspicuous feature of the Model 37 is the pusher propeller mstal-
lation. There has been much discussion on the pros and cons of pusher
propellers, especially regarding the absence of slipstream effects. Ap-
parently Consolidated bas found the arrangement to he satistactory,

The Republic Rainbow transport will follow clozely the lines of
s military prototype, the XF-12 reconnaissance design. Such a
transport will represent an adventure into the 400 miles an hour range,
the first announced commercial airplane to hoast such speed. Out-
standing features making this speed possible are close attention to
aerodynamic detail and the powerful compound engines—\Wasp-
Majors with double superchargers, utilizing jet thrust from the ex.
haust. For sheer size the Hughes huge flving boat surpasses anything
ever before attempted. To have a boat of such size built entirely of
laminated wood makes it a doubly stupendous undertaking. It is
doubtiul if this method of construction could be applied economically
to such a project on a production basis, but credit should be given for
having attained an acrodynamically smooth surface which has been
difficult in metal structures. While the Lockheed Constellation was
flying before 1945 it seems appropriate to mention it again hecause it
was put into commercial operation late in the year. The flyving econ-
omy of the Constellation is a source of considerable satisfaction to the
airline operators. Much of the work connected with heavy aircraft
has been in the nature of continued development rather than any radi-
cal steps which have characterized some other phases of airplane

progress,
In the reciprocating engine field, developments were announced of
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umits with greater than 3,000 horsepower and with horsepower weigit
ratios less than one. The Allison V-3420 was announced as the first
hguid cooled aircrait engine of greater than 3,000 horsepower. Thas
unit was installed initially in the “flying laboratory” XB-19 bomber,
and found application in a number of iImproved hghter and mterceptor
desipns. The Army Air Forces revealed a new development by Chrys-
ler Corporation of a 16-cylinder liquid cooled aircraft engine in the
300 E1l-F.—u'|'\-: e class w |Ii|.'|.'. 15 charactes ':..l:ﬂl 1!_'- = :’11.‘:-'i;.'|11 wl:-.'r-:in I|Il-'
power 15 taken from the center of the crankshaft, thus eliminating to a
large degree any ohjectionable torsional vibration. These developments
indicated that the liguid cooled engine would be a strong contender for
the future commercial transport market. Also announced was the
long awaited Praft & ! ntney Wasp Major, a 25-cyvlinder radial air-
cooled powerplant producing 3.050 horsepower. The umique constric-

tion of this powerplant comprised four bankz of seven eylinders, each
stagpered about a single crankshait. This powerplant has been in-
stalled in a new version of the YVourht Corsair and in new bomber
prototypes, It is scheduled to power all the heavy airplanes discussed
'||1.':'1.. s 1-.'1']| Az |-I;_|||.':|'.- still on the zecret list. '|"||:|.1 l.':|1§_:i|||_' ]||'|'-|h:|.|::||:|.'
approaches the power himit for internal combustion engmes of con-
ventional type, It seems certain that much greater increases in horse-
power will be obtained with other than reciprocating engines.

CLOSE-UF OF REFURLIC ARMY F.1: RAINEOW
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The Services announced a number of experimental engines, in-
cluding, besides those mentioned above, the 5.500-pound, 36-cylinder
Lycoming XR-7755 designed to develop 5,000 horsepower; the 12-
cylinder Lycoming X143625 for 2,100 horsepower with a weight of
1,445 pounds, and the Wright 42-cylinder 2160 rated 2,500 horse-

OWET,

; Coneurrently with increased power ratings of reciprocating type
engines came the announcement of improved turbo-superchargers. A
new unit announced by Wright Aeronautical Corporation introduced
a considerably smaller supercharger, about the size of a hat box, which
develops power sufficient to raise water to the height of a six story
building. Parallel with this development was the announcement by
refineries that special light weight lubricants had been developed to
insure safety of operation of the supercharger at all temperature ex-
tremes and at speeds heretofore unknown in the aviation field,

With the successful tests of the Douglas XB-42, came word that
several new combinations of pusher and tractor drive installations
were being developed by the industry, utilizing large extension shait-
ing and new types of reduction gear drives. The obvious advantage of
removing engines from aerodynamic surfaces through the use of these
extension shait drives may answer many problems facing the develop-
ment of large transport type planes. More than three years of ex-
tensive testing by Allison on remote drives, both single and dual
rotation, has proven the reliability and advantage of the “buried”
powerplant with remotely driven propellers.

iﬁii“ﬁﬂ[: advances in the gas turbine type powerplant, Cieneral
Electric announced two new turbo-jet models, one of which is used in
the Navy's Ryan Fireball, a carrier based fighter, and another of
increased power similar to that installed in the Lockheed P-8o Shoot-
mg Star. Units upwards of 5,000 pounds thrust were projected. West-
inghouse announced a small axial flow unit of only g%4 inches diame-
ter which developed around 250 pounds thrust at 375 miles an hour.
The Army Air Forces indicated that all future fighter and interceptor
designs probably would be based upon the use of turbo-jet or propeller-
jet units or some combination thereof. The Navy had announced
plans for two new carrier based aircraft powered solely by turbo-jet
engines. Plans for incorporating propeller-jet combinations in the
transport field were announced, and from all indications the possibil-
ities of utilizing the gas turbine for an aircraft powerplant were un-
limited. General Eleciric announced the development of a new gas
turbine with propeller drive particularly designed for use in long-
range high altitude operation. With improved combustion chamber
design and development of new high temperature alloy materials
promised within the next few years, the "jeﬁ" may give the conven-
tional engines competition in all phases of military aircraft design, as
well as some branches of the commercial field.
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In the heavy plane held other imporiant advances have been made ;
for example, power operated controls. The larger aircraft, of course,
have control surfaces with vastly more area than small planes. The
problem of moving such suriaces with suffcient rapidity to give ade-
quate control requires g least a “power boost” system. In zome of
the larger craft the ]rlllrl s effort will be 20 small l..l.:-r:1]1'|n.'4| to the {orce
required that the surfaces may be congidered power operated. It is
anticipated that full power-operated controls will be used in the near
future, Notable advances have been made in autopilot design, espe-
cially useful in heavy aircrait, Certain autopilots are equipped with
auxiliary controls which may be used to fly and even land the heaviest
airplane -.-.-ith no more control force required than can be [mt in with
one finger. At least one of these has an automatic trimming control
which I“-'"“'” extengion of [ia[n ard |l'!'|1|!.'|;:il gear without the neces-
sity of operating controls or turning of tab wheels by the pilot. Such
developments can do much to relieve the complexity of flying our
larger multi-engine airplanes, Continued development of brakes and
tires has been necessary to keep pace with the requirements of larger
and larger loads. The main tires on the XB-36, for example, are 110
inches in diameter and weigh 1,500 pounds each.

An event of -.:cl:'|.=1"c11:-'ﬂlf1ftl1 importance in the design of heavy air-

TAIL OF THE ARMY DOUGLAS XB-ja2

Shewing Curtiss Electric dual- rl.'-t.J.L1|.'lI:| peopellers,  The aicliner wversion of the
XB-g2 is the Douglas DC-8
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. 5. Mavy photo

BEYAN FR-1 NAVY FIREBALL FIGHTER

It §s jet-pushed and aircooled engine-pulled, nnd it Dies fazt on elther engine. Here
the Firchall is flyving with propellers feathered and stiill.

crait has been the development of 735 aluminum alloy. This alloy
raises the available yield strength of aluminum alloy from 4o to 65
thousand psi in one angle step. The full importance of this factor can
be realized only after actual design work has been done with the new
material. However, in a large airplane now under construction the
welght saving 15 measured i thousands of pounds. The 755 material
is more difficult to form than 245, and requires an age-hardening
process ; but it is worth all the troubles many times over.

Fuel problems still exist, especially in the operation of heavy air-
planes. In the laboratories of the National Advisory Committee for
Aeronautics studies of fuel are being conducted with just about equal
emphasis on reciprocating and turbine engine operations. High alti-
tude operations during the war, especially bombing missions of the
Superfortresses in the Pacific, have created a problem of gasoline
vaporizing with substantial losses. As altitude increases, the fuel tends
to boil and feam and a Superfortress mission, for example, can lose a
good many tank car loads of gasoline by vaporizing in a matter of
minutes. Several solutions to this problem have suggested themselves
as a result of numerous tests, but the correct one has not yet been
determined. Fuel synthesis with high octane and triptane gasolines
blended is being tested with apparently good results for the triptane
mixtire.

Among the fuels for jet engines, kerosene is better than gasoline.
Yet tests by the National Advisory Committee for Aeronautics have
imdicated that napthalene is in some ways superior to both other
types. As NACA research progresses, a very high density fuel may
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be found so that the heat energy carried will be higher for the cubic
space that is available for fuel. This space is somewhat more re-
stricted on a jet plane than on a conventional design, the jet’s higher
speed operation calling for thinner wings, which eliminates the sub-
stantial wing tanks possible in conventional craft.

The best jet fuel found to date on a pounds per cubic volume basis
iz alpha methyl naphthalene, an aromatic. It is said to give 30 per
cent greater range than types now in use, but still presents problems
in the form of smoke and vaporization at altitude.

Many problems appeared only after the toughest kind of combat
gervice, under the terrific strains to which fiying equipment was sub-
jected on extremely long flights with heavy loads, often in the worst
kind of weather. The war brought these problems to light, and their
solution will be of the greatest benefit to postwar aviation. For ex-
ample, the AAF asked for a study of the problem of cooling the ex-
haust port on large radial engines used on bombers. This study was
needed because of the number of failures occurring during bombing
missions, overheating frequently melting down piston walls and dam-
aging valves, Following careful tests of such overheating, the NACA
recommended addition of about three ounces of metal per cylinder or
about 414 pounds for an entire engine, This permitted heavier cylin-
der head walls which, in turn, reduced the heat on top of valves by
200 degrees F. Valves were found to run muoch cooler with larger
stegns. Another such problem, to which a solution was found in the
NACA laboratories, was icing of the induction svstem through entry
of sleet, snow or moisture in the mirscoop. As entry was directly
through the scoop, NACA engineers designed an under-cowl installa-
tion which was protected from direct entry of freezing moisture, In-

THE REPUBLIC ARMY P-3; JET FIGHTER
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THE DOUGLAS NAVY BT:Di1 DIVE BOMBER

sicde this scoop there were upper and lower channels separating moizs-
ture laden from lighter, desirable air. It almost eliminated that type
of icing, according to NACA, and was estimated to be about 20 times
more effective than the conventionally designed airscoop.

The Douglas BTzD-1 dive-bomber for the Navy came out with an
application of fuselage dive brakes. With less than 8o per cent of the
brake area previously required, the equivalent retarding effect is
achieved, in addition to important acrodynamic advantages. The first
large land plane to be equipped with reversible pitch propellers, the
Consolidated Vultee B-32, has a combination of aatematic multi-
engine synchronization and reverse thrust propellers. The Curtiss
electric propellers embodying these features are 16 feet, 8 inches in
diameter, DIy means of the automatic synchromzer, constant speed
operation of all the propellers is obtained by manipulation of a single
contral.

The heavy curtain of secrecy surrounding the metallurgic miracles
which have made possible jet propulsion of combat aircraft was lifted
ever so slightly when Fred K. Fischer, Wcs-ﬁttghuus: engineer, told
the Electric Equipment Committee of New England the name of one
of the wonder metals. It is, he said, “a new, nine-element alloy, called
K-42-B. Its quality of toughness at red-hot temperatures of 1,200
degrees FF., and its resistance to the centrifugal stresses which try to
pull the speeding gas turbine motor apart with a force equal to 50,000
times its own weight, have played a large part it bringing gas turbine
engines to the practical stage.”

Development of the Northrop retractable aileron promises to be
of importance in both the heavy and light plane field. The ailerons
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operate upward and out of the wing, well in front of the flap. This
permits the use of full gpan wing flaps, which in turn, reduces landing
speeds and the need for long and costly air strips for heavy aircraft.
The Northrop Black Widow was the first airplane to incorporate ré-
tractable ailerons and full span flaps.

The prozpect of jet-propelled and turbine driven transports is pos-
ing a problem for the landing gear designers, because the thin wings
and small nacelles of these airliners of the future provide no space into
which the main wheels can be retracted. As a result, some companies
now are experimenting with unconventional types of gear, and one
company has come up with a solution which is reported not only to
meet the retraction problem, but also to effect considerable weight
saving and to open up new possibilities for the use of multiple landing
gear. Sweeping wings back at angles of 6o degrees or more may pro-
vide the solution to the compressilnlity problem at supersonic speeds.
The fio degree angle distributes the shock waves at a mach number of
2. and an even more pronounced sweepback may achieve the same
results at higher speeds if these are found necessary to penetrate the
compressibility burble.

Transmission of propeller power from liqmid cooled engines sub-
merged in an airplane’s wing or fusclage, by means of an extension
shait, appears likely to become increasingly important in large air-
plane designs of the next few. years. Most interesting recent exam-
ple of the extension power shait used in a new design is the Douglas
XB-42 bomber and the DC-8, commercial version with identical
power arrangement. Elimination of engine, nacelles and propellers
irom the wings makes possible maximum aerodynamic cleanliness,
wing efficiency and safety of operation, saving about 25 per cent of
the total drag of the airplane. The engines on the XB-42 are Allison
V-1710 liquid cooled power plants having a take-off rating of 1,820
horsepower with water injection. They are located just aft of the
pilot’s cockpit in the fuselage and are connected to the dual rotation
propeller reduction gear by steel drive shaits. Five-foot lengths of
Shﬂ.h]ﬂg are I\inged at each jﬂin‘t h}" Elﬂi]—hl,‘_'ﬂ.t'ing supports which pro-
vide for air load deflections of the fuselage. Each propeller is inde-
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pendently driven and either propeller can be feathered when desired.

For the last five years, therc has been very little ‘IE'-"-']'JI““'-“}T i
the light plane field, insofar as design was concerned, hecause of the
emphasis on combat machines and the limitless production programs
taken on by all aircraft companies, large and small. However, the
research results ohtained on war prnTJl-':mE Hm|ﬂ|.l.h|:m][y will Tue ap-
plicable to light planes, )

Phileo has announced its intentions to continue the development
of its VHF radio and navigation equipment for the private operator,
Algo the use of radio controlled light planes for familiarization solo
fights is a design possibility for the immcdmts! future. The day when
the student pilot will be able to get into an airerait, have the control
tower take him off, after which he assumes control in the.air, and
then returns control to the tower for landing, is closer than most peo-
ple realize,

There will be an increased use of flash and spot welding as a
means of getting the price down on postwar private aircraft, These
techniques have only limited military application because of their non-
adaptability to field repair, but in civil aviation this will be overcome
by making factory-built replacement assemblies available at even less
cost than the normal feld repair job, Hepublic Aviation Aircooled
Motors is studying the possibility of equipping the Franklin engine
for fuel injection to eliminate carburetor and carburetor icing prob-
lems. A pusher type propeller, and an unorthodox “bicycle-type”
landing gear feature the V]-21, a new two-place light plane now being
developed by Jarvis Manufacturing Co., Glendale, Calif,, for the per-
sonal aircraft market. Most unusual feature of the V]-21 is its land-
ing gear which consists of a single fixed main wheel located two inches
in front of the most forward CG position and partly enclosed in the
belly of the fuselage, a three-inch steel nose skid, a steerable amd full
swavel tail wheel, and two small manually retractable wing wheels
which swing down to support the wing for taxiing. According to the
designer, a builder and flyer of sailplanes, this single wheel arrange-
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ment has been wsed previously on gliders and makes it practically
impaossible to ground loop. In addition it eliminates the drag of the
conventional fixed gear with long struts.

In the realm of high speed design the one outstanding factor has
been the development in jet engines. It is a foregone conclusion that
our higher speed aircrait will be jet powered. The advancement in jet
ehpines has been very 1'ﬂ|_'|':|.1. Lrli:l :_'I:gilll."-_u are attractive to the airplane
designer from nearly every standpoint. “LThey adapt themselves better
to streamlining ; the fuel is relatively safe; the engine controls are
potentially simple, although there are problems of burner blow-out
and danger of burning tail pipes. The fuel is more dense than gasoline
and hence occupies less space. The attachments to the engine are
gimple, allowing quick engine chanpes. Jet engines lend themselves
to submerged installations, but the problem of insulating structural
elements from the high temperatures has ereated problems. There
have been some acrodynamic refinements in the realm of high speed,
with emphasis on airfoil design and attempts to develop smooth skin
wings.

FRATT & WHITHEY WASPF MAJOR TEST
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LOCKHEED SHOOTIMNG STAR REFUELING

The record flight of the Lockheed P-Bo Shooting Star from Long
Beach, Calif., to La Guardia Field, New York, carly in 1946 illus-
trated the trend in high speed, and it was done with jet engines com-
hined with modern design and a smooth skin wing. The distance of
2,470 miles was flown non-stop in 4 hours, 13 minutes and 20 sec-
onds—zEB4 82 miles an hour, clipping nearly an hour and a quarter
from the previous record. The top speed during the flight was esti-
mated by the pilot, Col. William M, Councill, at 660 miles an hour.
Altitude during the flight was generally between 35000 to 41,000
feet. A glass-smooth “piano"” finish added greatly to the plane's over-
all speed and performance. To attain that surface, rivets were cut and
surface ground. A zinc chromate primer was applied. All butt joints
were cement filled, and flexible joints were covered with organdy
mesh tape. A surface was applied in preparation for the paint, which
was baked on in special ovens large enough to hold the entire plane.
Light sanding and buffing followed. A specially developed wax was
sprayed on and polished. Aerodynamicists are now talking of wings
with thickness ratios as low as 75 per cent. Structural engineers wince
at such a fgure but may have to accept it-and start a new trend in
structural design. German data seized at the close of the war is bheing
carefully scanned for new ideas, and some uselul acrodynamic infor-
mation has been gleaned. When finally corroborated by American
tests this data may lead to new avenues of advance toward higher
speeds.

Mo attempts to use rocket power for piloted aircraft have been
announced although there is no reason why such designs could not be
made. Indeed at least one rocket powered “flying mock-up” is known
to have flown successfully. Perhaps the greatest accomplishment in
the high speed field is the erasing of the imaginary line which many
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prominent engineers had drawn at the speed of sound. This line was
.-!._'-'. uu,:' 1} |{"|L|-|";-.1'|I. the mEs L -E-l.|.|1 .L[L"L'.--'l"l.l‘:-]i in ai 1'|.1.l.|'_ “I;ll.

“practical” limit some 20 per cent lower. This practical limit has
been exceeded by several airplane desipns and it s now realized that
it is l.JIIi:l.' within the realm of immediate possibility to design airplanes
with nc:.«.u..b powerplants capable of flights well into the supersonic
Targe. An HTIpOTLa nt Ls¢rman ..I.,'.,“_.. iment was the use of :-:-'.'.'L'I:_':J'E:lrtl:.':.-:
in the wings to prevent l.'l:'.'ljlll...'\-hullll..'l_!- citects on the '-.'-.il1g'.

The new transports coming out soon may obiain increased speed
by the same general method uwsed by military aircraft during the last
five years, that is, by the following related steps: a. | e 'i-~1|'-5-.-|*t-'-'-1'1
|:|:|_|'|i|:!_|r |T||~. PeEr ]'|.|:-. i i ]|i.!::§'.l.1' Wiang i T L N | B "l." Wl S_J'l'[ e
ried n the fuselage, per aquuire {oot of cross section o
obtained partly by wing sections
permit greater center of gravity range fore and aft. The net result is
much greater thrust per square foot of flat plate drag arca.

'~|.'|'L"'l: /- I

- = R
:I1|'\l'|- Sy a1

INSTALLING NORTHEOP RETREACTABLE AILEROM
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CONSOLIDATED VULTEE B-zz BOMBER
Omne of {ts major charncleristics was the 32-ft. high tail,

Deserving special mention, insofar as its cffect on inereased speeds
for new transport aircraft is coneerned, is the elimination by the Civil
Acronautics Board of the Bo mile per hour stall speed limitation that
up to the present time has been included as a requirement in the Civil
Air Regulations, Part o4, This requirement in effect controlled the
wing loading of commercial airerait, which in turn is directly related
to speed. Its elimination was one of the most significant developments
during 19435 in the commaercial airplane feld.

The cruising range of transpgrts and the amount of payload cor-
ried has steadily inereased with each new, larger airplane model. (Cpr-
tain limitations, a combination of safety and structural, have played a
basic part in the increases which have ‘been attained and which pre
possible in the immediate foture.

The payload of an airplane can be limited physically by avaijaple
cabin space, and in the interest of safety, limited 5tru-u:-tum|'|}. by a
ERL I pcrmisaib]e take-off weight and a maximum Permissible
landing weight, the latter of which is usually less than that Permitted
for take-off because of higher structural loads being imposed iS5 e
sult of landing acceleration and impact.

To illustrate the trend of design advancements as Measyrad by
larger, higher speed aircraft, several transport versions useg bt
Army Air Forces Air Transport Command are listed below fnr};m“}
parison. From the following chart, it is apparent that the peyer,
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larger airplanes can operate at considerably greater distances and with
much Iarger payloads than the prewar equipment. ’

Their eificiencies can best be observed :||::full_g|1 their load CATrTVINg
rates or carrying power. Increases in carrying power are a result 4-]'f
the designer’s success in creating airerait with cargo-carrying capaci-
ties larger in proportion to the weight of the aircrait alone. The allow-
ance of provisional maximum loads for take-off beyond those ap-
proved for landing, further increase the carrying power of the aircrait,
but extend the distance at which maximum carrving power is attained.
Accordingly, the carrying power for distances less than that at which
the maximum is reached, is reduced, and the usable load increment
thus involved either must be |."-:|-|"L1t'|.'|i:-||.' (fuel) or go unused.

Xax IMstance
Moz, Carrying (ALl

Ramge Parirer T kick
Max. Afiaa. (A iles) {Ton Mnx.

Take-nff Landing Aeerage (Wing Ailes C. P.Is

T . Epeed Fuel prr Obtaimed)

Arrerafi {Ihs.) LT --:.-.ir-.'.-. } el 3) Haur) (Milex)
Ceg7 (DCa3) LR ] 26,000 18 1 300 j20 135
C-87 (B-24) s Cun 52 ,0M) 215 SR 10125 1225
C-53 (DMC-4) LT R 2313 000 ] 550

C-6g (Constel-

|F AT e ] Hir 250 T, 000 280 L] a0 ] 1580

MNore: ]E“i'.':".l.l.'l:‘": haseel PO sarme madditions for cach onse,; :i-l.'.. L me .".I-ti-t'";ﬂﬂr
wind, percentage power and reserve foel. Co54 and C-60 weights have snee
increased.

While a definite distance can be established, as indicated above, at
which the earrving power of an aircraft is maximum, it has been found

U, 5. Army pnoue

ROBOMBS LAUNCHED FROM PLANES

Showing n Flying Fortress with a rolomb slung under each wing, ready for launch-
ing from any designated point in the adr,
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THE MAVY MABRTIN MAULER

The new BTM torpedo-bomber produced for the U. 5, Mavy v The 1:31I.'I1|1 L.
Martin Company

that there is considerable latitude in either direction from that point
still allowing from &3 to go per cent of the maximum carrying power
but at distances varying from one to several hundred miles, Thus it
is apparent that payload is not seriously effected by trip length.

A further comparison on distance limits can be made between the
prewar and present transports. The former have operated at distances
at which payload was limited by take-off gross weight, whereas the
latter will operate at distances at which payload is limited by cabin
volume. This is the most sipnificant difference between the old and
new type of transports, and establishes how the planes can be operated
most economically as well as the type of powerplant required for the
greatest earning value. In the older airplanes, operated at longer
ranges than for the newer maodels, long-range cruising, at low horse-
power and low altitudes was the optimum type of operation for maxi-
mum payload. In the newer airplanes, which will be operated at dis-
tances in which payload is controlled by cabin volume, a constant
cruising power equal to the maximum permissible for the engine used,
at the highest possible altitude for the engine and airplane, will be the
most economical. :

There have been three important changes (during 1945) in the
transport category airplane design requirements, Part o4 of the Fi'u'i'l
Aidr Fegulations, that will permit an increase in transport Crsing
range and payload capacity. These can be enumerated as follows: 1—
Elimination by the Civil Aeronautics Board of the arbitrary 8o m.p.h.
limitation on stall speed of transport aircraft (85 m.p.h. limitation for
purely cargo aircraft also was removed), s—Elimination of the arbi-
trary 115 per cent limitation on the amount by which the take-off

R T T S
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weight of a transport aircrait can exceed the landing weight. (This
was allowed only when provision was made to dump sufficient fuel in
it specified time 1o bring the weight down to the T:‘H'I.tﬁng “’Eig’ht.} 3—
Revision of the mancuvering load factors required for design pur-
pOscsE,

With reference to item (1) above, the stall speed requirement
elimination means that payload no longer will be restricted by landing
weight due to high landing speeds. The recent activity of such manu-
facturers as Douglas and Lockheed in I:u:u'.tstmg the gross weight (and
pavioad) of the DC-4 and Constellation is due directly to the stall
speed elimination. Under the old rule, aircraft such as the Boeing
C-gy and Consolidated Model 37 would have been worthless for com-
mercial purposes, Empty, they landed at speeds approximately equal

BELL RADIO-CONTROLLED P-zg

Planes In the radio remoie control of aireraft project, developed by the Air Tech-

nical Service Command nnd Bell Aircraft Corparntion, are picturcd hese. Both are

fet-propelled P-59 Adracomets with the contrelling Dight statlon, alie known as

the “mother”™ ship, shown at the top, :l:|'|.-|!I the controfled or “robot"™ aireraft the
lowntr plane.
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THE GRUMMAN NAVY FjF TIGERCAT

to 80 m.p.h. Under the new rules they have great promise. Wing
loadings for new transports will ‘contimie to inerease. For a given
cruising speed, the airplane with a low wing loading requires more
engine power and therefore more fuel than one with a higher wing
loading, This subtracts from the net useful load, It has been stated
that wing loading and aircraft operating efficiency are synonymous.
Wing loadings and efficiency no longer are hampered by the stall
speed limitation.

With reference to item (2) above, the take-off weight of new
transports will only be limited by structural strength considerations
and not by an arbitrary 115 per cent in excess of landing-weight fac-
tor. This is tremendonsly important from a payload standpoint, which
load can be increased to any amount, provided (a) structural strength
is not exceeded (b)), fuselage capacity or volume is sufficient and (c),
provision for fuel dumping down to the landing weight, in case of
emergency, 15 incorporated. (This assumes, of course, that the mini-
mum performance and flight characteristie requirements are met.)
This increase in load can be fuel to increase the range greatly, if so
desired,

With reference to item (3} above, the increase in payload possible
is not quite so direct as in items (1) and (2). The maneuvering de-
sign load factor, which was formerly calculated from an arbitrary
formula invelving weight and engine power, now has heen changed to

I e L T & | DI S e—
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a flat 2.5 limit value. This is lower than the previous factors for air-
planes below 50,000 pounds gross weight. In addition, however, a
40 feet per second pust factor has been imposed as a new requirement
which covers the condition of an airplane encountering a gust while
flying close to the stall speed. The net change is that high wing loaded
airplancs of the future below 25000 pounds gross weight will not be
required to meet as high load factors as in the past. The difference in
weipht resulting can be put to fuel to increase range, or cargo to in-
cresse payload.

The costs of aircraft engineering and production form a subject in
general so complex, and the influencing {actors so nebulous, as to pre-
clude the possibility of stating any hard and fast rules for determining
comparable engineering and production costs of all arcraft. Attempts
have been made by some companies to develop emparical cost formulae
based on certain parameters, some even involving asrodynamic and
performance factors. None, however, have seemed to replace the gen-
eral rule (for production costs) of so many labor or man hours per
pourd of aircraft structural weight,

Structural weight, rather than empiy weight, has become more or
less standard usageé m determining production costs of aircraft due to
the established practice of manufacturers quoting prices to the Army

HigH ANGLE
‘:‘.:'ﬂ .-'El:':l[ En

o
PR N
THE TELEVISION-CONTROLLED BOMB
The Roc, developed by Dauglas Alrcrait and the Alr Techndeal Service Command,
AAF, was equipped with a television comera through which the bombardier could
watch the farget, and guide the bomb to it by moving the drcumventing wing
by rodio contral,

Ay [Rigan
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and Mavy for airframe only, that is, with engines, equipment and in-
struments not included, since these items are Government furnished
on military aircraft. There is no reason, however, why empty weight
could not ‘also be used as the basic parameter since the weight and
cost of the engines, propellers, ete., remain an approximately constant
percentage of the empty weight and completed aircraflt cost respec-
tively. Labor costs for installation of these items are relatively small.

Production cost of a model 15 normally determined by using the
rooth airplane as an index figure. In other cases it is based on the
middle airplane of a production contract ; for example, the 150th air-
plane of a 3o0-plane contract. It has been found from experience that
as the number of aircraft produced (of a particular model) is dou-
bled, the cost per unit is reduced to So per eent. This is generally
accepted, and is called the “eighty per eent curve.”

Production costs of a typical military pursuit ship run about five
labor hours per pound of structural weight, based on the 10oth air-
plane. For commercial transports, the figure is about three and a half
labor hours per pound. In dollars this would be $15/1b. for pursuit
and $10/lb. for transport. Again it is emphasized that these values
are dependent upon the number of aircraft produced. The differential
in production cost for a pursuit and a transport airplane is due largely
to two items : a—the difference in accessibility or room-to-work dur-
ing fabrication; and b—the necessity for installing so many more
gadgets, fittings, lines and armament on pursuit aireraft to accommao-
date military equipment, guns, amd special eontrols,

Manufacturing costs are largely dependent upen the particular
materials employed and the fabrication problems encountered. The
advent of thin or low-drag airfoils for high-speed aircraft has in-
creased construction time required due to less accessibility provided
for the shop personnel to work. These low-drag wings also have
added weight because the decrease in moment of cross-section inertia
has required more material to carry the bending loads on the wing,

The change-over from 245T aluminum alloy to the higher strength
755T also has increased production costs. New tooling is required,
forming and working processes must be revised and shop personnel
retrained. For example, the dimpling and bending characteristics of
755T and 245T are vastly different and require different techniques,
It is a painful and costly process to get into production with 2 new
material.

The matter of integral wing tanks also has increased production
costs because of their own unique problems. Care with which the in-
stallation must be made and joints sealed have increased the man
hours. This also complicates the installation of contral cables, hy-
draulic and electrical lines hecause they must be routed around the
integral tanks in some fashion. Advanced radio equipment installa-
tions also have increased production time required because of the
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structure added as fittings and support, and the exactness with which
the components and lines must be mnetalled to eliminate or reduce the
noise level. Companies are experiencing tremendous difficolties and
time delays in tracking down troubles that sometimes are found to be
caused by what previously had been considered insignificant factors;
for example, wire lengths cut to precision measurements.

On the other side of the ledger, there are certain construction
practices that tend to reduce the overall production time required to
build an airplane. The trend toward use of constant cross sections,
such as in the fuselage of the Consolidated Model 37 and the Boeing
C-g7, makes fewer part types due to interchangeability. Similar ef-
forts are being made to reduce the number of left and right hand parts,
which practice the Germans adopted early in the war to increase pro-
duction. Also the increasing size of the various sections and com-
partments of the airplane makes for greater accessibility, thus facili-
tating construction.

With the emphasis that has been placed on roominess or accessi=
bility, the question might arise as to why the production costs of large
airplanes of a given type cost more per pound of weight than the
smaller ones. The answer is simply in the quantity produced. The
passenger capacity of a large transport, for example, means that there
will be fewer purchased to handle a given volume of business., Fur-
thermore the 8o per cent curve for production costs does not hold true
when the quantity is increased, say, from three to six or from five to
10 airplanes. LThe larger the quantity the more accurate this "Bo per
cent rule” hecomes. A comparison in produection costs between the
Douglas DC-3 and the Boeing 377 illustrates that point.

Type Wi Ewmgpiy Cast Costfib,
DC-3 16,600 1hs. § 125000 % 7.5
Boesing 377 5,000 Iha 1,230,000 19.2

A hnal factor that cannot be evaluated, but which has a great
effect on production as well as engineering costs iz the morale of the
company personnel involved. Costs are proportional in some degree
to the elapsed time spent in getting o new model into production. The
importance of the personnel morale factor cannot be over-emphasized
in this regard.

Engincering and development costs of new models are difficult of
comparison because this work does not stop when the model is ready
for production. Further, the cost is affected by the innovation of new
or untried design features which might, in the end, cost millions of
dollars but produce an unsatisfactory airplane. Such costs then
become research costs although engineering in nature. One manufac-
turer spent $122,000,000 as of 1044 in developing two current bomb-
ers, one a heavy four-engine type and the other a superbomber. An-
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MeDOMMELL NAVY 2-JET PHANTOM FIGHTER

other company, which specialized in fighter types, spent no less than
$155000000 on development costs up throwgh 1944, One famous
fghter plane which was in action in Europe and the Pacific necessi-
tated an expenditure of only 35,000 engineering man hours up to the
prototype stage, but Afty-three times as many engineering man hours
in later improvements and maodifications,

In view of the high costs of engineering research and develop-
mient, it is apparent that the Government must continue to appropriate
ample funds for that work, if the United States is to keep abreast of
other nations in the air. The Senate Military Affairs Committee
which considered a national research program was given additional
details about aireraft development costs from R. E. Gillmor, viee
president of the Sperry Corporation, on behall of the Aireraft Indus-
tries Association. HMe said in part: “There is a wide-spread impres-
sion that the chief effort and greatest cost in developing aireraft oceur
during the initial stages of product research leading to and including
the design and eonstruetion of the first model usually ealled the proto-
type. Let us see if this is true. One of our companies spent a total of
Sr.777.311 and 526,000 engineering man hours to bring a Aghter
plane through the wind tunnel and prototype stages. But it expended
more than three times this amount in money and man hours for pro-
duction engineering to develop this model and incorporate improve-
ments to meet maximum P'.".fiﬂl'l'l-'l[“'l-cﬂ TEI]_UET'-'-““'-'I“E-.

“The preponderance of engineering time and money necessary to
maintain the development of an airplane or engine after prototype is
further illustrated by these examples: One Navy fighter plane cost
309,000 engineering man hours before prototype, and 2698000 cn-
gineering man hours afterwards, This particular airplane underwent
15,000 individual minor design improvements during its production
and service life. One Navy scout plane cost 370,000 engineering man
hours before prototype, and 8oo,000 engineering man hours after

ol
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prototype. It took 315,000 man hours and 8 500 separate mginﬂ_ﬁng
drawings to place the first of a famous model of medium bomber into
the air. Better than hali-a-million man hours and 11,000 drawings
were employed to keep this bomber superior to comparable enemy
aircrait,

“Take another example, The NACA laminar-flow wing was an-
nounced at a time when one of the manufacturers was coming out with
a new fghter plane. It was decided to incorporate the laminar-Aow
wing in this plane, and approximately 40,000 man hours of engineer-
ing efforts were expended by the aerodynamic and engineering
departments to adapt this new airfoil to the design. The task of in-
corporating the airioil constituted over 15 per cent of all of the en-
gincering time expended on the new plane.”™

The following table showing the direct engineering hours of an-
other member company on two planes, one of which first flew in 1939,
the other in 1940, demonstrates conclusively that engineering develop-

ment is a long continuing process:

Total Dirvect Engincering Man Hours

Year Bomber Fighter
1635 piHge ..
1640 320415 131,562
1041 419,060 151,054
10442 693455 465,436
1943 7h1,213 815,657
T4 Ay 773574

In the changeover from production of military to civil aircrait,
the all important questions of costs and methods stand foremost in
the consideration of new design: this s further amplified by the
highly competitive aircrait market and the aieline operators insistence
on the ease of aircrait operation and mamtenance. The knowledge
gained during the war emergency in the maintenance of military
combat and transport aircrait will greatly influence the trends in the
industry., The logistics of supply, a paramount factor in military
aircraft operation, has a parallel in civil aircrait, particularly so
with regard to airline maintenance. Likewise in the past the personal
plane operator has experienced maintenance difficulties in procuring
adequate spare parts locally ; and the high costs of such parts, due to
their design peculiarities, have applied to the many and varied models
of each individual aircraft. The lack of interchangeability of similar
parts is a cause for the high cost and inadequate stocking of mainte-
nance E-I'.E.TEE..

One answer to the problem of cost reduction and ease of operation
and maintenance of aireraft is standardization. Dy improving the
design with an objective toward increasing the utility of components
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and individual parts, a net result in cost reduction and improvement
in procurement follows, Increased utility of the part or component
resulting in an increased demand creates a greater source of supply.
thereby establishing a competitive spirit among the suppliers. This
competition tends to improve the quality and reducé the cost of the
part. .

In the present trend in transport design, a direct application 10
improvement toward this end can be noted in the use of constant
fuselage and wing sections. This application reduces the number of
unlike members within the particular aircrait, resulting in simp[lﬁ'
cation of tooling and manufacture, Considerable attention is being
given to the climination of the number of left hand and right hand
parts, thereby increasing the interchangeability of parts and com-
ponents. New development in welding and forging as applied to
landling gear struts has reduced machining costs and weight, and has
increased overall utility of the part. Consideration 12 being given 10
the standardization of wheels and tires on individual aireraf, .‘-'.m'ﬂr:‘ﬂ
new designs employ wheel and tires of the same size on the main
landing and nose gear. The net result of the new design trends 15
reduction in the types and numbers of parts and components required
for stocking as spares.

During the last yvear the National Aircraft Standards Committee
has sponsored a number of projects which had as their objective the
improvement of design and utility and the reduction in the cost of
manufacture and maintenance of naterials and parts. Notable among
these iz the light plane standardization program which has heen
established for the development of standards and interchangeable
parts. The NASC is copmizant of the desires and needsz of the pnrﬁl.‘-lnﬂl
plane operator.

The aim of the NASC in this respect is to further the standardiza-
tion in construction and to increase the distribution and stocking of
standard parts so that they are accessible to the light plane uscr.
Since it is not economically possible for each airport to maintain
stock of parts, it is proposed that the manufacturérs maintain cmnplfl'r-"
stocks on a regional basis.

The NASC has undertaken the standardization of ground servic-
iﬂ:g' connections both on a nabional and international basis, This prﬂj'
ect is being carried on with the assistance of the government.
industry, the airlines, parts manufacturers and other national and
international agencies and professional standards socicties,

A noteworthy achievement of the NASC is the recent release of
the fourth edition of the catalog of Aluminum Alloy Extrusion Dhies
which was prepared and assembled by the project spongor, The
Glenn L. Martin Company. This edition of the catalog inecludes
dimensional and die number information regarding a total of 10,021
dies. It represents a comprehensive and vigorous study of more than

o LN S, E—— I S e e ‘
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three years on the aluminum alloy extrusion study program. As a
war emergency expedient, the various editions of the catalog served
i tremendonsly valuable purpose in listing available extrusion dies
and providing means for exercising control over the large number
of diea developed during the war. It further served to assist in
alleviating the critical shortages of extrusions which were threaten-
mg a breakdown in the aircraft production program. As to the
future value of this catalog, there can be no question of the usefulness
of the tabulated information which it contains. The progression of
extrusion design in shape and detail characteristics will be of con-
siderable assistance to the designer of new extrusions, as well as
serving as a guide to all interested in the selection and use of extru-
SIS,

The research developments that have occurred during the war
vears (reported elsewhere in this summary) will, in some cases, have
application in the personal aireraft field. The result should be an
increase in utility and performance and a decrease in cost of operation
and maintenance. Aside from purely research developments, however,
there were a number of important happenings that will effect personal
aireraft.

Up to the present time the design requirements specified in the
Civil Air Regulations have encompassed both transport aircraft and
personal airerait in the same document. The manufacturers’ Ajr-
worthiness Requirements Committee of the Aircraft Industries Agsg-
ciation considered it urgent and eszential that the design requirements
for these two aireraft types be completely segregated and placed in
individual documents, Unless this was done, the cost of personal air-
craft would continually increase over a period of years as the design
requirements for transport aircraft became more complex and ra-
tional. The ARC recommendation to the CAB and CAA was sub-
stantiated by these 13 reasons:
1—Cme book, or separate Parts, for each of the two categories would
provide a more convenient reference source and less material tp
check to determine compliance with all provisions.
2—The basic philosophies governing the regulations for transport
and personal aircraft are different; the regulations are intended to
provide a greater degree of safety to public passengers than for the
private operator who assumes some degree of personal responsibility,
3— Transport requirements will continue to become more rational and
complex and the personal aireraft manufacturers feel that with the
present arrangement in CAR o4, the complexity will be carried
automatically over to the personal aircraft requirements. Example:
Unsymmetrical flight loads and control surface loads (if rationalized
for transport what happens to personal aircraft?)
4—Regulations in general are arrived at by a compromise of the
various factors which are involved; these sometimes being contry-
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U. 5. Army paote
MNORTHREOP GLIDER BOMB
One of the mdis-controlled guided missiles developed for the Army Alr Forces,

dictory or conflicting in nature. Consideration of both transport and
personal aireralt simultaneously for the sake of arriving at a general or
common requirement usually incréases the number of factorz in-
volved, makes a decision more difficult, and oiten results in one or
the other category being penalized unjustly.

5—When changes to a common requirement are being considered,
they must be reviewed in light of the effect upon both transport and
personal airplanes. Although desirable for one category, the change
may not be satisfactory for the other, thus causing complete rejection
of the proposed revision.

O—Designations consisting of lettered paragraphs are now used - to
differentiate hetween categories and strength classes. However, when
two paragraphs temd to read somewhat alike, a strong tendency
exists, for purposes of simplification, to eliminate all differences and
combine into a single requirement. This may not be in the best in-
terests of both categories, transport and personal aircraft.

7—ARC activities also have illustrated the need for separation. Trans-
port and personal aireralt subcommittees studying independently the
game problem often arrive at very different conclusions, based on
their group desires. In these cases, the separate transport and per-
sonal aireraft decisions are made without too much arpument. How-
ever, these individual conclusions are rarely found acceptable to the
other group, and when complete agreement is desired, it is found
that some alternate solution wsually must be adopted. Universal
requirements are not always best suited for every type of aircraft,
It is similar to the old saying, “Jack of all trades and master of none.”
B—>Structural requirements for trangport and personal aircraflt may
not, at present, be too much different. However, there is recent
evidence to indicate that the performance requirements for the two
categories (as desired by the industry) are not similar in form or
content.
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O—The present trend seems to be to put matertal affecting design in
the operating rule regulations. This is still another argument for
assembling and segregating airworthiness design requirements per-
taining to each airplane category. (At least cross referencing is de-
sirable.)

1o—Although CAR o4 now contains so-called commeon or general
n:i|u:1'i.!1'.r.'|:t5 it is noted that CAB and Safety Regulation Releases
are often issued as proposed modifications with a stipulation regarding
applicability to enly one category. This confuses the picture.

11— Manual material, interpreting regulations and presenting accept-
alile methods, soon will have to distingmsh between very large air-
planes {say 300,000 pounds gross weight) and personal aireraft (say
1,200 pounds gross weight). Items in certain computations that can
e neglected in #mall airplanes may be wvery important for larger
structures and the same methods or procedures may not apply.
12—\When it is necessary to phrase requirements in such a manner
that they are applicable to all types of aircraft, that is, non air
carrier and air carrier, the wording 1s apt to become so general or
vagre that it is necessary to make constant interpretations and policy
ritlings in the administration of that requirement.

13—Ii it were not for the existence of the aireraft manuiacturers, the
airworthiness requirements would not'exist. The manufacturers are
the only group that works directly with the airworthiness require-
ments and for whom these requirements were specifically written,
Under such circumstances it is extremely difficult for the manufac-
turers to understand or to recognize any argument that is presented
in opposition to the unanimous recommendation of the industry for
a complete separation of the transport and personal aircraft require- -
ments,

The ARC recommendation was approved by the CAR with the
result that the transport category requirements are contained in CAR
04, and the personal aircraft design requirements in CAR o03. These
new and revised documents were issued in November, 1945,

Following another joint ARC-CAA recommendation, the Board
established an aircraft category system which will increase greatly
the utility of personal type aircrait. The basis of the previous maneu-
vering load factor requirements involved trying to guess the nature
of operations for which a particular airplane of a given horsepower
and gross weight would be used—obviously an impossible task. In
view of the difficulty of anticipating the pilot’s handling of the air-
plane, it was recommended that it appeared logical to set up a
balance between operations and design requirements, i.e., to establish
operational categories with a constant load factor for each class,
I{I‘lﬂ'wing the limitations of his airplane, it would be the operator’s
I'watmtsihilitf to insure that the operation limitations were not ex-
ceeed,



52 THE AIRCRAFT YEAR BOOK

Under the new category system just established, an airplane can
be certificated for one, two, or three classes of operation, i.e., normal.
utility and acrobatic. Appropriately higher design strength factors
are specified for these classes and operating limitations (that is.
maneuvers permissible in each class) have been set up to guide the
aircraft owner. Increase in aircraft wtility is achieved by the category
system. For example, assuming that a particular airplane has been
certificated under all three categories, with an acrobatic permissible
gross weight of 2,000 pounds, this same airplane could be used for
training purposes (smap rolls not permitted) at a gross weight of
2,712 pounds, and for long-distance conservative flying operation at
a gross weight of 3,157 pounds, If the airplane were characteristically
incapable of spinning, the latter gross weight could be boosted to
3,430 pounds. Such a system provides the maximum utility for
operation based on the structural strength inherent in the airplane.
The category system also has the advantage of a—Conforming more
closely with foreign practice, thus facilitating reciprocal agreements
for export purposes, b—DPermitting the owner to change engine power
without requiring a reanalysis of the aircraft structure to be approved
by the CAA, c—Permitting the manufacturer to design and anld
aircraft intended for special or unique operations and still obtain an
NC certificate.

A further regulaticn change effected, at the recommendation of
the ARC, was the increase in permissible stalling speed of from 63
m.p.h. (suggested by CAA) to 70 mph. This represents a slight
in¢rease over the previously allowed 65 m.p.h. landing speed—this
being discarded as a performance parameter due to extreme difficulty
of consistent or accurate measurement. As a result, the wing loadings
of new aircrait models can be increased slightly with a resultant in-
crease in speed and range. _

FProbably the two most important factors that had in the past, and
that will continue to have for some time in the future, an adverse cffect
on the utility of personal aircraft are (a) weather conditions and (b)
airperts. Until navigational aids and instruments have been perfected
for the personal aircrait to permit reliable and safe operabion in
nearly all weather conditions, and at reasonable cost, the utility of
private planes will be limited severely, Reports on developments along
this line have heen encouraging.

The new civil air regulations also are different in that emphasis
has been placed on angle-of-climb rather than rate-of-climb, as was
the case previously. A floor value of 300 fpm. has been mmi;wd,
however, to overcome possible gusts and turbulent air conditions.
The accident records indicated that too many persﬂnﬂ] aircmﬂ.pilﬂ:’tﬁ
were trying to take off from very short fields, often resulting n
collision with obstructions at the far end that could not be cleared.
In such cases, the main criteria is a steep angle of climb and not a
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hugh rate of climb. Adoption by the Board of the ARC recommenda-
ton should do much to eliminate this type of accident that has oc-
curred frequently in the past. The best angle of climb must not have
greater than a 1 to 12 ratio and this angle, together with the corre-
sponding indicated airspeed, will be checked by the CAA and made
available to the private operator for his miormation.

Safety to the personal operator will be increased in the future as
a resuit of new regulations which will insure that he is informed of
the distances required to take off and land with normal piloting
technique and clearing the standard 5o foot obstacle. Manufacturers
are planning to expand upon this in their uirplﬂm: operation manuals
by listing these two distances for various altitudes.

Safety will be further enhanced through adoption by the Board
of ARC reccommendaitions on more rigid stall and spin characteristic
requirements. The manuiacturers are desigming new models that will
not spin and that will have safer stall characteristics. Two-control
aircraft or modified versions thereof are indicative of the general
trend in design for personal aircraft

Improvement in cockpit armangement and location of controls in
new models in conformance with conclusions reached by the National
Research Council's erash injury project will result tn less serious in-
juries to the aircrait occupants in the event of mishap. Some personal
aircraft manufacturers are employing safety engineers whose duties
it will be to investigate accidents involving the manufacturers' respec-
tive products for the purpose of recommending ways and means of
eliminating accidents and reducing injuries when accidents do oceur.

Design of simplified controls and ease of operation are receiving
considerable attention by the manufacturers to reduce the possibility
of “pilot errer” when a critical situation arises during fight.

There have been no outstanding developments in the last vear,
either in costs of aircraft engine operation or in cost of fuels, that
would provide a marked decrease in cost of personal plane operation.
The gas turbine developments look promising, however, and should
have direct application to the persomal plane field—resulting in
eonsiderably reduced operating cost of future models.

If anything, the cost of mamtenance for persomal aireraft has
increased during the war years, and it is still rising, Parts not only
have been unavailable but such items as engine overhaul, repair work
and incidental maintenance and storage costs have risen just like all
other commodities. Increased cost of mechanic labor probably is the
greatest contributing factor to this rise.

For purposes of mass production, many of the aircraft companies
are constructing all metal airplanes. While metal is lesz subject to
deterioration than fabric and wood, the problem of repair is consider-
ably more costly for the former in the event of corrosion or damage
from accidents. Equipment and facilities required for welding or
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riveting meial sheet and extrusions are far more extensive than the
pot of glue and pair of scissors required for patching fabric covermg,
Wobd repairs also are fairly simple and inexpensive, The most en-
couraging trend in lower eost of personal aircraft maintenance is the
project established by the AIA National Aircraft Standards Com-
mittee to standardize on Hght plane parts and components. Such
standardization will facilitate greatly parts stocking by dealers
throughout the country and, by volume production and use, will
decrease the cost of such parts to the personal airerait operator. The
NASC Light Plane Standards Subcommittee 13 making a complete
analysis of the entire airplane to determine which items can be stand-
ardized on by the entire industry without adversely affecting design
improvements or operating efficicncy. Other organizations such as
the Society of Automotive Engineers will play an important role in
this work in cooperation with the NASC,

In the feld of rotary wing aircraft, the helicopter has been sub-
jected to intensive development work by Sikorsky, Dell, Kellett and
G & A. Outstanding have heen their practical demonstrations of use-
fulness—all tending to prove their efficiency and versatility in all kinds
of weather and under the most adverse conditions. Their lomg record
for rescues in the various combat zones durmg the war, as well as in-
land and offshore here in the United States, definitely estabhished the
place of these hovering aircralt in patrol, rescue and relief work.
Crop dusting and spraying were among other activities in which they
demonstrated especial efficiency. Sikorsky helicopters had combined
records of more than 35000 hours flyving time. In Januvary, 1046, a
Sikorsky made a new altitude record of 21,000 feet and a speed of
maore than 115 miles an hour.

“Hoppicopter” was one of the new rotary wing devices, and the
CAA granted it an experimental license NX 31222, It is a one man
fiying machine wholly reminiseent of contrivances fashioned by
enthusiasts centuries before the Wright brothers invented the first
man-carrying flying machine, and suggesting, too, Buck Rogers amd
his flying belt; only this new idea involves a motor. The “hoppi-
copter” is strapped to the back of the pilot with harness resembling
parachute harness. A metal tubing framework supports the two-
evcle, two-cylinder, aircooled 2o h.p. engine that rests on the wearer’s
shoulders. The engine turns two counter-rotating two-bladed rotors,
which have a total diameter of approximately 13 feet. The device is
uper—a,ted by a single control stick which is suspended, inverted, in
front of the wearer-pilot. The throttle is operated by turning the end
of the control stick. The device weighs about 100 pounds.

Of primary interest in the instrument field was the announcement
by the Services of various types of radar and electronic equipment
used by the air forces during the war. Such things as radar-equipped
gun sighting and Aring mechanisms, radar-controlled pilotless planes
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and many other similar developments were announced and gave some
indication of the type of purely antomatic devices which soon will
guide our flying. The Army announced this year that the develop-
ment of gpaided missiles and similar airborne weaponz would be under-
taken primarily by the aireraft manufacturers in conjunction with the
Armyv and  Navy air forces and the ondnance departments of both
Services. At the same time the Services announced various types of
weapons which had been developed and used to a limited extent
during the war. These announcements gave promise of a number of
commercial applications for mail and freight delivery for these pilot-
less weapons. With the advent of the jet engine, there was consider-
able hope for the use of compressed air for boundary layer control
and wing de-icing in new aircrait designs. Progress on this equip-
ment, however, has not gone beyond the stage of preliminary develop-
ment at this time.

Developments in the field of electronics will have tremendous in-
fluence on commercial and private flving. Writing on aircraft electric
systems in Western Flying magazine, Francizs 5. Nelson and G. C.
Close made these comments: “Electronic applications in aireraft have
developed in true perspective since the outbreak of World War II.
Though the technical principles of many applications are still a
military secret, enough has been revealed to indicate the important
status that will be occupied by the vacuum tube in postwar commercial
and private flving. To date, the greatest stress on electronic applica-
tions has been to increase safety during flight. A long step has been
made in this direction. The increased safety so far achieved derives
both from electronic navigational nids such as directional beam
transmission and radar, and from safety devices such as electronic
flame detectors and ice indicators. Electronic flight instruments
have proved reliable and promise much in reducing flight hazards and
climinating errors in flight control, Another innovation indirectly
contributing to safer flight is the development of electronically oper-
ated automatic flight controls. The gyro-pilot, turbo-supercharger
control, propeller feathering mechanisms, control surface compen-
sators and similar devices, not only assume a portion of pilot responsi-
bility, thus allowing more time for concentration on other flight
duties, but are instrumental in eliminating the ever-present danger of
human error. Development of the rotary power amplifier with its
ability to boost the output of an electronic amplifier to motor control
proportions has stimulated the application of electronics to major con-
trol functions. Electronically controlled landing gear, cowl flap actua-
tion and cabin pressure control installations have been tried and
proved successiul. The servo motor with its compact size and light
weight, in conjunction with an electronic amplifier, offers almost
unlimited possibilities in the held of electronic control,”

Also of significance is the development of jet assisted take-off
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The JB-2 robomb and its cradle on a mobile launching ramp 49 feet long and
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units in which a number of rocket tubes are installed on EfJIJ’r‘i:“ﬁUl_ﬁ'-'
aircraft, both land and seaplane, to permit take-offs at greater capacity
than heretofore have been possible, Improvements in this field pomt
toward comsiderably higher pay loads for cargo aircrait. .

An electronic control stick for heavy four-engine bhombers, which
moves like the stick control of a pursuit plane but by means ol
electronic amplification and the servo motors of control surfaces, has
been announced by the Air Technical Service Command, It is de-
scribed as a pistol-gripped lever, 10 inches long, mounted with an arm
rest beside the pilot, and especially designed to diminish pilot fatiguc
on long missioms. It makes possible the same results with a one-ponid
pull on the stick, which the pilot and co-pilot formerly had to obtain
with one hundred pound force on both hand and foot controls.

An “engine performance indicator” has been developed by Coai-
solidated Vultee research engineers which gives warning of impending
engine trouble in multi-engine aircrait, This new type indicator, a
rectangular metal box holding the instruments, is installed adjacent
to the carburetor, and measures the distance right or left to which
the engine is displaced when the propeller is rotating. If the engine is
functioning normally, the instrument actuates a gauge in the pilot’s
compartment. This gapge shows, with great accuracy, Teowr much
horsepower the engine is putting out. If the engine begins to operate
improperly, the gauge needle oscillates accordingly, and a warning
light flashes on the pilot’s instrument board, giving him time to cut the
engine and feather the propeller.

A new type water injection pump to provide the extra push needed
for fighters and bombers in take-off or combat emergencies has been
announced., The pump is designed to operate completely submerged
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m a tank containing a mixture of water and alechol, pumping: the fluid
mn a vaporized condition to mix with gasoline in the combustion cham-
ber to increase appreciably engine horsepower. The new design not
only saves space but eliminates the necessity of extra fuel lines needed
for the conventional type pump. A 27-volt explosion proof motor is
geared to the pump mechanism, The complete unit weighs six pounds,
four ounces, and has a capacity of 250 gallons an hour at a pressure
range of 10-40 pounds per square inch. The unit may become
standard equipment on virtually all aircraft using reciprocating en-
gines in the future,

An electronic instrument that makes possible the increase of bomb
carrying capacity by thousands of pounds and promises commercial
possibilities has been developed. It weighs less than 16 pounds and is
called the liquid level indicator. Tt is zaid to be accurate within five
per cent under extreme conditions of temperature, altitude and plane
attitude. This compares with at least 15 per cent error in most exist-
ing means of aircraft fuel measurement. With no moving parts,
bellows, gears, cams or levers to get out of calibration, the liguid level
indicator weighs slightly more than the present fuel measuring syvstems
in general use and operates from an infinitesimal electric current
passed through the gasoline 1:1.1:]1.'5."

The next step in the Sperry A-12 gyropilot, after tying it into
either a VHF or microwave radar set-up for automatic instrument
approaches and blind landings, will be a tie-in with the aircraft's
braking system to hold a straight track on the ground. Some airline
engineers believe that this can be done even more effectively by tying-
in with reverse thrust propellers.

A new type stall 1.1-..J.rﬁirlg device which can be used either as an
indicator alone, or in combination with a stall delayving mechanism is
covered in two patents recently issued to the late Edmund T, Allen
and Robert J. Minshall and assigned to the Boeing Aircraft Co. The
device differs from other stall warming indicators in that it is actuated
by “burbling” or a disturbance in the smooth airflow over the wing
rather than by the attitude of the wing, difierences in pressure, or
airspeed ; and its inventors claim that this not only permits it to in-
dicate incipient stalls during steep banks and other abnormal condi-
tions as well as during normal flight, but that m addition it can be
located anywhere on the wings or tail surfaces to detect the stall at
its starting point for each particular airplane. If there are several stall
starting points for different flight conditions such as power on and
power off, several indicators can be used, one at each of the critical
points. The indicating mechanism itself consists of a flap which is
held in close contact with the wing by the normnal flow of air over the
wing, but which pops up when the smooth normal airflow is interrup-
ted and stalling airflow is initiated. The change in position in the tab
closes an electrical circuit which in turn operates a light or some other |
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indicating means in the cockpit and warns the pilot that a stall is 1m-
minent, permitting him to take corrective measures. In addition to
activating the cockpit indicator, the same circuit can be used to open a
slot or operate some other stall delaying means automatically to delay
or counteract stall that is being approached too rapidly to be overcome
by the pi!l:lt's normal controls. In general the new device would be
located near the trailing edge, as stall conditions generally start at this
point and work forward to the leading edge, at which point lift ceases,
and the stall takes place. It can be used also to detect stalling condi-
tiong on the stalnlizer and other surfaces as well as the wing.
Making an entirely new approach to the problems of aircraft
brake design, Bendix engineers have developed a type of brake called
a “segmented rotor brake” as distinguished from the shoe-and-drum
tyvpe and from the usual multiple dise brake. The new brake offers
improved performance with these additional advantages: compact
construction permitting within-the-wheel application or with minimum
extension beyond the wheel; lighter weight; adaptable to a broad
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range of capacities to meet the needs of 2ll types and sizes of air-
planes; the need of less hydranlic displacement and less contact
pressure between the friction surfaces; simple adjustments made
from the outside without removing the wheel, or the option of fully
automatic adjustment to compensate for lining wear. It is pointed out
that the construction of the Bendix segmented rotor brake is such as
ta provide the compactness and adaptability of the dise type with the
added advantages of large heat absorption capacity, and heat dissipa-
tion from internal ventilation. The self-aligning, nonwarping charae-
teristics of the segmented rotors, combined with the segmented fric-
tion lining surface, give maximum friction effects with minimum
contact pressure. This in tum also Teduces the hydraulic displacement
and hvdraulic pressure needed for brake application. A remarkable
result reported is that water within the brake apparently has no ad-
verse effect upon its operation; even the presence of oil or hydraulic
fluid does not seriously impair its effectiveness or smoothness of
operation. In a recent test on a Navy fighter, a total of 200 landings
were made within 1350 flving hours ; during this time the brakes were
adjusted only twice. In another instance, dual shoe-type brakes were
removed from a bomber and a Bendix segmented rotor brake sub-
stituted. The new brake, which was of the two-rotor type, was placed
entirely within the inboard end of the wheel, eliminating all outboard
construction and at the same time saving 300 pounds in weight.

Reversed propeller pitch operation for retarding the airplane is
a development arising from war experience. While reversing opera-
tion of propellers is not new, either as an idea or as an accomplished
fact. it is relatively recently that opérators have felt it to be desirable.
As far back as 1935, Hamilton Standard satisfactorily developed and
flew a reversing propeller. It was not carried into production, how-
ever, becanse a demand for this type of function did not crystallize.
With the increases in airplane size that have oceurred since, a definite
. problem has arisen in connection with brake capacity for ground brak-
ing. Airplane size has, at least temporarily, outrun airport size: and
relatively large braking capacity is desirable. This increased braking
capacity can be provided most efficiently by reversing operation of
propellers, It also is desirable as a safety feature in the event that
wheel brakes become ineffective. Another development, which
received considerable attention in prewar vears and apparently
has been erystallized through wartime operational experience, is
automatic propeller synchromization. Heretoiore, operators, both
military and eivilian, have felt that automatic synchronization did not
justify the weight and complication involved. Experience, particularly
with four-engine aircraft, has demonstrated clearly the practical dif-
ficulty of achieving satisfactory propeller synchronization in order to
alleviate nervous fatigue of both the crew and passengers resulting
from the noise of unsynchronized propellers,
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Still another new development of importance is a new type of
hollow steel blade, designed to meet the increasing problem of
propeller weight. Minimum weight always has been of major im-
portance in connection with all elements of the airplane. Considerable
attention has been devoted to the problem of reducing weights of the
basic propeller, as well as other elements of installation, such az the
synchronizer. The requirement for larger size propeliers brought
about by the development of larger airplanes, as well as the increases
in engine power and operating altitudes, has served to emphasize this
importance. Also new to the propeller field are recent developments
in connection with control of propeller vibration, which indicate that
further reductions in weight of solid aluminum alloy blades may be
possible in the near future. Concentrated research amd development
on this subject has resulted in the practical application of vibration
ahsorption devices to propellers. In considering these devices, engi-
neers took into consideration the fact that the propeller blade, as a mass
of shaped material, must withstand both the steady loads imposed by
centrifugal force and vibratory loads resulting from vibration excita-
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tions. Any reduction in the vibration loads would make it possible to
meet even higher steady loads. Should the steady loads retain their
previous level, the decrease in vibration loads would make it possible
to reduce the mass of the blade. Although engine manufacturers are
devoting more and more attention to the suppression of vibration
within the engine, and many of the latest designs are excellent in this
respect, absorbers for the propeller are desirable to control residual
engine vibration excitations as well as to control propeller vibrations
arising from other sources, such as aerodynamic interferences. It is
believed that the ensuing years will see a wider and wider application
of vibration absorbers to propellers, and it is hoped that thfough this
means it will be possible to achieve further weight reductions.

Low cost flight instruments within wallet range of all private
flying enthusiasts are steadily becoming a reality. Most emphatic
statement about lowering the price of instrument panel equipment,
accountable for many dollars in the overall cost of a small plane, has
come from General Motors, which promises a complete postwar in-
strument panel on a mass production basis for only $75. Panel equip-
ment now ranges irom $300 to $400 for a small private plane. One
such cheap device, although new, is the "odometer” developed by
General Motors to sell for $10 and to replace the conventional log
book by automatically recording time flown in a given ship. The in-
strument already is being put to military use. Another stride toward
economy in instruments is being made by Lear Avia of California Inc,,
where a gyro pilot 15 bemng tooled to sell for about %100, W’lﬁghing
less than 25 pounds, the new pilot aid is said to be capable of perform-
ing all the dutics of heavier, more expensive gyro pilots, and is
powered by only 24 volts direct current. Space conservation also i5
highlighted in the development with only six inches being devoted to
the control box base, fitting it for use in small planes as well a5 possi-
ble utilization in larger crait.

Radio devices which may do just about everything except mop
a pilot's brow are promised the private owner as well as airlines.
The CAA is experimenting with radar in an attempt to develop: 1—a
screening instrument to permit an airport I:l.'frt!TEll operator to ascertain
positions of all aircraft within a radius of 25 males; 2—a collision
warning indicator, mounted on the instrument panel, to show proxi-
mity of other aircraft. Another idea is to set up a coast-to-coast chain
of transmitting stations of “microwaves,” super high-frequencies used
in radar.” This would make possible automatic reports to pilots of their
positions, and warning of approach to objects; and furnish airports
with glass maps on which lights would indicate the position of every
plane in their areas. Yes, this is a new day of miracles in aviation.

Radar was a major development of the war and one of the scien-
tific miracles that brought victory to the allied nations. It had limit-
less peacetime applications; but it remained generally a military
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secret until the defeat of Germany and Japan. Early in 1946, the
Army and Navy Office of Scientific Research and Development re-
leased these facts about radar during the war: “No longer is man’'s
vision limited by fog and darkness, by distance or clouds, for the radar
beam can give a visual indication of objects within its range as it
sweeps the sea and sky. Radar is an electronic invention. Its prin-
ciples were known, but never used to any extent until the war, Then,
the combined minds of the finest engineering talent awvailable in
government and industry produced a weapon that has received credit
as one of the most decisive instruments to bring about victory for the
United Nations.

“A radar system consists, in its basic form, of a transmitter, re-
ceiver and a common antenna. Pulsed radio energy, generated by
the transmitter, 15 radiated by the antenna. In the space between
pulses, the recciver is operating to detect any radio frequency energy
returned as an echo by reflection from some chject in the path of the
radar beam. These radio echoes then are converted into a visual
signal on the radar scope, giving a graphic presentation of range and
bearing. This process is repeated continuously, so an image renwming
on the screen at all times that any object is within range of the radar
beam.

“At first, the shortage of time and necessity for secrecy inter-
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tered with the free flow and exchange of information about radar.
It is true that there was full and mutual exchange of research accom-
plisliments between the British and the U, 5. Governments, but it
was mostly on the extreme top level of scientific research. The
majority of the men working with radar were limited to specialized
applications and often did not have any knowledge of radar develop-
ments outside their own fields. Interest in radio detection as a
military device can be dated from communications experiments car-
rieedd on by two eivilian scientists working for the U. S, Navy, Dr. A,
Hoyt Taylor and Leo C. Young. In the Autumn of 1922, they
observed a distortion or “phase shiit’ in received signals due to reflec-
tion from a small wooden steamer on the Potomac. The principle of
pulse ranging was first used in 1925 by Dr, Gregory Breit and Dr,
Merle A, Tuve of the Carnegie Institution for measuring the distance
to the ionosphere, which is the radio reflecting layer near the top of
the carth’s atmosphere. In the Summer of 1930, Dr. Taylor and Mr.
Young made the important obgervation that reflections of radio waves
from an mrplane could be detected. As a result, in November, 1930,
the director of the Naval Research Laboratory submitted to the
Navy Department a detailed report on radio-echo signals from moving

SIRORSKY ARMY R-z HELICOPTER
Showing load test on January 1o, 1ggi, when the R-5 GHfted o8 persons,
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olijects. Subsequently Mr. Young proposed that an attempt b mnasde
to get the transmitter and receiver into the same ship. After much
experimentation, a radar set, built at the Naval Research Laboratory
and operating on a wave length of a meter and a hali, was installed on
the 17.5.5. New York in December, 1938.

“The Army’s first pulse radar was designed as a complete anti-
airerait detector system at the Signal Corps Laboratories early in
1936. A radically improved form of transmitter tube was developed
later. A complete set demonstrated to the Secretary of War in No-
vember, 1939, showed a range of more than 100 miles against
bombers.

“Warking independently, the British had made a somewhat paral-
fel investigation. At the end of 1934, the Air Ministry had been so
impressed with the inadequacy of visual and acoustic means of de-
tecting the approach of hostile aircrait that it sct up committees for
the scientific survey of air defense. In 1935, in the radio depariment
of the Eritish National Physical Laboratory there was conteived the
idea that, because airplanes reflect enough energy to disturh radio
reception, they might be detected and located by an illl[.ll'ﬂ‘-'l‘-'ﬂ appara-
tus of the kind built to receive radio echoes from the ionosphere. The
demonstrations by the radio research staff held such obvious promise
that in December, 1935, a decision was made by the Air Ministry to
establish a chain of five stations on the east coast of England. This
was the first operational radar system installed anywhere in the world.

“At the outbreak of war all vulnerable areas on the south and
east coasts of Britain were covered. For effective defense, as the
Battle of Britain proved, it was not enough merely to detect approach-
ing aircraft and to know their distance. Efficient fighter interception
demanded three-dimensional location of the enemy—distance plus
direction and altitude—and an estimate of the numbers., Height-
finding was developed about the same time as the bearing determina-
tion hecame possible, by the application of known optical laws. DBy
comparing the strength of the received echo at two sets of aerials at
different heights above the ground, it hecame possible to determine
the height of aircraft.

“The first necessity after determining the position of an airerait
was to ascertain if it were hostile or friendly. It was obvious that air-
planes would give the same kind of electrical response whatever their
flag. Indeed, this was the problem—how to make friendly aircrait
continuously exhibit a difference from others in their responses. A
remarkable serics of British devices culminated in one giving coded
alterations of the returned echoes. These devices were known under
the generic term IFF (identification, iriend or foe).

“The large aerial system used for the British coastal chain could
not be adapted for naval or aviation purposes. As early as 1935, it
was clear that a deviee for fghter interception would have to be
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evalved, with aerials emall enough to be housed in the thickness of the
wing. Also it was apparent that for most naval purposes small aerial
systems, capable of producing marrow beams, would be essential.
Much intensive research was made imto the use of shorter wave-
lengths. At 1.5 meters, conventional radio transmitting tubes were
adequate to give the required pulse power, but no generator of waves
much shorter was known which gave more than about one per cent
of the power required. The problem of developing a generator of
microwaves was given to a research group at the University of
Birmingham, sponsored by the Admiralty. With the cooperation of
British industry, that group developed a practical form of cavity
magnetron, Electromagnetic waves no more than several centimeters
in length were generated successiully, at a power of many kilowatts.

“During early 1943, the bulk of the German bombers came in
very low, attempting to get under coverage of the long-wave radar
on which the Allies were relying. Five new American-built micro-
wave sets proved valuable in supplying coveérage against such low
planes. This was the first proof that microwave equipment had a
place in air warning, supplementing the original British and Signal
Corps long-wave radar, improved versions of which, however, played
a part in safeguarding Okifawa.

“A set named ASY (air to surface veszel) which showed the
presence of shipping was installed in RAF coastal command aircraft
in 1930. This was actually the first instance of airborne radar being
used in the war. By early 1941, the first microwave radar sets for
interception were installed in night fighters. During January, only
four German bombers fell to the British. The figure went up to 24 in
March, 52 in April and 102 in May, 1041. Losses became so great
that the Luftwaffe could no longer afford them. The night blitz was
conquered. This was brought about in the main by combined methods
of radar ground control and AL (air interception radar) in night
fighters.

? “A whole new technique of aircraft control was built up rapidly,
named GCI—for ground controlled interception. A controller on the
ground, watching the air situation on a special radar set, chose a
specific German airplane as a target, gave detailed course instructions
(termed ‘vectors') to the fighter under his control, and skillfully
maneuvered the fighter to a position one to three miles behind the
target, When this had been done, the fighter was instructed to *flash
his weapon® and the Al radar in the plane took over.

“Searchlights no longer were essential for discovering the enemy,
but in the Battle of Britain, and especially in the clear skies of the
Middle East, they proved very helpful to the pursuing night fighter.
Radar searchlight control (SLC or ‘Elsie’) put an end to inefficient
searching of the skies. When the order ‘Expose’ was given and a great
beam leaped across the night, it was on the target.
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e "F |','“1.:'|TI5 niosl dicaniy !11.";'!.'].|l]'!||I.ir.'l!ll!-—'.'l gun which zmannved
itseli and followed o moving target automatically and unerringly
in 1944 was the climax of the British Army's research into radar
applications,  1n the Umited States by mid-1943, a radar was de-
veloped in conjunction with the new electronic anti-aireraft fire con-
puter, These two devices, with the new power-driven and autonsts-
cally controllesd guns of the anti-aircraft artillery, gave the United
States the most accurate and poweriul local area defense against air
attack that the world had ever seen. Artillery radar at the end of the
wiat wis so accurate that its error was less than the ballistic error of
the guns. It meant that if the target was not hit *blind’ with the first
shot, it was the gun itself, or its charge, which was not quite accurate
—=not the aim,

“The Navy at sen was working out doctrines for integrating these
various types of radar for the defense of their task forces. The result
of their work was the ergtion of CIC—combat informetion center,
The purpose of CIC was to coordinate information—predominantly
irom radar, but also from lockouts, from other ships, and from techni-
cal deviges other than radar—evaluate this information and determine
what the enemy was doing. CIC grew and developed hand-in-hand
with shiphoard radar. In fact, it was originally called Radar Plot, its
functiom being just that—1to plot the movement of plancs amd ships
tracked by radar, and to direct friendly fighter planes to an mnterce]r
tion where enemy raids developed.

“Giving a clear picture of a whole convoy and its outlying cscorts,
radar was a tremendons help in station-keeping at night or in bl
weather., As operating skill grew, and the sets were improved, not
only could a clear picture of a eonvoy be obtained, but conning-towers
and periscopes could be “picked up® at great distances,  Indeed, any-
thing that was likely to ‘get in the way'—a big piece of wreckage, o
rock, another ship—zslwswed up e good tome,

“In 1943, several bombing aids were developed by the DBritish
from their ASY equipment, to mect the need for accurate hmnbing
through clouds. The "Hz5' set was a startling device which enabled o
navigator to see, on a cathode-ray tube screen, a picture in glowing
green spots and shadows comparable to a map of the area over whicl
he was flying. The signals shown .on all other radar sets were just a
distortion of a quivering line, "H25" showed at last a direct picture on
the PPI, or 'plan position mdicator.”

“In the United States by the summer of 1943, the first production
of the Army LAE (low altitude bombsight) was coming off the line.
LAD was desipned as an attachiment to radar on the one hand and
to the Norden bombsight on the other. When used from low altitude
against ship targets, it got one direct hit in three tries, even during the
training of the first crews who got a chance to use it. The prablem of
high altitude bombing was something else again, The availability of
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the microwave frequencies suggested that a set like the British BTO,
but with greater accuracy, could be built. The U. 5. Radiation Labo-
ratory, with a good deal of help from the Army and Navy, undertook
to build sets in June, 1043, “Mickey,” as the Eighth Air Force termed
BT, was in. A technique for coordinating the work of BTO oper-
ator and bombardier was worked oat. The radar operator went on as
il he were going to do the whole job, and the optical bombardier kept
his sight lined up according to the radar sighting. It meant that, if
the radar was right, the telescope of the Norden bombsight always
was kept pointed at the aiming point which was down there below
the clouds. The slightest break in the undercast which permitted the
bombardier to see enabled him to take over the run and complete it
optically. The system joined the best features of radar and visual
bombing, and made the bombardier and madar operator a team, instead
of competitors,

“Early in the war, the Dritish developed a new type of navigation
system which uvszed radar pulses, but which did not use the pulse
echoes. Each airplane was equipped with a special receiver which
enabled the navigator to interpret signals sent out by a ground sta-
tion. This was Gee-Radio, one of the most important of the new
electronic devices. It made possible extremely accurate position fixes
at ranges over 350 miles. Later in the war, a system developed by the
Americans, named Loran, was put in use. Loran demonstrated vastly
extended range.

“A number of systems were devised to make possible bombing
through clouds by using pulse mavigation, OBOE, developed in
March, 1943, required ground operators to guide the aircraft and
signal bombing. Tt was replaced by Gee-H, in which the navigator on
board the airplane controlled the equipment and worked out the mo-
ment for homb release. This in turn was supplanted by an American
svstem called Shoran which had greater accuracy and easier operation.

“Radar altimeters existed before the war, but they reached their
present high plane of performance in military service. Late radar
altimeters indicated automatically the height above ground within 50
feet at altitudes as great as 30,000 feel.

“Another major radar development was "Rebecca Eureka,” the
radar device used by the airborne forees. "Eureka’ was the name given
to small portable radar beacons or ‘racons’ which were dropped by
parachute with the first wave. “Hebecea' was a radar receiving set in-
stalled in gliders and troop-carriers which made it possible for subse-
quent waves to home directly to the drop zone”

Shortly before the end of the war the Civil Aeronautics Adminis-
tration asked the Army and Navy to lend them whatever radar equip-
ment they thought would be applicable to commercial aviation for the
purpose of further development. The Services shipped to the CAA
experimental station in Indianapolis, Ind., a sample of virtually every
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picce of radar equipment they had, some 10 carloads of it, and the
CAA began to work radar projects into its program. In this, as in
maost other activities at the experimental station, there was the handi-
cap of budgetary requirements. Every major project had to be justi-
fied before the Bureau of the Budget, and planning must always be on
the basis of the coming fiscal year. The delays occasioned by this
inescapable routine affected progress in radar development. Early in
1946, there were not enough engineers at Indianapelis to continue
radar projects already planned, and several pieces of important radar
equipment were stored in the station’s compound where they could
be protected by the small staff of guards in accordance with the in-
structions of the Army and Navy that they be under guard at all times.

Three major radar projects were under way. One was a distance
indicator which the CAA regarded as a most important development
for commercial aviation, It would make it possible to revise consider-
ahly the system of fan markers in use along the airways, perhaps even
to the extent of eliminating them entirely. The indicator worked on
the familiar radar principle of an impulse sent out from one point
which triggered a transmitter at another point. The transmission
from the second point was received at the first, and the time required
to complete the cycle was measured in terms of mileage separating the
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two points. Thus a plane would be equipped with a small radar trans-
mitter, and it would actuate another transmitter at a ground station.
The indication in the plane would be a simple dial marked off in miles,
and the pilot would know his exact distance from the point contacted.
A refinement of this method would make possible measurement of
distance separation in yards, which would make the indicator valuable
in mstrument landing.

An equally important radar application, and perhaps the first one
to be adopted commercially, was the scanning screen principle so
widely used by the Services. This would be installed in the airport
traffic control tower, and would be of great value to approach pro-
cedures, giving the controller actual vision of the planes which he had
controlled previously only by voice. An experimental scanning screen
was under order by the CAA. It was to be installed at Indianapolis
for service tests as soon as it was delivered. The importance of this
device was indicated by two demonstrations staged by the CAA, At
Washington, five airplanes, manned by crews of varying skills, and
each of a different type, were brought in to land under the existing
low-frequency methods of traffic tower control. These planes were
landed at five minute intfmis. The demonstration later was repeated
at Indianapolis, using the very high frequency communications system
there and planes equipped with VHF receivers. On' this occasion,
planes were brought in at intervals of three minutes. Use of radar
would simplify approach procedures, CAA officials believed, and in all
probability would speed up the important job of getting planes on the
ground safely in bad weather.

The third major radar development was a collision prevention
device. This, officials believed, would require considerable develop-
ment. The idea was to show on a radar screen in the airplane, the
proximity of other airplanes in flight. or an ohstruction ahead, such as
a tower or mountain. The problem here was that the pilot would
have to keep his eye on such a screen at all times during his flight.
One solution would be to have an additional member of the crew con-
stantly reading the screen and communicating with the pilot. This
was the kind of adjustment of malitary procedure which the CAA
experimental station had to work out in order to make military appa-.
ratus work in commercial aircraft. CAA engineers were at work
constantly on’'those radar projects ; but they had to confine their activi-
ties to projects which had been set up and tor which specific funds
had been appropriated. Meanwhile, other radar possibilities were
shelved temporarily or ignored.

Loran, a new name coined from LOng RAnge Navigation, was
one of the fantastic miracles performed by science during the war, It
was a radio system developed in 1941-42 by a group of physicists at
the National Defense Research Council's Radiation Laboratory at
Massachusetts Institute of Technology, working under the direction
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of Dr. Lee A, DuBridge. Adopted at once by the Joint Chiefs of Staff,
Loran grew under a blanket of military secrecy, until at the end of the
war the Loran network coverad over hali of the earth’s surface, mostly
oceans, and was being expanded mapidly, particularly in the Pacific,
Loran was whally independent of celestial navigation. It first let
ships and planes get through the prevailing bad weather on the North
Atlantic route to the United Kingdom amd to Russia, It created safe
navigation for our AAF transports operating the Himalavan “Hump™
route between India and China, It was set up in the Marianas where
its accuracy permitted our hombers to cut down their reserve fuel amd
therchy carry more hombs in the knock-out campaign against Japan.
It puided our military and naval transporis across the oceans on the
water and in the air, and was one of the chiel agents responsible for
the safety and on schedule performance of those long distance opera-
tioms, Early in 1940, Loran was bemg developed for commercial nse,
and the Sperry Gyroscope Company mnstalled Loran equipment on
the Swedish liner Gripsholm, Our transatlantic aireraft were using it,
one of the great heritages of the war,

The Loran system was ably deseribed by Nathaniel F. Silshee
writing in Skyways magazine: “Loran stations transmit medium-
frequency radio pulses from related pairs of ground stations known as
‘master” and ‘slave,’ located mostly along coastlines and oiten in sets
of three, one master \mrkiug with each of two shives, These stations
are usually situated from 2oo to goo miles apart, with o maxinomnm of
eight ground-station pairs in one complete ‘chain.” When these pulses
are received they appear as sharp-pointed ‘pips’ on the eathode-ray
screen of an airborne or shipborne Loran receiving set. The airborne
receiver-indicator is known as AN/ANP-4 (AN indicates a major
item of equipment assigned in the joint Army-Navy system of nomen-
clature ; A applies to airborne equipment, P for radar and N for navi-
gational) ; shipborne receivers are designated LRN, DAS, or DBE,
The screen on which the pips show up resembles a radar ‘A SCOpe,
which has horizontal indication rather than the circular map-like indi-
cation of the PPI scope, a type from which most of the piiblished scope
photos have been taken (I'PI stands for Plan Position Indicator).
er measuring the time difference in microseconds between the recep-
tion of the pip from the master station and that from the slave station,
the navigator can plot his line of position in relation to this pair of
stations on a special Loran hyperbolic chart. However, in order to
locate the exact position on this line, known navigationally as obtain-
ing a ‘hx," another reading is taken from a second pair of stations
whose hyperhalas cross those of the first pair—where the two lines
cross is where you are. Thus the complete Loran system consists of
three elements: (1) A series of radio transmitting stations based on
prominent points of land along a coast, something like lighthouses,
now covering most of the northern hemisphere. (2) The receiving

PRy
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and time-measuring radio equipment earried in aireraft or ship. (3)
The Loran hyperbolie charts, now supplied to the tune of nearly a
quarter million per month by the U. 5. Navy Hydrographic Office,
the AATF Aeropautical Chart Service, the British A Ministry and
Aelmiralty,

"With evervthing i order—ground amd airborne equipment and
charts—Loran 15 accurate within half a mile in favorable locations
under good conditions, Under poor conditions in unfavorable loca-
tions errors may extend to 5 or 10 miles. This is fully as accurate as
the difficult and complicated celestial navigation system.  Howewver,
l.oran is almost completely independent of the weather, working in
rough sea or air, and under all conditions except nearly heavy light-
ning or severe precipitation static. (ver water, standard Loran can
obiain accurate fixes with direct radio waves at ranges up to 750
miles in the daytime, and up to at least 1,500 miles at night. [ty day
standard Loran utilizes ground waves, that portion of the transmitted
radio energy which parallels the surface of the earth. Another portion
of the radio energy travels upward and outward, encounters electrified
layvers of the atmosphere known as the ionosphere, and 15 reflected back
to the receiver neat the earth, Pulses received in this way are called
skywaves which increase night range to 1,500 statute miles, Before
the close of the European war an improved type of Loran called 55
{ Skywave Synchronized) Loran had been demonstrated as the mwost
accurate long-range navigational system in the world, with average
errors no greater than a mile anywhere in the main coverage pattern,
So accurate was 55 Loran that from September 1944 night-flying
Mosquitoes of the RAF Bomber Command used it almost every night
on nuisance raids against Berlin and other objectives, Some 22,000
sorties were flown in all, and the average bombing aceuracy was fully
equal to that ohtained by the use of radar Dombing Through Owvercast
equipment (BTO), popularly known to military airmen as Mickey,
and technically as HgX. t

“The, greatest usefulness of Loran is to aireraft on long fights over
water because it i8 the only navigational aid which, under weather
conditions which prevent celestial ohservations, assures sufficiently
accurate navigation to bring the aircralt within range of local radio
navigational aids at the destination. Homing by following a Loran
line of position is a new method of readily and accurately reaching a
dlesired destination. Every point in the area of a pair of Loran sta-
tions, including every spot along the coast, and every airfield, has a
Loran hyperholic line of position running through it. The particular
line corresponding to any desired destination is determined from the
Loran chart. The navigator simply has to get his aircraft to some
point on that line of position, and then instructs the pilot to follow a
conrse corresponding to the setting of that line, This 15 done by lining
up the two pips {master and slave) on the scope. If the plane veers
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to the right, one pip will move one way, and if it veers to the left, the
pip will move the other way. The method is accurate to within a few
hundred yards.

“ Another use for Loran which not only has great convenience but
has added materially to navigational efficiency is in connection with
search and patrol of designated arcas, Ii Loran service is available
throughout the area, there will be Loran lines of position crossing it.
Search or patrol can then be conducted by entering a Loran line which
most nearly forms one boundary of the area, at a point near the corner
of the area. Then the line ig followed to an adjacent corner by the
simple method of Loran steering, keeping the pips constantly lined
up. At this point the course is changed go degrees and followed to
another Loran line parallel to the first and separated from it by a
distance equal to the area-sweep spacing desired, The new line is
then traversed by Loran steering, and so0 on until the whele area has
been covered by the ‘Loran lawn-mower.)

“Tt will thus be seen that the Loran system of navigation can do
more than supply knowledge of position at a fixed point. It has two
features which make it possible to use procedures which are not pos-
sible by previous navigational methods, and which are highly advan-
tageous. It is something new under the sun to have an accurate knowl-
edge of position available continuously—from minute-to-minute if de-
sired. Previous methods have determined position accurately every
few hours at hest, using dead reckoning in between, The other feature
is that position knowledge is available not in isolated points only hut
from lines of position which have definite unchanging location on the
surface of the earth (and ocean), while the Lormn receiving equip-
ment, once set for a particular line and left untouched, shows in-
gtantly and constantly by visual inspection whether the ship is on the
line, or to the right or left of it."

The Technical Service of the Airceaft Imedusiries Association of
America and the enginecring committees under whose direction it
operated, completed the most active period in its history, and as the
industry adjusted itself from wartime to peacetime requirements, it
was proposed that the Association continue to provide the services
desired by its members to aid in their problems in the field of design
mquirem:nﬁ. aptciﬁml.inns and standards. Although some shift in
emphasis was anticipated between certain phases of the work, the only
new activity would be that of the Research Planning Committee re-
cently established by the Aircraft Technical Committee to coordinate
the manufacturers’ interests in the field of research and testing. It
also was proposed to coordinate the technical interests of the four basie
branches of the industry, aircraft, engine, propeller and accessories.
Another desirable move was to have more direct industry participa-
tion in the standards program on utility parts, operated by the Army-
Navy Aeronautical Board, Another was to urge the Government to
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develop international airworthiness standards by unifying existing
national requirements, rather than through formal international tech-
nical agreements. The AIA also urged the Army and Navy to spon-
sor certain uncompleted research projects pending the creation of a
national regearch foundation, At the same time it asked for greater
industry participation in the work and policies of the National Ad-
visory Committee for Aeronautics.

The Aeronautical Board of the Army and Navy complimented the
National Aircraft Standards Committee of the Aircraft Industries
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showing the built-in ca elevator, The plane carrles 125 soldlers with full gear,
or equivalent carge load, including two jeeps.



74 THE AIRCRAFT YEAR ROk

THE BOEING C-g7 TRANSPORT

This transport counterpart of the B-:qg Superforiress had a length of ses 0,
4 in. and wing spread of 141 1L, 3 in,, its two decks capable of carrying muore than
1o fully equipped trioaops.

Association, stating “the advances made in the airframe standardiza-
tion program are due primarily to the unecasing efforts of the Na-
tional Aircraft Standards Committee.” After the war the NASC
started a program to increase the quality and utility and reduce the
eost of personal aireraft through standardization and simplification of
enmponent parts and processes, and early in 19406 this work embraced
wheels, brakes, tires, axles, batteries. propeller attachments, instru-
ments, radios and lights,

The Airworthiness Requirements Committee of the Airerait In-
dustries Associgtion worked with the Civil Aecronautics Board on
revised airplane design requirements which wonld influence all avia-
tion activities. The ARC also had brought about investigations by
industry experts into powerplant fire protection, oxygen requirements
for passengers and high altitude pressure cabin design, all caleulated
to add to the safety and comfort of air travel.

The AIA Engine Technical Committee developed and recom-
mended a single =et of Army-Navy procurcment specifications for
jet powerplants, and assisted the Services in revising standards on
accessory drives and envelopes. Farly in 1946, it was working with
the Government agencies in research and development on aireraflt
engine fuels, engine maintenance tools and powerplant materials. The
Praopeller Technical Committee of the ATA worked with the Govern-
ment on new airworthiness requirements.
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The Manufacturers Aircraft Association, which had administered
the cross-license agreement in the aircraft patents pool since 1917,
reported that the equivalent of many years of rescarch and technical
development were represented by patents during the last year of war,
when 182 patents were made available to the MAA for cross-licensing
and licenses were issued to the entire manufacturing group under 191
patents. A total of 1,828 patented inventions had been brought under
the cross-licensing agreement since 1917, The cross-licensing agree-
ment served to prevent all litigation and other controversies through-
out the aircraft manufacturing industry, thereby leaving the Govern-
ment and industry free to nse all inventions for the improvement of
equipment both during the war and in the postwar years so important
to the development of American air power.,

The Society of Automotive Engineers had a Technical Board
which was preparing an aeronautical draiting room manual, stand-
ards for helicopters, data on aircraft bearings and lubricants, the
preservation and packaging of engines and parts, standardization of
aircraft engine accessory mountings and drives, screw threads and
fastenings, involute splines, small engine propeller shafts, standards
on propeller clearance envelopes, governor mounting gaskets, control
of two-speed gears, buttress threads, aireraft pumps, flexible hose
assemblies and landing gear equipment, and adaptation to eommercial
needs of the technical data on cold starting of engines developed by
the Services during the war. For the second time in its history the
SAE Manly Memorial Medal and the SAE Wnght Brothers Memo-
rial Medal were awarded to the same recipient. He was Kenneth
Camphell, of the Wright Aeronautical Corporation, The awards were
for his technical paper “Engine Cooling Fan Theory and Practice,”
adjudged the best SAE paper of 1944, The Daniel Guggenheim
Medal, awarded jointly by SAE, American Socicty of Mechanical
Engineers and the Institute of the Aeromantical Sciences was pre-
sented to Lawrence D. Bell, president of Bell Adrcraft {”:.urp{,mﬁm,
for his achievements in designing and manufacturing military aircraft.

The Institute of the Aeronautical Sciences presented the Sylvanus
Albert Reed Award to Prof, Charles 5. Draper, Massachusetts Insti-
tute of Technology, “for application of the gyroscope to computing
sights for gunnery and to other computing devices.” The Lawrence
Sperry Award went to Richard Hutton, chief development engineer
of Grumman Aircraft Engineering Corporation, “for his outstanding
contributions to the development of carrier-based aireraft.” The
Octave Chanute Award was presented to Robert T, Lamson and
Elliot A. Merrill, test pilots in the engineering department of the
Boecing Aircraft Company, “for obtaining at great personal hazard
data contributing to the design of high-altitude military aireraft.” The
John Jefiries Award went to Commodore John C. Adams, Chief
Flight Surgeon, Bureau of Medicine and Surgery, Navy Department,
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“for outstanding contributions to the advancement of acronautics
through medical rescarch.” The Robert M. Losey Award was pre-
sented to Major Harry Wexler, Chief of the Special Scientific Serv-
ices Division of the LI 5. Weather Burean, “in recognition of out-
standing contributions to the science of meteorology as applied to
acronautics.” The Thurman H. Bane Award went to Capt. Myron
Tribus, Headquarters Air Technical Service Command, Wright IField,
“for reducing the icing hazards of high-speed flying through research
and flight testing.”

Gen. Carl Spaatz, who commanded the U, 8. Strategic Air Forces
in Europe during the campaign that led to the surrender of Germany.
was awarded the Robert J. Collier Trophy by the National Aero-
nautic Association “for demonstrating the air power concept through
employment of American aviation in the war against Germany.”

ARTIST'S CONCEPTION OF NORTHROP XB-33 BOMBER



CHAPTER III
THE AREMY AIR FORCES IN WAR AND PEACE

The AAF Devastates Germany and Japan—Total Combat Sorties—
More Than Two Million Tons of Bombs Hurled on the Enemy—
The Size of the AAF Overseas—Enemy Losses Compared to
Curs—AAF Casualties—Attrition of Aircraft—Gen. H. H.
Amold's Report and His Appeal for Preparedness—Report
of Strategic Bombing Survey—AAF Tactics Justified—

1946 Program for Guided Missiles.

HE U. 5. Army Air Forces became the largest and most effec-

tive striking force the world has known. It knocked Germany

into a mass of ruins, paralyzed and wvirtually helpless before
the final onslaught of the invading armies, this of course with the help
of allied air power. At the same time, the AAT made a shambles of
Japan and whipped the Nipponese so decisively that invasion no
longer was necessary. All this the AAF accomplished before it threw
the atomic bombs into Hiroshima and Nagasaki. Japan was much
easier for the air forces to destroy than was Germany. Comparative
figures on air force operations show that the AAF had to put nearly
three times the devastating pressure on Germany, besides the wvast
efforts of the British RAF and other allied air forces. While the com-
plete statistics will be found in the section on Flying Facts and Fig-
ures, some of them can be used here to explain what the Army Air
Forces accomplished during the war and what they can do to pre-
serve the peace.

From Pearl Harbor to V-] Day, the AAF made a total of 2,362,-
Roo combat sorties. A sortie is one flight by one plane. Against the
Germans the AAF made 1,603,565 sorties, against Japan 669,235,
Even in 1045, the AAF made 438102 sorties against the Germans
during the four months up to May & when Germany surrendered ;
and during nearly eight months up to Auvgust 14, the AAF made
247,573 sorties against Japan.

The AAF dropped a total of 2,057,244 tons of bombs during the
war. Of that tonnage, 1,554,463 tons were hurled against the Euro-
pean enemies, and 502,781 tons against the Japs. The AAF alone
dumped 641,201 tons of bombs inside Germany, 291,462 tons during
the elosing months of the war, The rest of the explosives, unfortu-
nately, had to be thrown against the enemy in those countries we were
liberating. France was the greatest sufferer, The AAF had to drop

i
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330.651 tons of bombs against vital German installations in 'rance.

The heavy bombers of the AATF dropped 1,006,704 tons of bomhs
against Germany from June, 1942, until the surrender. They put
315,307 tons intn rallway marshalling vards—138,522 tons in 1945—
with results which are explamed in the reports by Gen, T, 11, Arnaold,
commanding the AAF, and the Strategic Dombing Survey later in
this chapter. Ol installations were important to the Germans. The
AAF knockad them out with 126,191 wns of boinbs. Flying felds
were wrecked by 117,727 wons of explosives. Airerait factories re-
ceived 8,703 tons of bombs. Railroads, roads amd bridges were
ohliterated by 70,500 tons of hombs, Military installations got ahout
the same tonnage, as did other German factories and plants, Our
AAF heavy hombers idropped 37,100 tons of bombs in cooperating
with the stirface forces in their advance, Cities, towns, shipvards, sub-
marine pens and various communications facilities reccived tens of
thousands of tons of hoambs from the AAT.

The AAF did most of the bombing against the Japs in their home-
land, although the U, 5. Navy contributed some mighty bows, and
the British had a few contingents helping. The 215t Bomber Com-
mand of the 2oth Air Force, AATF, from November, 1944, until the
Japs surrendered, threw 104,930 tons of bombs inte important cities
in Japan, 66 of which were checked as to results. Some were wholly
destroved, including mumitions plants. The average destruction —
43 per cent. The 21st Bomber Command made 16,112 sorties against
the Japanese cities and lost 179 planes, but it destroyed that part of
the enemy war effort, Tokyo was an example. The capital had an
area of 111 square miles. The 215t Domber Command made 2,531
sortics against Tokyo and dropped 14,054 tons of hombs, 1t lost 74
B-2g homhbers, but destroyed 356.3 square miles or more than 3o per
cent of the huilt-up area,

The zist Bomber Command made 2838 sorties against Japan's
aircraft factories and dropped 14,752 tons of hombs, Tt lost 163
planes in these attacks but cansed an average of 6o per cent destruc-
tion to 25 plants, with others hit but unidentifed,

The world's first atomic bomb attack was made on Hiroshima,
Japan, by the Army Air Forces on August 7, 1045. The crew of the
Boeing B-20 which carried out the dangerous assignment included Col.
P. W. Tibbets, Jr., pilot; Capt. R. A. Lewis, co-pilot ; Major Thomas
W. Ferehee, bombardier ; Capt. T. J. Van Kirk, navigator; Lt. M. U.
Jeppson, electronics officer; Lt. Jacob Deser, radar operator; Capt.
W. S. Parsons, Navy technical adviser and observer; Sgt. R. R.
Shumard, assistant gunner and assistant fight engineer; Sgit, W. E.
Duzenbury, flight engineer; Sgt. G, R. Ceron, gunner; Sgt. J. A.
Stihorik, radar operator ; and Ple. R. N. Nelson, radio operator.

Hiroshima was a city about the size of Seattle, Wash. The homb
caused 306,545 casualties, according to the results of a careful survey
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by the L. 5. Army and other American experts after our occupation.
The survey fixed the dead at 78150, 0,428 seriously injured, 27,007
with munor mjuries and the rest missing or suffering from loss of
omes and food after the bombing, Fire and the panic created by
crowds jamming the littered streets and small bridges probably
caused miost of the casweilities. The one atomic bhomb apparently had
an effect simlar o the normal load of explosives dropped by 200
-20 bombers,

While the complete tables of bombs dropped, sorties, enemy plane
loszes, and our own losses, with casmaltics and other data are carried
in the section Flying Facts and Figures, some of the figures are of
interest here, because they show the gigantic task performed by the
Army Air Forces.

During the war the AAF destroved 40,250 enemy aircraft. It lost
J |_.|-|4""- =|'|:|I!l.'.- on combat mgsions,

ATOMIC BOMB RESULTS AT HIROSHIMA
AAF Air Intelligence pholo SLFVEVIDE resulis of the first nlomie bomb on Japan.
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The AAF destroyed 29,016 enemy planes in the European war,
and lost 18,418, In the European theater, the enemy lost 20,410 to
our 11,687. In the Mediterranean theater, the enemy lost 9407 to
our 6,731

The AATF destroved 10,343 Japanese planes amd lost 4.530 on
combat missions against the Japs, The Far Iast Air Forces ac-
counted for 6,208 Jap planes and lost 24094, The China and India-
Burma AATF got 1,013 Jap plancs and lost 1,070, Our AAF assigned
to the theater known as the Pacific Ocean Arcas destroved 704 Jap
planes and lost 378. The AATF in the Alaskan theater of operations
got 113 Jap planes and lost 88, The 2o0th Air Force, embracing the
zoth and 21st Bomber Commands, destroyed 1,225 Jap planes and
lost 464. Our victories and losses by type of plane and action will be
found in the complete tables.

What did it take to do all this? How much of an Army air
force did we require in order to help win twoe wars on opposite sides
of the globe? It took too much. The record, as shown by the official
statistics, proves that the effort was stupendous. At the peak of its
war strength, in March, 1944, the Army Air Forces numbered z.411,-
204 personnel, including 300,889 officers. 1f the casualties that did not
return to service were added to that number, the total personnel re-
quired in the AAF would be much higher. In April, 19435, the peak
month, the AAF had a total of 1,224,000 personnel, including 163,-
886 officers, in overseas service. In May, 1945, the AAF had its larg-
est number of officers in the entire organization—388,295. One of the
major accomplishments of the war was the training of all this per-
sonnel.

The AATF flight training courses graduated 1,561,288 between
Pearl Harbor and the end of the war, some personnel graduating in
several courses., The pilot courses graduated 768,091, including 233.-
198 primary, 202,086 basic and 193,440 advanced. Transition courses
graduated 108,337, and there were other miscellaneous graduates,
including 1,282 women pilots. A total of 1,436,744 graduated in the
AAT technical courses, including 125,984 officers who studied every-
thing from administrative duties to cryptography, helicopter training
and radar. There were 1,310,700 graduates among the enlisted per-
sonnel, including 695,806 trained in aircraft maintenance, 158,766 in
armament and 222,223 in communications, besides many other air
force activities. The training was the beginning of the great effort.

The AAF had at home and abroad a total of 159,677 pilots during
the peak month of April, 1945, also 28,660 bombardiers, and during
the peak month of February, 1045, 37,030 navigators, With many
other specialists, they made up the total officer roles. In August,
1945, at the time of the surrender of Japan, there were in the AAF
a total of 368,344 officers, including 142,246 pilots, 26804 bom-
bardiers and 31,972 navigators, The enlisted personnel totalled 1,834,-



THE ARMY AIR FORCES IN WAR AND PEACE 81

838, including 317,040 airplane maintenance, 155,134 aerial gunners
and 43.166 other aircrew personnel.

The AAF put in a total of 107,880,000 hours of flying time from
January, 1943, to V-] Day. Of that total, 26,519,000 hours were
flown in the overseas theaters, including 13,821,000 hours by combat
panes, 5632000 hours by non-combat and 7,046,000 by the Air
Transport Command. In the United States, AAF planes flew a total
wi 81,367,000 hours, including 23.132 hours by combat planes, 7,584 -
000 hours by transports, 49,060,000 hours by trainers, and 1,501,000
hours by communications planes. AAF combat planes overseas flew
1,037.000 hours in March, 1943, the peak month of the war.

The AAF suffered 121,867 battle casualties. Among the 40,061
who died, 17021 were officers and 23,040 were enlisted men. Let
this be an answer to the radicals who tried to stir up trouble in the
Services after the war by asserting that the officers led a life of ease
and relative safety. The total of 18238 wounded and evacuated in-
cluded 6,442 officers. The total of 63,568 missing, interned or cap-
tured included 26,052 officers. Heaviest AAT casualties were duﬁnﬂr
the months before and after the invasion of Normandy in 1944, with
§.242 in March, 7,777 in Apnl. 6,517 m May, ?,[55 n June, 7,105
in July and 6,389 in August, after which they went down to four and
five thousand monthly. Unly in March, 1945, did they go up again,
to 5.523-

The AAF acquired 158,880 aircraft between July, 1940, and
August, 1945. Of that total 47050 were hghters, of which 31,203
went oversens. The AAF had 16,709 fighters on hand at home and
abroad at the end of the war. It received 3,740 very heavy bombers
of the B-2g type, and 1,751 of them went overseas against Japan.
On V-] Day, the AAF had 2,865 on hand at home and abroad. It
received a total of 27867 heavy bombers—Flying Fortresses and
Liberators—and 18,774 were sent overseas. On V-] Day, the AAF
had 11,065 on hand at home and abroad. It received 19,614 medium
and light bombers, of which 8,982 went overseas. On V-] Day, the
AAF had 8,463 on hand at home and abread.

A total of 65,164 aircrait were lost by the AAF during the war—
43,581 overseas and 21,583 at home. Of the 772 very heavy Bazg
bombers lost, 512 were lost overseas and 260 in the United States.
The loss of 14,280 heavy bombers was largely overseas, 12,201 against
1,989 in the United States, Of 8470 medium and light bombers lost
by the AAF, 5,225 were lost overseas and 3,254 in the United States,
Of the 26,743 hghters lost, 19,064 were lost overseas and 6,779 at
home. Other aircraft losses totalled 14,890, of which 5,589 were lost
overseas and g,301 at home. The last figure, of course, included
planes lost during training operations.

While the statistical tables offer a most comprehensive record of
the Army Air IForces throughout the war, enough has been chronicled
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U, 5 Army Air Forces paoai
STRIEKING AT GERMAN SUPPLIES
Cur Eighth Air Foree Forlreses dropping bombs on a targel in Germany.

here to show that the war in the air was no holiday, History records
no greater achievement by any military organization.

Gen. Amold, pioneer Army pilot who comimanded the AATF dur-
ing the period of its great development and who led it to victory in
his second war, retired early in 1946, after one of the most brilliant
eareers in the history of the armed forces. He was succceded by Gen.
Carl Spaatz who also had grown up with the AAF and who had
commanded the strategic bombing forces against Germany until thalt
war ended, when he took on the same job apainst Japan.

Shortly before he retived, Gen. Arnold presented a most compre-
hensive report on the AAL operations in the war and his reconymen=
dations as to what should be done in the future if the United States
i5 to have a chance of survival in any luture war. It follows:

“Although only six months have passed since V-E [Jay (the sur-
render of Germany, May 8, 1945) it already is possible to add a new
perspective to our study of the European war. We can judge our

..
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achievements in the air and our shortcomings from the enemy’'s point
of view. If anvone knows what allied air power has done to Ger-
many, it is the Germans. During the war, our intelligence service
possezaed a great deal of information of this kind, but military secu-
rity required that we keep our knowledge secret. We could make
statements that we knew were true. but we could not reveal the source
of the proof when the enemy denied or discounted our claims. Now
we can make full use of this material, and of much more besides. This
report will present the story of 1945 air operations in Europe—the
final phase—both from our standpoint and, as revealed through docu-
ments and interrogation, the enemy's standpoint.

“The vear 1945 opened at the climax of Rundstedt’s Ardennes
offensive. Eighth Air Force heavy bombers were flying the tenth
straight day of a twelve-day offensive in atrocious flving weather to
attack enemy strongpoints and supply lines. The Ardennes offensive
had been outlined fully by Adolf Hitler at a melodramatic meeting of
German Army Corps and Division Commanders in an underground
room near Ziegenberg on December 12, 1044. If it failed, Hitler said,
the war was lost; but, it would not fail. Everything had been scraped
together for this effort. Manteuffel would take Antwerp; Dietrich
would take Lidge. Montgomery's 215t Army Group would be pock-
eted and destroyed, and the ghotking loss would take Canada out of
the war and utterly discourage Amenca. The planes of a reborn
Luftwaffe would clear the skies,

“Such was the plan, but our air attacks had made Rundzstedt’s
supply problem a nightmare. Our strategic oil campaign had put
motor fuel in critical shortage, and our bombing of railroads hindered
deliveries of reserves intended for the push. *We still had lots of
materie] and sent it to the front in hundreds of traing,’ Col. Gen,
Alfred Jod] has said, ‘but the trains got there only after weeks or not
at all.'

“Preparations for the accompanying air offensive were creditable
and on a large scale, but they were carried out amid conflict among
high-ranking Luftwaffe officers. However, morale among German
airmen at the time was good. They hoped that this would be Der
(Grosse Schlag—the big aerial blow that they had hoped for since the
blitz of London that would inflict a crushing aerial defeat on the
Allies, and enable the Luftwaffe to regain control of the sky. During
November and December the Lultwafie had been ready, waiting for
the right weather on the right day. According to the plan, some 2,500
fighters would take the air, saturating the American fighter escort,
and shooting down perhaps soo of our bombers., But bad weather
postponed the Nazi aerial offensive day after day. Weather that was
fit for the AAF to make deep penetrations over enemy territory was
not fit for large scale German defense of their homeland ; because of
the gasoline and cil shortage due to our bombing, German airmen
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had had to skimp navigational training. The Luftwaffe’s ‘Big Blow'
did not come off.

“On New Year's Day, however, the German Air Force made a
desperate effort. Risking their last reserves of fuel, Luftwafie com-
manders flew Boo sorties, most of them at low level, apainst allied
airfields. They struck hard, destroying, according to final fipures, 127
allied aircraft on the ground, and damaging 133. DBut in return the
Naris lost to flak and fighters about 200 aireraft, which was more
than they could stand. In addition to the failure of the Luftwafie to
furnish air cover, Nazi ground forces were having far more serious
troubles—traceable to our air attacks. German armored units had |
been promised fuel for 500 kilometers for the offensive ; they received
less than half the allotment, which, in the mired winter roads and
mountainous terrain, was sufficient for only 100 kilometer., The bomb-
ing of railheads near the fromt foreed leng hauls from points back along
the Rhine, burning precious fuel and exposing trucks to fighter attack.
Fuel dumps intended as reserves or earmarked for special attack were
consumed in the initial push,

“Gen, Fritz Bayerlein, commander of the erack Panger Lehr Divi-
sion, said that during the retreat, "Fuel was so desperately scarce that
in realigning my division a regiment marched on foot through the
snow from the extreme north to the extreme south end : there was no
gasoline to be spared. TFuel had to be transported partly by daylight.
and enemy fighters singled the tank trucks out. There were repeaterd
air attacks on my forward tank repair shops, and bombing had made
the main roads impassable througl the retreat route at the Houifalize
hottleneck, requiring the use of rough by-pass roads, Because of these
factors I left 53 tanks by the roadside between January 11 and 15
Road discipline relaxed during bad weather. When the sun broke
through on January 21 after several bad days, enemy planes cansed
fearful damage. As I approached the Gemuend bridge ( southeast of
Aachen) I saw planes circling in huge formations., T had to thread a
way through wrecked and burning wvehicles, dead horses, scattered
equipment. It was a one-way bridge, and planes caught traffic on
both sides. Several hundred vehicles were destroyed and the column
thrown into panic. On January 27, 1945, I was finally behind the
Eiegl'rier] Line. The Ardennes offensive had cost me g per cent of
my combat troops, between Go and 70 tanks, 200 motar vehicles, and
30 hali-tracks.’

“As that battle marked the end of the Luftwaffe, this appears to be
an appropriate place to review the factors that led to the collapse of a
potentially mighty air power. Prior to the uncovering of many facts
after V-E Day, it was popularly supposed that the Nazis were a ruth-
lessly efficient organization, with a system cleansed by purges, rallied
by a deified leader, spoon-fed with propaganda, spied on by secret
police, and forced by grim necessity to present a solid front to the

p—
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enemy. Actually, policy, decisions and strategy of L]:Il: highest 1mpor-
tance were often dictated by personal n.mhitil:lrl._ Nazi party feuds ?"d
pressure ]'H:Ij'i.l;il:ﬁ. L_'it':rrnan_lr' began the war with a E'I:'E.'.'.I.t _ﬂumtnﬂl
superiority in aircraft, and succeeded against Little opposibion. Con-
sequently, the Germans delayed in making needed changes, and then
made far too many. A substantial share of these changes was due to
parts shortages caused by bombardment. For ?'“5'-3““- after our
attacks on plants producing ball bearings, the Daimler Benz Go3 en-
gine was modified for sleeve bearings, and was unreliable from then
on—engine failures caused many accidents.

“Dr. Albert Speer, Reichminister for Armaments and War Fro-
duction, gaid, "We had blueprints every few months and then had to
change or tear down the buildings. If a program lasted longer than
three monthis it was a miracle. It was the fault of the Luitwaffe Gen-
eral Siaff.” When Speer had taken over the indus_tr}' in March, 1944,
there had been so different types of fighters being produced. And
even in the drastic emengency, faced with rebuilding and dispersing
the shattered industry, he could not reduce the 1'11-11'_111-"51' ":'”f‘ types below
38, Gen. Werner Kreipe, in command of all fiying training, stated
that Hitler, Goering and the General Staff never understood the
significance of air power because of the ease of early German con-
quests. They did not, at any rate, analyze the combinations of power,
and it was not until March 1, 1044, after our 'EEE'-'-II_\"E attacks on the
fighter aircraft industry, that fighters were gaven priority over tanks,
[T-boats, flak guns, and V-weapons. Kreipe said that the Wehrmacht
and Luftwaffe General Staffs became loaded down with party fanatics,
whose belief that quick victory could be had on the ground thwarted
a pre-war Luitwaffe plan for a strategic air force,

“In Agpril, 1044, the High Command faced our bombing threat
realistically and decided to go all-out for defensive fighter production.
Gen. Adoli Galland, commanding the fighter arm, pushed a plan call-
ing for an eventual production of 5,000 fighters a month to combat
allied bombers and regain control of the air. He was opposed by
Goering, who clung to the belief that Germany could have a great
bomber force as well, despite inadequate manpower and traimng
facilities, and a shortage of aviation fuel. The amended plan called
for a reduced fighter figure and for hombers, a scheme which Galland
termed ‘entirely unrealistic.’

“However, if the plan was unrealistic, upon seeing it, Hitler pro-

- jected it to fantasy. The ME-262 jet plane, Germany's great hope,
and, we must state frankly, the greatest threat to our continued
bomber operations, was then in production. Undeér no circumstances,
Hitler declared, would the ME-262 be used as anything but a bomber,
Messerschmitt had promised him that it would carry a 1,000 kilogram
bomb. Actually, it never carried more than a soo-kilogram bomb, but
the Nazis were obsessed with the idea of retaliation bombing at any
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cost. Hitler named the ME-262 the Dlitzbomber, and vetoed the
scheme of Goering and Galland to compromise by equipping it with
a bomb rack and using it as a fighter-bomber, Hitler persisted i this
amazing decision from April until October, a period which saw the
invasion and the sweep across France, As a bomber, the MIE-262
did nothing, The ME-262s which our airmen fought {lim‘ihg_ that
period were a few Galland had secured, despite Hitler's edict, for il.'ll'l
‘experimental unit.' In October, when Hitler relented, only a Tianilinl
were released to the OGghter arm, and it was 1945 before the bhomber
idea was finally discarded. Speer estimated that he could have made
from 30 to 50 per cent more fighter planes, but for our bombing.

“The Keich had a labor shortage despite millions of imported
slave workers, The repair and reconstruction of bomb damage, de-
fensive measures, and lalior wastage in dispersing industry, digging
underground factories, building ratlroads and power lines and living
uarters at dispersal sites—every effort to eombat or escape air at-
tack drew upon manpower. Speer sand between 230000 and 300,000
men were employed in the removal of bomb damage in the chemical
industry (including oil ), and in all mdustry about one million men.
This figure was for clearing away bomb damage, and did not include
those engaged in reconstruction or in manufacturing materials for
replacement.  Domb damage multiplied. The first attack on an ol
plant was relatively easy to repair. Subsequent bombings compounded
the damage ; pipe joints sprang leaks far from any bomb strike, valves
failed to work, linings fell out of furnaces, distillation units had 10 be
overhaunled. There was not enough manpower to go around. Even
s0, Speer wias never able to stop the use of men and materials for ex-
pansion of basic production, which cost manpower and enormois
amounts of critical materials for planned future schedules at the cost
of armament production in existing plants, Despite military necessity,
Germany was never able to allot more than approximately Go per cent
of its raw materials to armament production. The demand for con-
sumer goods remaned inordinately ligh because of air attacks.

“By February, 1945, Germany's transportation system was over-
strained as the result of air attack. Every move of the dispersal pro-
gram for industry put an added load on transportation, Machinery
had to be shipped, building matenials transported, plus everything
required by the workers, When factories had been established, one
part made here, another there, a third somewhere else, there was a
constant shuttling of components before the final assemibly was ready
to ship. Gen. Jodl said, ‘It was most annoying to have to route artil-
lery from Essen to central Germany to equip and test fire, and then
to ship it to an Army camp up front.”

“Putting factories underground in the effort to escape bombing
created new problems. In June, 1944, the Junkers aireraft engine fac-
tory at Magdeburg had been moved because of air attack, The main

"
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body of the plant was put underground at the notorious Mittlewerk
at Niedersachswerfen, near Nordhausen, The supercharger and small
components section was pat in o former chocolate factory at Has-
serode. The injection pump section went to Lengefeld, while the pro-
peller section went o Ebersbach. And these were temporary moves
until a new underground imstallation near Wolfileben was completed.
At Alittlewerk, becanse of bad ventilation, workerz had headaches.
It was nccessary to work three eight-hour shifts instead of two
twelves, as formerly. Metal dust lay an inch thick on the floor of the
polishing shop, and workers wore masks. Temperature had to be too
cold for comfort, or the limestone roof would fall. Two roof falls
killed several workers and injured others. Following these accidents
the compressor rotor polishing shop was moved outside to a former
flour mill. The local water was unfit to drnk and a supply had to be
hauled in. Sanitation problems were left unsolved ; emplovees had to
walk out the long tunnels to latrines at the foot of the hill outsidé.
Food difficultics arose in the area from the influx of workers. Speer
himself summed up the production end of dispersal underground,
‘One cannot win aerial warfare through cement and tunnels.”

“The bombing of il production had all but eliminated civilian
trucking. The German armies had discontinued the use of trucks in
large measure except on the hattlefronts, and the air threat was such
that they no longer kept big supply dumps near the front but re-
quired the railroads to bring supplies irom the rear as needed. The
industrial burden on the milroad system was graphically described by
Franz Hayler, Secretary of State, Economic and Political Counselor
to Field Alarshal Kesselring, who said that i Fthrllary, 1945, Ger-
many’s entire war production for a month and a hali was loaded on
railroad cars in transit—eomponents going here, assemblies going
there, raw materials somewhere else. The Germans had a large repair
organization. They could run a line through a bombed marshaling
yard, and get trains running, but that left the marshaling yard useless
to do its job, Another switch yard, farther away, had to take its place.

“The bombing of railroads was cumulative in effect. By the sum-
mer of 1944 the Germans were unable to deliver stocks of coal to war
factories in preparation for winter. Most coal came from the Ruhr,
and normally much of it was shipped to Northern and Central Ger-
many via the Dortmund-Ems and Mittelland canals during the sum-
mer (the canals were jced over in the winter). The RAF repeatedly
had bombed strategic points on these canals, the Gland by-pass of the
Dortmund-IEms, and the Gravenhorst embankment of the Mittelland,
with the result that these important water routes were open to traffic
scarcely a fortnight during six months, The railroads could not take
the added burden. It was either more coal or less armaments, The
Germans made a gamble. They did not ship coal in the summer (o
store for next winter's factories. *Perhaps they saw the end, or per-
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haps they could do nothing about it. They did not store coal. Daily
shipments of Ruhr coal by the end of 1944 had dropped from 14,000
tons to O,000. In Novemiber, Speer had ordered stocks of coal on
hand to be uzed up for armament manafacture, regardless of where
the next lump was coming from. By February, 1945, the coal short-
age was paralyzing the German armament industry. The Russian
drive had cut off coal from Silesia, which had furnished more than
half the coal to run the rallroads. Germany depended on the harnssed
railway system to get coal from the Ruhr and Saar. In mid-winter the
Reichsbahn was faced with getting and distributing coal for industry,
totally reorganizing the complex system of shipment priorities, and
redistributing locomotives and rolling stock. This in itsell was a tre-
mendous task,

“Such was the situation on February 2z, 1945, when the allied
Air Forces flew Operation Clarion. The target: Genman transporta-
tion. On the moming of February 22, 1043, more than 10000 Allied
planes were airborne from their bases in England, France, Holland,
Belgium and Italy. The 200 individual targets covered an arca of
nearly a quarter of a million square miles. The ohject was to paralyze
the Reichsbahn, Instead of bombing from 25000 feet, the heavies
were to glide over the targets as low as 5000 feet. Instead of operat-
ing in huge formations, they were to break up over Germany into
groups and squadrons, and fan out for the many targets, with and
without fighter escort.

“The Luftwaffe was still potent, and our operations men paced the
floor the night of the 21st. They studied the skies next morning,
when the mission was airhorne. Major Gen. Orvil Anderson, Eighth
Adr Force Chief of Cperations, said, “We could lose three hundred
planes today, but we won't.'’ He gambled on the German inability to
improvise quickly to meet a new situation. He said, ‘By the time that
Gauleiter gets through thumbing the pages of his manual, the hays
will be coming home.” And, true enough, Operation Clarion was a
‘milk run.’ All over Germany bombs exploded on signal control
points, marshaling yards, main lines, level erossings, embankments,
bridges, viaducts, roundhonses, over-passes, small junctions. Fight-
ers and fighter-bombers attacked rolling stock, Herr Dorpmuller’s
rail repair organization was swamped. Immediately, according tn
Gen. Buhl, war production was cut in half. Gen. Peters said traffic
was reduced go per cent. Operation Clarion marked the end of large
scale mobility for the German armies,

“Hitler’s last chance to hold his Western front was the Ruhr, one
of the world’s great arsenals. The heart of the Rulr consists of an
industrial belt east of the Rhine running east and west, some 40 miles
long and from 10 to 15 wide, lying mainly between the Rube river
and the Rhine-Herne canal. The area is built up, and had a normal
population of three and a quarter*million. In the Ruhr were coal
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mines, steel plants, armament works, chemical plants, and many other
industrial installations. Paced by the Ninth Air Force, allied air
power began scaling off the Ruhr, as it had the Normandy battle-
front in 1944. The Germans used all their ingenuity to keep traffic
moving with armaments and supplies. The ratiroad repair system was
highly organized, with concentrations of foreign labor and prisoners
of war in reserve at likely points of attack to run lines through
bombed marshaling yards, and throw up replacement bridges.

“In the Ruhr campaign, as in Operation Clarion, air power set
out to swamp the repair facilitiez. In addition to the Dortmund-Ems
arid Alittelland canals, there were five main rail linez and a number
of subsidiaries fanning out irom the Ruhr. The plan called for isolat-
ing the Ruhr district and smashing the extensive transportation sys-
tem within it. Air attacks began in late February on the bridges in a
line from Bremen south to Marburg, thence southwest to Coblenz
on the Rhine. This was called @ line of interdiction ; nothing was to
cross that line if air power could prevent it. There were 16 bridges on
this line of interdiction, In 4o attacks by 1,800 heavy and medium
hombers, 14 were destroyed, or made impassable. Of the two still
standing on March 24, bombs had cut approaching rail linés. The
Iine of interdiction was maintained. Transport msade the line was
hammered continually.

“Meanwhile allied ground forces made a splendid drive forward
early in March, The Rhineland was lost to the Germans, along with
the flower of three armies. An allied column thrust down the natural
corridor from Euskirchen, broke the German 74th Corps, reached
the Rhine at Remagen, and crossed to make a bridgehead. The Fifth
Panzer Army was pocketed and cut to ribbons, and the German
Seventh Army had collapsed in the southern Eifel. For the Germans,
the war from here on was chaos,

“On March 1, 1945, an order had come that under no eircum-
stances could any Nazi staff officer cross back over the Rhine, Two
days later the order came to retreat across the Rhine, When the
American ground forces gained the Remagen bridgehead, Gen. Model
ordered Bayerlein to plan an attack to wipe it out. Next day Model
rejected the plan. Two days later Ficeld Marshal Kesselring arrived
as Commander of the West, saw the plan, and was furious that it had
not been carried out. In a rage, Model dressed Bayerlein down, and
turned 1,500 reinforcement troops intended for Bayerlein to a com-
mander of a Volksgrenadier Division named Tollsdori, an incompe-
tent whose ‘Division” consisted of 200 men with practically no arms.
Eight swimmers tried to go down river to bomb the bridge, and
were never heard of again, Hitler ordered the bridgehead wiped out
with V-25. Nothing came of the order. Five officers were shot be-
cause of the Femagen affair, and a bridge complex swept over the
officer corps, causing the blowing of many bridges without regard to
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THE 82 TWIN MUSTANG FIGHTER

Two powerful 2,200 h.p. engines pull Morth Amsericon Aviation's P-53 Twin
Mustang inio the alr ai a raie of more than 5000 fect o minule, The plame will

sperate efficienily up o 435000 leck.

military necessity. Decause of the bombardment of raillroads, tanks
had to be driven from railheads far to the rear ; of 42 new King Tigers
sent to reinforce Dayerlein, 34 were worn out on the way and never
reached him. The Eleventh Panzer left its entire supply column in a
wood near Altenkirchen for want of gasoline,

“On the morning of March 24, the 215t Army Group, British and
American, began crossing the Rhine north of the Rubr river. At
ro o'clock, troops of the First Allied Airborne Army, carried in by
heavily escorted aireraft and gliders of the U, S, gth Troop Carrier
Command and the RAF 38th and 46th Groups, began landing on the
opposite side of the Rhine.

“In seventy-two hours preceding the airborne landing, AAF
heavies and mediums flew 2,000 sorties in 56 attacks against small
towns and villages in the area, which had been turned into strong
points. More than B 500 tons of bombs were dropped on communica-
tion centers. On March 21-22, some 1,200 Eighth Air Force heavies
pounded 10 airfields in the area. Escorting fighters Jknocked 53
enemy fighters out of the sky and destroyed 116 on the ground,



THE ARMY AIR FORCES IN WAR AND PEACE QI

Fighter-bombers and fighters of Second British Tactical Air Force
and L1, 5, Nineteenth Tactical Air Command joined in the asszault.
O the day of the landing, allied aircraft flew more than 7,000 sorties
over the battlefield and the area hounded by the line of interdiction
stretching from Bremen to Coblenz. Ninth Air Foree mediums and
the Second British Tactical Air Force hit 23 flak positions. Fighter-
bombers joined the task of silencing enemy flak before the airborne
trains arrived. Throughout the day the air forces gave direct coopera-
tion to the landing, hitting communication centers and defense points,
gun and mortar sites, forward positions and strong points. Fighter-
bombers flew armed reconnaissance against the enemy lines of com-
munication. From Italy, the 15th Air Force sent 150 heavies escorted
by five groups of fighters on a 1.300-mile round trip to Berlin, A
tank factory was bombed, and this attack drew off enemy fighters in
Central Germany which otherwise would have gone to the Rhine.

“Despite ground haze and smoke, all but two per cent of the para-
troopers and three per cent of the gliders made successiul landings,
setting down 14,305 men, 109 tons of ammunition and explosives, 603
vehicles, 113 artillery weapons, 765 pieces of equipment and supplies.
Eighth Air Force Liberators dropped 582 tons of supplies and equip-
ment that day. The airborne landing was successiul. Ground troops
began closing a great pincer around the Rubr and the German armies
mn it.

“The enemy counted on supplying himseli within one of the
world's greatest arsenals. Hopes were high at first among the 17
German divisions. There was food for a month and a hali. Motor fuel
would be available because of the many benzol producers in the Ruhr,
Ammunition production could be continued and deliveries made on
the spot.

“During the Ruhr campaign, the Luftwafie was heard from once
more. Goering had begun plans for this last try in March, Ina s
cial order of the day Luftwaffe pilots were asked to volunteer for a
secret, dangerous duty, Some 300 were selected and sent to Stendal
for a 10-day course in ramming training, most of which consisted of
getting them into the right frame of mind by lectures, films and Nazi
indoctrination. They were taught mmming techinique—the technique
of flying out of the sun on a line astern of the bombers, opening fire
at extreme range, and holding it until the final sharp ramming dive
aimed just forward of the bomber's tail. Unlike the Japs, the pilots
were allowed to bail out if possible. Eighty pilots were equipped
with FW-190s and sent to Prague to operate against the Fifteenth
Army Air Force heavies, The remainder were given ME-109s and
organized into a unit of four groups known as Sonderkommando
Elbe and given such fancy names as Falken and Raubvogel, or hirds
of prey. On April 7, these groups were ready. At 9:30 am. they
were dlerted ; our Eighth Air Force was forming. Thirteen hundred
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heavies and 830 fighters were in the air at 11:16 am. Sonderkom-
mando Elbe rose to do andjor die. In their ears were dinned patri-
otic music and exhortations, and the pilots' radio transmitters had
heen removed from their planes 2o that they could not talk back.

“When it was over, 65 German planes had gone down before our
fighters ; the bombers' guns brought the total to 104, and there is no
estimate of how many enemy planes were destroyed by our 22 bomb-
ers and three fighters which were lost. The final ‘Big Blow' had
failed. And we went on. In the two-weeks period of April 5-19, the
Eighth and Ninth Air Forces almost annihilated the Luitwaffe, be-
tween them destroying 3,484 planes in the air and on the ground.

“As for the Ruhr pocket, it vanished in the 18 days from April
1-18, German commanders blamed the breakdown of distribution on
our air attack. It was impossible to supply the ammunition factories
or ship the finished product. An ammunition dump was useiul only
if a unit happened to be alongside it. The artillery regiment of the
soth Volksgrenadier Division had plenty of food, but there was no
way of sending it to the infantry regiments of the same division, some
of which had been without food four days upon surrender. Rear
echelons were stripped of weapons, Even so, infantrymen of the
176th Volksgrenadier Division were captured unarmed. Tanks, be-
ing mobile, conld get fuel and ammumnition from the dumps, but they
ran out of spare parts. Fighting units on the front had no fuel to
send trucks back to the dumps. Dump staifs found their trucks over-
burdened with the necessity of constantly shifting location, and could,
spare few wehicles to deliver to the front, And as with tanks, there
were no spare parts. Dump crews burned their gasoline, unable to
evacuate it, while front line crews destroyed tanks and artillery be-
cause there was no fuel to move them. The air interdiction of the
Euhr was complete.

“On April 16, Gen. Carl A. Spaatz, Commanding the U. S,
Strategic Air Forces in Europe, announced the end of the strategic
air war as such. Our big job was done; there remained only the
mopping up. The AAF's organization for these successive steps
in aerial conquest of Germany had undergone many changes since
the early days of August, 1942. For the final phase we were
formed into a series of air armies working in close and constant
cooperation, with flexibility of operations as the keynote. The U, S.
Strategic Air Forces in Europe, under Gen. Spaatz, comprised not
only the Eighth Air Force of Lt. Gen. James H. Doolittle, with three
air divisions, but also the Mediterranean-based Fifteenth Air Force
under Lt. Gen. Nathan F. Twining and the Twelith Air Force, under
the command of Major Gen, John K. Cannon. In addition to these
powerful air forces was the tactical Ninth Air Force, under Lt Gen.
Hoyt 5. Vandenberg, comprised of medium and attack bombers,
fighters, and fighter-bombers. Directly under SHAEF was the First



THE ARMY AIR FORCES IN WAR AND PEACE 93

Allied Airborne Army, commanded by Lt. Gen. Lewis H. Brereton.

“Although our air organization was adjusted to meet the needs
of a changing strategic and tactical situation, we held steadfastly,
despite early discouragement and temporary setbacks, to our over-all
objective of fatally weakening from the air the enemy’s will and
ability to continue the war. We achieved that objective.

“This does not mean that we won the air war alone. We must
never forget that the air war over Europe was a case of the closest
joint effort with the RAF, from beginning to end. At times the AAF
and the RAF employed different tactics and their secondary objec-
tives differed, but at all times it was done with complete understand-
ing of each other's capabilitics and Bmitations. A case in point is the
coordinated efforts of RAF night bombing and AATF daylight bomb-
ing of Nazi industry: each complemented the other, Another notable
example of cooperation is the use of Soviet bazes by the AAF for
shuitle bombing. Under this arrangement, at a critical stage of the
air war, Mediterranean-based and England-based heavies were able
to extend their range greatly and to strike at vital industrial targets
the Naziz believed they had placed beyond the reach of air attack,

*“With the Normandy invasion, another partner, the ground forces,
joined the all-out battle.against Germany proper. Nazi war indus-
try had been shattered by air attack, the Luftwaile had been crip-
pled, but there still remained huge and powerful Nazi ground armies
to be crushed before final victory. The magnificent job done by
allied ground forces is a matter of record. But again it was a case of
cooperation, this time between allied ground and air forces. Strategic
bombing continued as before, whereas tactical air operations shifted
from the role of softening up for invasion to cooperation with the
invasion forces in battle,

“The flexible organization of the AAF was suited to this dual
role. Our based-in-Britain heavies could at a moment’s notice turn
from a strategic mission to such tactical roles as bridge destruction.
When bases were gained in France, our medium and attack bombers,
fighters and Aghter-bombers became more deadly; and as airfields
were secured closer and cdoser to Germany, and even within Ger-
many itself, they could more and more effectively combine strategic

strikes with their tactical operations. It was at this point, with dis-
tance no longer a factor in differentiating strategic from tactical oper-
ations, that the air war reached its ultimate objective.

*This objective reached, we could look back almost with amaze-
ment to those dozen Fortresses pioncering daylight strategic bomb-
ing on August 17, 1942, through the long uphill fight of 1943; the
bombing of rubber production ; the shock of losing 6o bombers in the
attack on the Schweinfurt ball-bearing works; the fight against
weather as the Luftwaffe grew in potency in 1043 ; the development of
long-range fighters that could give us escort all the way; the fine
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days in February, 1944, which permitted our all-out offensive Agaimat
the German air foree: the aszault on V-weapon sites months before
the first buzz bomb hit London ; the pounding of airficlds and trans-
portation along the ‘invasion coast ; the opening of the, stmtegic
oil campaign on April 5, 1934, from Taly amd on April 11 from Lng-
landl ; D-Day on June 6, the sealing off of the baulefickd on the Seine
Loire triangle: carpet bombing for the breakthrough at St Lo on
July 25, the sweep across France, the Ardennes, the Rhineland ; Op-
eration Clarion; the Ruhr; and fOmnally. Germany prostrate ander
nearly a million and a half tons of bombs. Our total aircreaft losses on
combat missions were 18,418; the enemy lost 32,021, Some 254000
airborme troops had been transported by gth Troop Carrier Com-
miand, 210000 casualties from all zervices evacuated, Aillions of
propaganda leaflets had Auttered from the skies.

“We saw that mistakes had been made. Strategic bombing was
a new military weapon, and we had had to learn many things as we
went along, but we took pride in the job as a whole, Xari ground
commanders, Luftwaffe gencrals, manufacturers, politicians and
transportation men saw our air domination as the root of their dis-
aster, particularly the incessant bleeding of imdustry by strategic
bombing, especially the oil campeaign and the cumulative dislocation of
transportation. And it was the air threat, according to Speer, the
certainty that the bombers would keep coming, day after day, week
after week, that brought the final collapse.

“An exhaustive and impartial stuely of the results of the allied
bomber offensive on Germany was made during. 1945 by the U, 5.
Strategic Bombing Survey, an organization working directly under
the Secretary of War under a directive from the President, and under
the chairmanship of Mr. Franklin 12Olier, Its interim reports were
extremely valuable for use against Japan, and its final reports will be
fully utilized in future AAF planning,

“The actual end of the war in Europe brought little elation to the
fighting men, All romance and adventure had gone from war, even
in the air. It was big business, a great and grinding effort day in and
day out for millions. On V-IZ Day waste paper fluttered from Fifth
Avenue windows and crowds milled in-Piccadilly Circus: but for the
fighting men, the airmen, mechanics, operations men, intelligence
men and headquarters men, there was just the slow lifting of a
pressure. The war did not end in Europe; it ran out. The Germans
had been defeated for a long time. And, too, the war was still on.
Europe was only a part of the great war, and the men in Europe
turned to the Far East with little to say. They did not want to go,
just as they had not wanted o come to Europe, but there was a job
to be done and they would do it

“Redeployment began. Some AAF units went direct to the Pacific,
some were redeployed to the United States—the Zone of the Interior
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—for training in B-29's. High point men were discharged. And
then in the midst of the vast program, the Japanese surrendered.
Sehedules had been worked out, units were moving, some flying, some
on ships, some at replacement depots, An entirely new program had
to be devised for demobilization, and all schedules had to be revised.

“Remaining in Europe to guard the peace are light bombers,
highters, troop carriers, reconnaissance, mght hghters, liaigon squad-
rons and very heavy bombers. The Army Air Forees does not plan
to retain in Europe such bombers as the Fortress and the Liberator
which helped so very much to defeat Germany. Very important work
remaing to be done, Aside from redeployment, flying men home and
ferrying them to Air Transport Command bases and the policing of
(iermany, there are still big jobs unfinished. One is the making of a
large-scale photographic map of the conquered country, something
sorely needed and partially obtained only with great difficulty during
the war—a bird’s-eve view of Germany, just in case. Another is the
job of disarming the Luftwaffe—not only pulling its fangs but
plucking its brains,

“Air disarmament includes secking out and impounding Luft-
waffe documents, locating its technicians, scientists and experimental
specialists for interrogation, and securing the records of their work
and experiments. There is materiel of vital interest for testing and
development at Wright Field. Strange devices are being ferreted
out, crated, and shipped for study—irom blind landing equipment to
imira-red meteorological instruments and range finders, from radar
apparatus to crew chief stands, from jet engines to bomb sights, flak
guns to airborne cannon, compasses and cameras to medical docu-
ments and automatic pilots. Whatever the Germans had of worth,
we shall have. Whatever they hoped to develop, we shall know about.
We want to make sure it is not being worked on under the guise of a
peacetime product. Winning this war was a hard job, Air power
intends to do its share toward keeping the peace.

“On August 14, 1945, Japan, still the military ruler of half a billion
people and a land aren of nearly 3000000 square miles, admitted
complete defeat. This admission had been forced on her as the result
of a vast and well-coordinated effort on the part of all arms of the
United Statez services, the forces of our fghting Allies, and the
enormous industrial resources of our country. It is the province of
tl:_ti.s- report to sum up the part played by air power in the coordinated
effort.

“Fully recognizing the indispensable contributions of other arms,
I feel that air power’s part may fairly be called decisive. The collapse
of Japan has vindicated the whole strategic concept of the offensive
phase of the Pacific war. Viewed broadly and simply, that strategy
has Dbeen to advance air power, both land and carrier-based, to the
point where the full fury of crushing air attack could be loosed on
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Japan itself, with the possibility that such attack would bring alow
the defeat of Japan without invasion, and with the certainty that it
would play a vital role in preparation for and cooperation with, an
invasion. MNO iNVasion wWas Necessary.

“The war fought against Japan fell into three general phases.
First was a ‘defensive’ phase, from the attack on Pear]l Harbor and
other allied bases to the DBattle of Midway., This was followed by
the ‘holding’ phase, preventing the Japanese from extending their
stolen empire until our men and materiel could be deployed over the
wide expanse of the Pacific for offensive operations. As Germany
came first on most priority lists, an immediate offensive was not
possible, The third, or ‘offensive’ phase came during 1944 and 1945
Here we shall discuss our principal accomplishments in the Paeifie
from the close of 1944 to the Japanese surrender, with full recogni-
tion of what had gone on before to make those accomplishments
possible.

"“The hamessing of atomic encrgy and s application at the
climax of the Pacific war have tended to overshadow a most impor-
tant point. Even before one of our (Boeing) B-2g's dropped its
atomic bomb on Hiroshima, Japan's military situation was hopeless.
Without attempting to minimize the appalling and far-reaching results
of the atomic bomb, we have good reason to believe that its actual
use provided a way out for the Japanese Government. The fact is
that the Japanese could not have held out long, becanse they had lost
control of their air. They could not offer effective opposition to our
bombardment, and so could not prevent the destruction of their cities
amd industries. A modern industrial nation such as Japan would
never have admitted defeat unless her industrial potential had been
hopelessly weakened, the morale of her people seriously affected, and
her isolation from the essentials necessary to wage war rendered
virtually complete by blockade and the destruction of her Navy and
merchant fleet. The fanatical Japanese would never have offered to
accept the crushing terms of the Potsdam ultimatum merely because
of the odds against them. The Japanese Army was still capable of
inflicting heavy casualties on an invading force. The Kamikaze
Suicide Corps had shown its capabilities in the Philippines and
Okinawa campaigns and was preparing for an even greater effort
against our invasion. Yet the Japanese acknowledged defeat because
air attacks, both actual and potential, had made possible the destruc-
tion of their capability and will for further resistance. It should be
emphasized that the many phases and separate operations of those
susstained air attacks were closely and carefully related to each other
and had as a primary objective the defeat of Japan without invasion.

“Let it be clearly understood that the blockade of Japan was by
no means exclusively an air blockade. Since early in the war the
Japanese merchant fleet had been a primary target of our sea, air
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and submarine forces. To the submarines goes the chief credit for
reducing the Japanese merchant fleet to the point where, on V-] Day,
that fleet consisted of about 300 ships—a little more than a million
gross tons or 20 per cent of the shipping afloat when the war began.
Nevertheless, aircraft sank over a million tons of shipping in 1944,
and in spite of the dwindling number of targets, continued attrition
at the 1944 rate until the end of the war. By the end of the war, the
ses-air blockade was, to all intents and purposes; complete.
“Meanwhile, our B-2g's were making Japan bleed internally. A
necessarily candid report was given on September 4, 1943, by the
then Premier Prince Naruhiko Higashi-Kuni to the Japanese Diet.
“The general conditions of the country,” he said, ‘began to show
marked signs of impoverishment and exhaustion . . . 50 much %o
that in the days just preceding the termination of the war it seemed
almost impossible to carry on modern warfare further for any long
period of time. The manufacture of modern war materials, prin-
cipally aircraft, by mass production methods such as we had adopted
before would shortly have to face insurmountable difficulties as a
result of the destruction of transportation and communications fa-

THE BOEING H-x5 SUPERFORTRESS

‘The long-range heénvy bomber which made history by its raids on Japan. It was
powered by four 3300 hop. Wright Cyclone engines,
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cilities caused hy air raids . . . Our losses in naval and aerial strength
WETE 50 enormons as to obstruct seriously the proseécution of the war
.+ . Moreover, various industrics suffered directly from air raids
which caused huge damages to plants and lowered the efficiency of
the workmen . . . Frequent air raids together with depreciation of
rolling stock and equipment Drougin about a steady lowering of its
capacity and a tendency to Jose umilied control. Despite the excertion
of all possible efforts the carrying capacity of railways . . . would
have to be reduced . . . to less than one hali ag compared with last
year.” Experts now on the seene confirm this summary. What were
in some circles regarded as over-optimistic claims of the damage we
were doing have turned ont to be conservative.

“By the end of 1944, our Twentieth Air Foree had only begun
its assaults on the sowrces of Japanese industrial, economic, and
political strength. In 1944 not more than 100 bombers attacked Japan
in a single operation. In early August, 19435, 801 Superfortresses at-
tacked in a single night's operation. This increase in the numbers of
bombers is not the whole story., Domb load per aircrait increased
from 2.6 tons in November, 1944, to 7.4 tons in July, 1945 During
the entire period of operations the NXI Bomber Command flew
nearly 90,000,000 miles to and from the Japanese mainlamd, with an
accident loss rate of slightly more than one aireraft for every 1,000,000
miles flown. The percentage of airborne aircrait lost on bombing
missions dropped from a high of 3.7 per cent in January o o per
cent in July. The B-2g airmen became steadily more independent
of weather or natural vision, more a day-or-night air force, until in
July, the record month of B-29 cffort, more than 73 per cent of all
bomb releases were by radar.

“In March, Major Gen. Curtis LeMay, then commanding the W |
Bomber Command, made one of the important decisions of the war
—to attack Tokyo with incendiaries at low level at night with his full
force, In no previous operation, night or day, had our Ih-2gs bombed
from altitudes of less than 24,000 feet; but on the night of March g,
Tokyo was attacked by 279 B-2gs at a mean bombing altitude of
7,050 feet. The Japanese defcnses were confused, and only 14 B-29s
were lost to all canses, Some 15.8 square miles of the heart of Tokyo
were burned out in what was, prior to the use of the atomie bomls,
the most destructive air attack in history. The Tokyo attack was
followed by devastating night incendiary attacks on Nagoya, Kobe
and Osaka in quick succession, and thereafter the air campaign to de-
stroy urban industrial areas vital to Japan's ability to carry on the
war continued by night and by day until the day of capitulation,

“In all incendiary attacks over 100,000 tons of bombs were
dropped in the course of more than 13,000 sortics, against 66 Japanese
cities ranging in population from Tekyo, with its teeming millions to
the fish-processing city of Tsuruga, with a population of 31,000,
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Nearly 160 square miles were destroyed or damaged in the 60 cities
for which photographic reconnaissance is available, with more than
100 square miles burned out in the five major cities attacked. The
destruction, including that caused by the two atomic bombs, amounts
to over 42 per cent of the urban industrial areas involved. The 68
Japanese cities attacked with incendiaries and atomic bombs had in
1940 a total population of over 21.000,000—almost exactly equal to
our 12 largest American cities. We can imagine the effect on our
capacity to continue the war if the tables had been turmed, and Jap-
anese airmen had destroyed nearly half of any group of our industrial
citieg having a population of 21,000,000,

“Premier Prince Naruhiko Hagashi-Kuni admitted that by June,
1545, when all of the major cities of Japan had been attacked with
incendiaries, Japan's ability to carry on modern warfare was “disas-
tronsly undermined,” and that the destruction of the medium and
small cities in rapid succession thereafter had ‘calamitous conse-
quences.” In addition to the destruction of industrial installations, the
casualties cauzged had sipnificant effects in the dislocation of industrial
manpower and on enenty morale. The Japanese have stated that air
attacks killed 200,000, injured 412,000, leit 9,200,000 hnrnl:lﬂss, and
demolished or burned down 2,210,000 houses. Never in the history
of aerial warfare has such destruction been achieved at such moderate
cost. The combat efficiency of the B-20s was such that we were able
to reduce Japan more économically than Germany. We needed fewer
bages than had been required by us in Europe. In all the attacks on
urban industrial arens, the loss ratio, due to all causes, was only
1.2z per cent of attacking aircrait. In the group of cities under 100,-
oo0, three and one-half square miles of urban industrial area were
destroyed for each B-29 lost to any cauge. The smaller cities were,
generally speaking, attacked during the months of July and August,
and the low loss ratio reflects the steadily increasing operational ef-
ficiency of the B-2gs, the decline in scale of attacks and aggressive-
ness of the Japanese Air Force, and the total ineffectiveness of the
anti-aireraft defenses of the smaller cities. _

“In the last months of the Pacific war we had, as previously stated,
the benefit of interim reports of the U, 5. Strategic Bombing Survey,
which had been evaluating damage in Europe. Survey teams includ-
ing specially qualified men visited the bombed targets, studied the
damage on the ground, interviewed German personnel, and examined
German records. Their findings supported the value of attacks on
the enemy's key industiries.

“In the Japanese aircraft industry total serious damage amounted
to 30.0 per cent of the estimated 8g,300,000 square feet of plant area
devoted to that industry. It has been estimated that the combination
of attacks on the aircraft industry and on urban industrial areas denied
to the Japanese some 7,200 combat airplanes which, in the absence of
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bombing, would have been produced by August, 1945, The attacks
on urban industrial areas were responsible for substantial losses,
especially because of the destruction of propeller plants. The two
most important plants, which together were responsible for 70 per
cent of the output of propellers for combat aircraft, were rendered
useless, It i3 thought that the damage to the propeller plants alone
without further attack on the aircraft industry would have reduced
Japanese airplane production by November, 1945, to a rate equivalent
to 41 per cent of January, 1045, production.

“Prior to the cessation of hostilities, Japanese home islands rates
of production of petroleum products had been reduced to 65 per cent
of requirements at the July, 1945, monthly rate of consumption. The
synthetic oil industry was a material sufferer—it has been estimated
that air attacks in 1945 against synthetic oil plants cost Japan thouo-
sandz of barrels of petroleum products, By the end of hostilities, air
attack had at least temporarily put out of operation 100 per cent of
Japan's high grade lubricating oil capacity. Tetraethyl lead produe-
tion was down to 28 per cent of capacity. While the Japanese had a
considerable surplus of refining capacity at the end of the war, B-2g
attacks during 1945 against 11 of the largest and most modern re-
fineries in the Home Islands had, nevertheless, rendered these re-
fuderies useless, Likewise, although Japan's inalality to ship oil from
the southern areas had led her to develop a large excess oil storage
capacity, that capacity had been reduced by nearly 6,000,000 barrels
by air attack.

“There were other important phases of the integrated over-all
plan of air warfare. For instance, the story of B-20 mining operations
and the part these operations played in the blockade of the Home
Islands has for security reasons never been fully told. This was the
first use of aerial mines as a truly strategic weapon. 'D:mcnrning the
B-20 mining operations, Adm. Nimitz cabled Gen. LeMay, “The
planning, operational and technical operation of aireraft mining on a
scale never before attained has accomplished phenomenal results . . '

"By combining the four basic types of influence mines, each with
a wide range of adjustments, 200 different mines could be produced,
each tailored for a special job. The mining program was divided into
five major phases, The first phase, started on March 27, 1945, in-
volved mining the wital but narrow Shimonoseki Straits between
Honshu and Kyushu, and certain naval bases out of which Japanese
naval units were likely to steam to the defense of Olinawa. In the
second phase, B-20's ranged from Shimonoseki Straits to Tokyo Bay,
the plan being to interdict the shipping lanes between the great indus-
trial cities, which depended on water transportation for 75 per cent
of their requirements. In the third phase, attention was turned to the
secondary ports along the western and northern coasts of Honshu, on
which Japan was becoming more and more dependent for any com-
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merce from Manchuria and Korea across the Sea of Japan. The

fourth phase involved intensified mining of the ports of northern amd
weztern Honshu and Eyvushu, Kobe and Osaka, In phase five, every
port of consequence used by the Japancse on the southern and eastern
coasts of Korea was mined, and re-mining of other ports was con-
tinued. Mining the port of Rashin, lorea, only 125 miles from Vindi-
vostok, invalved a round trip of 4,100 |:u:|]4“-r.1 I.I;E.Ltlh Iwo Jima for
staging purposes. Throughout the mining campaign, nearly halt the
mines dropped were reserved for Japan's shipping bottleneck, Shimo-
noseki Straits. All mines were dropped by radar at night. Accumulat-
ing evidence points to the fact that this mining campaign achieved
greater success than was anticipated. More than hall a million tons of
r.iﬁpi:ing were sunk, damaged or immobilized, The blockade as a
whole was 20 complete that only the thinnest trickle of raw materials
flowed from the Asiatic continent, shipments of food were a fraction
of that required to keep the Haome Islands above a starvation diet, and
the Japanese were unable to supply their vast forces in ‘Greater Eust
Asia” with adequate equipment.

*“These were the principal operations against the Japanese Home
Islands. What did they cost in terms of men and airplanes * In cight
months of operations of the XXI Domber Command, 212 highly
trained crew members were killed, 307 were seriously wounded dnd
2,270 were reported n:l‘-’.ﬁl:]g The figures arc substantial, but they
amount only to 1 per cent of the erew members airborne on hombing
missions. To the end of July, 339 B-29s were lost by the XXI Bomber
Command to all causes, 218 of them heing lost to enemy action or 1o
an unknown cause in combat. The Japanese reached the peak of their
air effort in April, particularly over the Kyushu airficlds, and against
the Allied Air Forces as a whole. Thereafter, the effort of the Jap-
anese Air Foree against the D-29s dwindled steadily in numbers and
aggressiveness, to the point that in July, when B-2gs dropped more
than 42,000 tons of bombs on Japan, only 99 Tapanese fighter attacks
were reported. B-2g9s held their own against Japanese fighters. The
X X1 Bomber Command during its eight months of operations claimed
756 enemy aireralt destroyed, or 3.4 enemy aireraft destroyed for each
B-2g9 lost to encmy aircraft, anti-aircrait, or to an unknown cause.
Some 216 enemy aircraft attacks were reported made for each B-29
lost to enemy aircraft.

“In taking up the air operations in other Pacific theaters, it should
be remembered that, though distinct, these operations were parts of a
whole—steps in a planned pmgresa The destruction of Japanese air
power in ene theater not only advanced or made possible the land and
sex operations with which it was coordinated, but also contributed
materially to the more and more fatal over-all weakness of the Jap-
anese Air Force. In the Philippines, the rapid construction of air
strips on Mindoro, Leyte, and Samar at the end of 1944, provided
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Major Gen. Ennis C, Whitehead’s Fifth Air Force with its first ade-
quate bases, particularly for operations against the network of air
bases around Manila. In the meantime, the Thirteenth Air Force
i Major Gen. St, Clair Streett) moved from the Admiralty Izlands to
Morotai and became active against the southern Philippines and the
adjacent areas. These two air forces then turned their attention to the
destruction of the Japanese Air Force, which had continued its efforts
to keep up itg strength, despite ruinous losses. In a single month, the
Japanese Air Force in the Philippines dropped from 654 combat air-
craft to 60, The Japanese from then on were through in the Philip-
pines ; apart from a suicide effort against convoys on the way to Lin-
gayen gulf, the landings and the campaign on Luzon and the other
islands were unopposed by enemy aircrait.

“The enemy air foree having been eliminated, the Fiith Air Force
went to work softening up Luzon for imvasion. Corregidor, which fell
to the Japanese on May 6, 1942, after five months of battle and 28 days
of siege, is an example of the effectiveness of this pbase of operations.
This island was blasted again and again by our heavy bombers, and
was so battered that when our forces landed, they met no organized
opposition. The few Japanese encountered were too dazed by the
ordeal to offer effective resistance.

“WWhen air bases on Luzon became available, the Fifth Air Force
again moved forward. Once again the Thirteenth Air Foree moved
into bases vacated by the Fifth, and entered a phase of concentrated
ground cooperation with guerrilla forces. Under Brig. Gen, Paul D,
Wurtsmith, the new comumander, special fghter control sectors were
organized, equipped with adio jeeps, and assigned to guerrilla head-
quarters for direct air-ground coordination. These jeeps were able to
give on-the-gpot ground control to our fighter sweeps, aiding their
effectiveness and the effectiveness of the guernlla forces as a whole.
Meanwhile, the Fifth Air Force entered tl'l-t! ground cooperation stage
of its activity. The gmwlh of its effort is illustrated by the fact that
105 ground cooperation sorties were flown during January, and
4,003 sorties were flown during March, 1043,

*Napalm bombing was used effectively during these ground-air op-
erations. Napalm is a soit gasoline-impregnated jelly which our tests
at the AAF Proving Ground in Florida and m experimental drops
both in Europe and in the Pacific had proved almost non-extinguish-
able. Loaded in 110-gallon tanks with a detonator the small fuse of
which exploded on impact, napalm could be laid down, by fighter
planes carrying two or three tanks apiece, in a literal blanket of fire
ITTJ the caves and ditches in which a stubborn enemy might try to

ald out.

“The Ipo Dam east of Manila was essential to an adequate water
supply for the Philippine capital. The well-armed Japanese were
holed up in an organized series of cave positions, where artillery shells
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and aerial hombs were comparatively ineffective, and it began to ap-
pear that the campaign might last indefinitely. Into the Ipo area
crawling with Japanese the Fifth Fighter Command dropped over
1,000 tanks of napalm in a series of raids on May 16-18, The stub-
born, fanatical Japanese were transformed into a rabble. The 43rd
Division went in standing up.

“Possession of air bases in the Philippines gave us the opportunity
to cut off by air blockade the water shipment of the rich and badly
needed resources of the gouth regions of Japan's stolen empire ; Gen.
George C. Kenney's Far Eastern Air Forces, in coordination with
brilliant efforts by the Naval Air Arm, lost no time in making good
the opportunity.

“In the Okinawa campaign, it was necessary not only to knock out
the enemy air strength on that island, but also to hold down the flow
of reinforcements and scale of attacks from other areas. Jap air
strength on the Home Islands, on Formosa and lesser islands, and
along the China eoast was all in position to be brought to bear against
the invasion fleet, and many other lucrative targets. On the other
i1flﬂd. our advances permitted us to plan the greatest, best-coordinated
air effort the Pacific war had seen up to that time. Defore D-Day
carrier task forces struck Kyushu, Formosa, and Okinawa itself. The
XX Bomber Command, based in China, commenced its attacks on
Formosa. The XXI Bomber Command, hased in the Marianazg, flew
photo reconnaissance missions over Okinawa, mined naval bases in
the Home Tslands, and helped to contain the Japanese Air Forces
hased in the Home Islands by the steadily mounting scale of its at-
tacks, both day and night, against the Home Islands. During April
alone, ::fh:_r the invasion had begun, the XXI Bomber Command flew
1.212 sorties against airfields on Kyushu, damaging repair and main-
tenance nstallations. During April, P-51 (North American Mus-
tang) fighters from Two Jima also started their attacks on Kyushu
airficlds. Heavy and medium bombers of the Fifth Air Force in the
th_h]'.llpmes pounded airfields on Formosa day and night, maintaining
their attacks on that island until the end of the war, The Fourteenth
Air Force bombed Japanese airfields along the China coast.

“Two days after the landings on Okinawa, Marine fighters were
using repaired Japanese air strips. During May the first P-47N (Re-
public Thunderholt) fighter group in the Pacific theater commeneed
operations from e Shima, From every standpoint, however, Okinawa
was the gnmmest battle of the Pacific war. The supreme effort of
the Kamikaze Corps hardly requires detailing in this report. In a
little over two months the Japanese lost more than 4,000 aircraft.
Their staying power was gone; as had been the case before in the
Pacific, the Japanese Air Force was not present for the climax of the
ground campaign. Nor did the Japanese Air Force ever come back
in strength ; our subsequent operations from Okinawa, as well as our
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air attacks as a whole against the Home Islands, met dwindling op-
position.

“Bulldozers and shovels were busy on Okinawa air strips on the
day our forces landed. The Japanese had left us seven battered air
strips on le Shima and Okinawa ; without making use of more than
three of these;, we planned a minimum of 23. By the end of July an
average of 35.000 tone of matericl was being daily unloaded on
Okinawa. At the end of hostilities the Army Air Forces alone had
four heavy bomb groups. five medivm and light bomb groups, and
nine fighter groups operating from Okinawa and Ie Shima. By early
November, when an invasion of southern Kyushu was scheduled, we
planned to have 47 groups of Army, Navy and Marine planes (in-
cluding 12 groups of B-29s) based on Okinawa and Ie Shima. Uls-
mately, Lt. Gen. James Doolittle’s Eighl:.'h Air Foree would have
consisted of 20 groups of B-2gs.

"From a small beginning on May 17, nh:n P-47N fighters bhased
on le Shima first attacked Kyushu targets, the scale of coordinated
air attack by the Fifth and Seventh Air Forces (the latter commanded
by Brig. Gen. Thomas D. White) rose steadhly until, during the last
weeks of the war, it surpassed in scale and concentration anything
previously achieved in the Paecific war. This wasz achieved notwith-
standing the almost continuous handicap of adverse weather, particu-
farly the low clouds and fog of summer over Japan. More than 8co
zorties were flown in a single day, and nearly 400 aircraft attacked a
single target on Kynshu, Bombers and fighters, aiter an early concen-
tration on cnemy airfields on Kyushu, turned their attention prin-
cipally to communications and industrv. Shipping targets near
Kyushu, in the Inland sea, Tsushima straits and the Yellow Sen
ranged from battleships to small fishing craft. Land communications
targets included rail yards, tunnels, bridges, tracks, locomotives, and
rolling stock. Factories, warehouses, radar facilities and fuel dumps
were attacked with bombs, rockets, napalm bombs, and machine gun
fire. Meanwhile, P-5I fighters based on Iwo, although concentrating
generally on airfields in the Tokyo, Nagoya, and Kobe-Osakn areas,
were in fact hitting virtually as-wide a variety of targets as the Fifth
and Seventh Air Forces. In approximately four months of operations,
Iwo-based P-31 fighters flew 6,800 sorties against targets in the Home
Islands and as ezcort for B-ags,

“The Japancse Air Force, carefully husbanding its remaining
strength for the day of invasion, never opposed this growing tactical
effort with as many as 100 aircraft at one time. When opposition was
offered, it was generally an effort to attack small AAF formations of
less than 25 aircraft; such AAF formations became increasingly dif-
ficult to find. In effect, the Japanese Air Force defaulted the final
tactical air battles over Japan.

“In introducing this account of the air war in the Pacific, it was
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pointed out that the ¢poch-opening fall of the atomic bombs on Hiro-
shima and Nagagaki did not cause the defeat of Japan, however large
a part they may have played in assisting the Japanese decision to sur-
render. Japan was defeated already by the cumulative destruction of
her capacity to make war. The implicatioms of the boimb will be dealt
with later, when we consider the lessons of this war and what may be
expected of air power in the future. One point, however, should be
noted here.

“In defanlting the hGnal wetical air battles over Japan, the Jap-
anese Air Force proclaimed its own total defeat, The hoarded planes
wonld certainly have done tremendous damage to our invasion fleet
if they had been thrown in in mass suicide attncks, but this hoarding
meant that we could deliver unopposed the atomie, or any other bombh,
to any point we chose in the Japanese islands. The atomic bombs
were staggering in their destructive scope; but their unbeard-of.
powers simply underlined the basic truth that our command of the
air had already marked out every Japanese war installation or produc-
tion facility for certain and complete destruction. Japan was lost from
the moment it became plain that the long outmatched [apanese Air
Force was both powerless to prevent us from setting up bases for the
huge B-2g9 missions against the key industrial citics, aml mcapable
of making these missions so costly that we would have w slack off,

“The first achievement in 1943 of the Fourteenth Air Force under
Major Gen. Claire L. Chennault in China was smashing its opponent
in the air. In January the Japanese Air Force was still countering
our attacks, During this month 211 enemy aircraft were destroved
and on several days there were determined air battles, The Fourteenth
Air Foree ran up over-all acrial combat scores of three-to-one, and the
collapse of the Japanese Air Force was rapid. After January only o
Japanese aireraft were claimed destroved in the air, and none were
claimed after June in that theater. In 1944 about Hoo Japanese air-
craft were based in China. In July, 1945, the force included only 200
dispersed and inactive aircrait. The attainment of air supremacy in
China was an uphill fight. In spite of the reopening of the Burma
Road and the completion of the pipeline to Kunming, the supply posi-
tion of the Fourteenth Air Force was never better than eritical. Re-
gources had to be hushanded for the most essential commitments, Loss
of the forward air bases threw our aireralt back on high altitude fields,
to which aircraft damaged in combat were forced to fly lack, fre-
quently over mountains, Only stamina and the ahility to do much with
little kept these airplanes flying. Notwithstanding such handicaps, the
Fourteenth Air Force flew more than 13,000 sorties in 1945,

“Fortunately, by Spring the South China and Indo-China consts
were within mare economical range of Philippine bases, and after the
capture of Okinawa, the Shanghai area was heavily attacked by the
Fiith and Seventh Air Forces. These developments made it possible
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tor the Fourteenth Air Force to concentrate increasingly on inland
targets of importance, notably the Japanese communications corridor
running north and south on the Hankow-Hengvang avis. Operations
were so organized that in emergencies the Fourteenth could apply its
entire striking power in direct cooperation with Chinese ground
forces. Thus, both March drives of the Japanese ground armies, first
on Hsian and Ankang and later toward Chihkiang, were successfully
repulsed with the assistance of the Fourteenth Air Force. Japanese
troops and positions were effectively and re-pml.ﬁll_'r attacked, and air
power was the most vital factor in preventing the Japanese from capi-
talizing on their ground superiotity.

“\When the Japanese, in May, decided to give up their Greater
East Asia corridor and to withdraw from southern China, they found
their mobility and supply lines eritically reduced by the attacks of the
Fourteenth Air Force, No consceutive streteh of more than 50 miles
on their main rail line was in operation at any one time. Rail move-
ments were disrupted constantly. Even road convoys at night were
heavily attacked. One of the Japanese commanders in China stated at
this time that withdrawal would require ene year if equipment were
abandoned, and two years if an attempt were made to salvage their
matertel. ¥

“In itz 1945 campaign against rail and road communications and
river shipping throughout the length of China, the Fourteenth Air
Force destroyed 632 locomatives, 30 railroad earz, 1,007 trucks, 427
bridges, and 2,114 sampans, junks and barges.

“The capture of Rangoon early in May, 1945, brought to a close
one of the most difficult and original camipaigns of the entire war, It
was a campaign conducted over one of the world’s most difficult ter-
rains and in one of the world's most arduous chmates. The conquest
of Burma has brought to light some new concepts and tactics in war-
fare, particularly in regard to the use of air power. In the Burma
campaign it was shown that whole armies can be transported, sup-
ported, evacuated and supplied entirely by air. Obwiously, ground
dlivisions could not have been moved rapidly about had we not
achieved air supremacy, In Burma, by January, 19435, the transport of
large units of men and equipment bad become so commonplace, as
well as so necessary, that the pattern of future operations was ob-
vious, Apart from the movement of regular ground forces, airborne
engineers captured or, constructed one airfield after another in Cen-
tral Burma. In addition to the normal air supply of the Fourteenth
Army in Central Burma—a huge but routine commitment averaging
at the time about 1,750 tong daily—our air forces continued to fur-
nish accurate and indispensable fighter and fighter-bomber coopera-
tion with the ground forces, often destroving enemy strong points
within 100 vards of our front lines.

“By April the Burma campaign had resulted in the capture of
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Heiktila and Mandalay, but the Fourteenth Army was still oo miles
from Rangoon and the sen supply vital to its maintenance during the
monsoon seagon, only six weeks away. No less than 356,000 men
were wholly on air supply at this time—a number steadily growing
—and the problem of maintaining this buge commitment during the
difficult Aying weather just ahead loomed as the major factor in the
campaign. To these troops it was Rangoon or Monsoon, or—as the
RAF humorously expressed it—"Goon or Monsoon,

“The RAF and AAF units were harmonicusly integrated in the
Eastern Air Command under Lieut. Gen. George E. Stratemeyer.
COn May 3, 1945, two British motorized divisions, which had been en-
tirely supplied by air during their dash through Central Burma,
rolled into Rangoon. There they joined a Gurkha paratroop battalion
which had been dropped a few days earlier, and seaborne forces which
had been supported by carrier aircrait and by the entire strength of
Allied aircrait within reaching distance. A campaign without prece-
dent in the entire war was over. During the entire conguest of Burma
the Air Transport Command never faltered in its assigned job of
hauling over the Hump an ever-increasing tonnage—in excess of
46,000 tons during May, 55,000 tons during June, to a maximum of
71,000 tons in July, 1945—ior vital needs of the Fourteenth Air
Foree and Chinese,

“The Borneo campaign is an excellent example of the effectiveness
of air cooperation as it prepares for and coordinates with amphibious
operations, and of air cooperation with ground forces advancing over
'[liﬂ"lﬂl-il terrain. In connection with Australian landings at Tarakan
island, at Brunei bay, and at Balikpapan first attention was given to
the neutralization of the enemy air force. On Borneo itseli and in the
Celebes and Java, the Japanese had approximately 100 aircraft capable
of interfering with the Australian operations. The Tarakan landings
were made on May 1, yet it was not until May 27, that the Japanese
Air Force made its first attack on the Australian positions on Tara-
kan. During the entire period of operations, but three dozen unsuc-
cssﬁ[tﬂ attacks were made by the Japanese Air Force on all Australian
positions. :

“The heavy combined air and naval bombardments of the Jap-
anese positions in the landing areas were equally successful. Japanese
opposition to all the landings was slight ; the Australians did not suf-
fer a single casualty on the beaches of the Balikpapan area. The
Thirteenth Air Force and the Royal Australian Air Foree, which
were responsible for the air effort, had to overcome handicaps of
distance in all these operations. The nearest Thirteenth Air Force
bases were at Sanga Sanga, Morotai, Zamboanga and Palawan, hun-
dreds of miles away. However, excellent work was done by airdrome
engineers in repairing captured airstrips; for example, at Tarakan,
the airstrip was operational six days after the landings. The light
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Australian casualties in the Borneo operations indicate the effective-
ness of the air cooperation after the landings. The total Australian
casualties in Borneo were 436 killed, 1,460 wounded, and three
missnig,

“Apart from air cooperation with amphibious operations—for
example, the landings on Iwo Jima were preceded by 7o consecutive
idayvs of acrial bombardment—the mission of our air forces in the Cen-
tral Pacific was to keep the numerous Japanese air bases in the by-
passed islands neutralized, not only to prevent air attack on our own
bases, but also to afford secure passage through the Central Pacific
to our naval surface units, our convovs and our air transport traffic.
Such Japanese island bases as those on Marcus and in the Bonins and
Truk islands were policed regularly by B-24s and fighters, and toward
the end of the war, by B-2gs on shakedown training missions. The
Japanese made several attempts to stage aireraft from Mareus to Truk
for attncks on our Marianas baszes, but because of the alertness of our
intelligence and operations officers, the Mananas were never attacked
by Japanese planes in 1945. During these last months the Central
Pacific was, for all the Japanese Air Force could do, virtually an
American lake over which our combat and transport planes flew
unmolested.

“In the closing nine months of the war in the Far East, the Air
Transport Command’s Pacific Division doubled its aerial support of
the final oifensive. From January through August, 1945, this Division
flew mﬁ:,z.;&g}n ton-miles and 1,07r1.480,000 passenger-miles, and
moved 26,000 air evacuees from all branches of the service to the
United States. During the same period, 3,301 tactical aircraft were
delivered to the Pacific theater, The ATC was called on Frequmtl:,,-
to deliver critical items to the fronts. Within a matter of hours after
Lt. Gen. Buckner's appeal, it flew 200 tons of mortar shells to throw
into the decisive offensive on Naha in Okinawa. Mare recently, ATC
transports led the invasion of Japan with airborne troops and sur-
render-acceptance parties, and established regular air transport service
into the defeated nation,

“Perhaps the main point about all our air operations in the war
against Japan is that they were part of a vast, complex and coordinated
whole. The role of air power was recognized and its potentialities
were brilliantly exploited hy the theater commanders, General of the
Army MacArthur, Fleet Admiral Nimitz, Admiral Lord Louis
Mountbatten, and Lieutenant General Wedemeyer. Our strategic
bombardment was, as it ‘should have been, directed by a central
agency, the Joint Chiefs of Staff in Washington. Our tactical air
forces, for their part, fitted flexibly into the patterns of individual
campaigns. Personal prerogatives, military and naval protocol, were
subordinated to the requirements of a common cause.  Seabees built
runways for Army aireraft, and Army Aviation Engineers for Navy
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and Marine fliers. An elaborate warning and alert systen was set up
by the Chinese for our airmen in China, and American fliers spear-
headed and eovered ground advances for Australian troops. To defea
Japan speedily and with a minimum loss of lives was the purpose
uppermost in everyone's mind ; the AALF is proawd of itz record the
struggle.

“This is a final report on the war activities of the Army Aar
Forces. 1 would also like to make it a document of some help to those
entrusted with the future security of our country, as well as to the
leaders of our Air Forces in the future, Tt is not possible to cover all
the canszes and effects from which timely lessons from the war may be
drawn. A number of indicated steps, however, may be taken in the
near [uture, Many of them are not so clear, and will require vears
of study and evaluation before they become apparent. Meanwhile, 1
offer herewith in both categories some of the personal conclusions
which I have reached after my many years of service, and as a result
of my experience in command of the Army Air Forces during World
War I1. It must be barne in mind that these conclusions are my own
and may or may not reflect the views of the War Department.

“Wars are fought today not solely by ground, naval and air forees
hut by all citizens united in a joint effort which touches every phase
of national and private life. The danger zone of modern war is not
restricbed to battle lines and adjacent areas but extends to the mer-
maost parts of a nation. No one is immune from the ravages of war.
With present equipment, an enemy air power can, without warning,
pass over all formerly visualized barriers or ‘lines of defense’ and can
deliver devastating blows at our population centers and our indusirial,
economic or governmental heart even before surface forces ean he
deployed. Our own air force, when mobilized and deployed, would
have a similar capalility and might attack an enemy within hours
instead of the days, weeks or months required by our suriace forces.
Future attack upon the United States may well be without warning,
except what may be obtained from an active national intelligence
agency.

“In any future war the air force, being unique among armed
services in its ability to reach any possible enemy without long delay,
will undoubtedly be the first to engage the enemy and, if this is done
early enough, it may remove the necessity for extended surface
conflict.

“Tt is entirely possible that the progressive development of the air
arm, especially with the concurrent development of the atomic ex-
plosive, guided missiles, and other modern devices will reduce the
requirement for or employment of nass armies and navies. These
latter forces must have sufficient rapidity of movement or he sui-
ficiently dispersed at all times to avoid location and destruction by
future airborne power,

el



THE ARMY AIR FORCES IN WAR AND PEACE 111

“Air superiority accordingly 15 the Arst essential for effective of-
fense as well as defense. A modeérn, antonomous, and thoroughly
trained air force in being at all times will not alone be sufficient, but
without it there can be no national security.

“As a nation we were not prepared for World War IL Yes, we
wom the war, but at a terrific cost in lives, human suffering, and ma-
teriel, and at times the margin of winning was narrow. History alone
can reveal how many turning points there were, how many times we
were near losing, and how our encmies’ mistakes often pulled us
through. In the flush of victory, some like to forget these unpalatable
truths. Our enemies’ blunders, not likely to be repeated in the future,
contributed materially to Allied victory., Among them were the fol-
lowing : a. Germany’s underestimate of the power, technological re-
sources, and the determination of the Royal Air Force in the Battle
of Dritain, b The failure of Germany to invade England, which
would have been possible after Dunkerque. ¢. Underestimation of the
temper and power of the United States. d. The failure of Germany to
appreciate the threat of the United States heavy bombers, and to
undersiand and adopt the strategic uses of air power. ¢. Germany's
incapacity to understand the Soviet Union's determination to main-
tain its integrity, and to realize the power with which it would back
that determination. f The faillure of Japan to invade Hawaii after
the Pearl Harbor attack. g. The failure of Japan to secure bases in
Australia.

“Although we were woelully unprepared as a nation, we still had
the time so essential to build a military force, time given us by our
Allies fighting with their backs to the wall, and by the distance of
oceans, That precious time without doubt will not be given us again.
Today many modern war devices of great destructive power can be
built piccemeal and under cover. Sub-assemblies might be secretly
made in underground laboratories, and assembled into an annihilating
war machine. War may descend upon us by thousands of robots
passing unannounced across our shorelines—unless we act now to
prevent them.

“Today, Japanese and German cities lie in ruins, but they merely
suggest the vast destruction that can be done with the weapons of
tomorrow. The first target of a potential aggressor might well be our
industrial system or our major centers of population. If the United
States is to be secure in the future, we must never relinguish the
means of preventing such a blow, The AAF's size and power have
been achieved only by tremendous efforts and expenses which, to a
large extent, might have been unneceszary if as a nation we had been
realistic about war from 1630 to 1040.

“What we shall lose in size as a peacetime air force, we must
compensate for in the lessons we have learned in two world wars,
Equally with the problems of today, the problems which may have
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to be faced in ‘toys or 1985 will require imagination, holdness and
the utilization of available skills, manpower and resources, It is re-
called that at the outset of this war, some of the leading aircrait manu-
facturers in the conntry stated that they could not make the NECEssary
number of airplanes in the time set. They also believed that only
aircraft companies could manufacture aircrait because of the precision
methods required. As it turned out, automobile, refrigerator, radio
and other manufacturers quickly learned to produce aircraft and re-
lated equipment with precision methods.

“*Certain strategic and eritical nmterials necessary to the AAF
might be difficult to procure in timie of war. Such matertals must be
procured in time of peace and a sufficient stockpile maintained.

“The training of personnel in time of war, like the production of
materials, can only be done in a wholesale manner by utilizing all
available facilities and experienced operators wherever found. While
we trained men in new skills, we also went to the shops, garages,
laboratories and factories of the nation and adapted old skills to new
military jobs. Ingenuity of this kind kept us going through a very
critical period.

“As we think of the future, we would do well to remember that
any United States preparation for preserving the peace would be in-
complete without participation by other nations of this hemisphere.
The American republics must work together in ever closer unity, To
this end, military equipment, training and indoctrination should be
standardized as much as possible among these nations, especially in
the technical field of aviation,

“Since the birth of this nation, the people of the United States,
peace-loving and hoping for world-wide acceptance of our concept of
democracy, have never sponsored a strong peacetime military or-
ganization. History has demonstrated that we have thereby neither
avoided war nor deterred others from going to war. We cannot
measure the price which we have paid in lives and effort for the wars
in which we have participated. We eannot know for certain to what
extent the maintenance of a strong peacetime military organization
would have reduced the price we have paid in past wars, nor to what
degree such an orgamzation would have worked toward the main-
tenance of world peace. We do know, however, that the course which
we have followed in the past has not achieved the goal which we
sought. Might it not now be wise to try the alternative course of
action in the hope that it will bring us what we seek—world peace
and our own security ¢

“Air power includes a nation’s ability to deliver ecargo, people,
destructive missiles and war-making potential through the air to a
desired destination to accomplish a desired purpese. Air power is
not composed alone of the war-making components of aviation. Tt is
the total aviation activity—civilian and military, commercial and pri-
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vate, potential as well as existing, Military air power—or air force—
13 dependent upon the air potental provided by industry which, mn
turn, thrives best in an atmosphere of individual imtiative and private
enterprise. Government can do much to increase this air potential
by judicious use of its coordinating and planning powers,

“An air force is always verging on obsolescence and, in time of
peace, its size and replacement rate will always be inadequate to meet
the full demands of war. Military air power should, therefore, be
measured to a larnge extent by the ability of the existing air force to
absorb in time of emergency the increase required by war together
with new ideas and techniques. National safety would be endangered
by an air force whose doctrines and techniques are tied solely to the
equipment and processes of the moment. Present equipment is but a
step in progress, and any air force which does not keep its doctrines
ahead of its equipment, and its vision far into the future, can only
delude the nation into a false sense of security. Further, our concept
of the implements of air power should not be confined to manned
vehicles.  Controlled or directed robots will be of increasing impor-
tance, and although they probably will never preclude some form of
human guidance, reliance upon direct manual skills in pilotage will
gradually decrease. :

“In practical terms for the immediate fotore, the doctrine of air
force growing out of the larger concept of air power can be expressed
as a determination : 1. To maintain a stoking air arm in being. 2. To
keep the AAF and the aviation industry able to expand harmoniously
as well as rapidly. 3. To maintain well-equipped overseas bases. 4.
To support an alert and aggressive system ol commercial air trans-
portation—one of the foundations of American air power, 5. Ta re-
member that it is the team of the Army, Navy and Air Forces work-
ing in close cooperation that gives strength to our armed services in
peace or war. 6. To make available to the United Nations organiza-
tion, in accordance with the provisions of its charter, adequate and
effective air force contingents for possible use by the Security Coun-
cil in maintaining international peace and security. 7. To promote
gcientific research and development, and to maintain a close contact
with industry,

“In accordance with its plan for transition from war to peace, the
AATF will reduce its officer and enlisted personnel to less than one-
fifth of its war strength. There will also be an orderly reduction in
the number of installations, and the surplus airplanes will be disposed
of in a manner which will not disorganize the aireraft industry.
Prompt and speedy disposal of surpluses is a keystone to our postwar
progress and a healthy aviation industry. Equally important at the
present time is the retention of sufficient personmnel, equipment and
facilities to maintain adequate occupation air forces and to provide for
the supply and rotation of personnel in Europe and the Pacific, the
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streamlining of demestic commands for peacetime functions and the
adjustment of air transport to military needs. Our air force must be
flexible in its basic structure and capable of successiully adapting
itself to the vast changes which are bound to come in the foresecable
future. Whatever its numerical size may be, it must be sccond to none
in range and striking power.

“The strategic theory, upon which were based the major air opera-
tions in World War 11, was not new. Its application, however, was
new, and in the course of the war the original concept was greatly
extended,

“The strategic theory, as applied to the United States air war-
fare concept, postulates that air attack on internal enemy vitals can
so deplete specifie industrial and economic resources, and on otca-
sion the will to resist, as to make continued resistance by the enemy
impossible. To accomplish the strategic purpose, it is necessary 1o
destroy only a small proportion of mdustry, probably not more than
a fraction of the total required to conduct modern warfare on a large
seale. Indiseriminately widespread destruction of enemy industry 1s
simply a waste of effort.

“Examination of any national economy will disclose several spe-
cific industries or other national activities without which the nation
cannot cffectively carry on modern warfare. It is conceivable that
there will always be one industry, such as the oil industry in Germany,
s0 necessary to all phases of the national war-making ability that its
destruction would be fatal to the nation. The real cifect of our stra-
tegic air assaults, unlike that of tactical air attack, was seldom im-
mediately apparent. Tts effect was more like that of cancer, producing
intermnal decay ultimately resulting in death, Strategic air assault is
wasted if it is dissipated piecemeal in sporadic attacks between which
the enemy has an opportunity to readjust deflenses or to recuperate.

“The following principles should guide those who are responsible
for planning and conducting strategic air warfare: a. Through a
waorld-wide intelligence system, maintain constantly up-to-date infor-
mation regarding all phases of the national life, economy and philoso-
phy of potential enemy States. b. Maintain an analysis, continuously
being revised to meet new conditions, to show the importance of all
industries and other activities of potential enemies and to cvaluate
the relative importance of each of the units in each activity. ¢. To meet
any emergency with the rapidity which survival in future wars will
necessitate, prepare and maintain plans, in consonance with the latest
information to provide for destruction of the decisive units of the key
industries and other activities of each potential enemy nation. d. Aiter
a soundly conceived and carefully prepared strategic campaign has
been launched, carry it through inexorably and without interruption.
Diversion of effort to purposes of momentary importance will endan-
ger the success of 2 whole air campaign.
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“Oiperations of an air force can no longer be considered as being
local o oextent or limited in range. Hombers can now range. the
world, and we must have the necessary facilities such as well-equipped
bases, meteorological information, communications and other devices,
including radar, to provide for such emplovment. Long-range escort
fighters, at one time considered impossibld, are both practical and
essential to bombing u]mrui--m, Accurate day and night operations
m all weather are r::*l:nnal in maintaining pressure on the enemy,
magniiying his requirements for defense, interfering with has [:-n‘du-l“:-
tion, and attacking movements of troops and supplies which have
been driven to rely on protection of darkness and bad weather. The
searching and destructive power of aerial operations is so great that
few targets onoearth are sate in spite of armor or anti-aircraft Euns
or camouflage. Dispersion, active defenses and passive defenses, such
as going underground, nultiply the cost and provide protection only
with tremendous expenditure of effort by the enemy.

*Regardless of the role that surface forces may play, the estab-
lishment of air superiority i2 a prerequisite to any successful ground
or naval action. The basic planning, development, organization and
training of the air force must be well rounded, covering every modern
means of waging air war, and the techniques of employing such means
must be continwously developed and kept up to date. The air force
doctrines likewize must be flextble at all times and entirely uninhibited
by tracdition.

*Air force is a complex combination of many types of airplanes,
weapons, personnel, units and tactics, supported by the industrial and
scientific resources of the nation. New weapons and new develop-
ments, including the use of atomic energy. have not basically altered
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this principle of modern war. This country must plan and build s
military establishment with full knowledge that the methods of wag-
ing war now are changing at a rate never equalled in history. Aar
operations, once surface forces are near engagement, become more
intin]atﬁl}' related to the surface -ul:ﬂ_'n“il’:-rlﬁ. In -:itir_'rmin;h;: doctrine,
organization and provision of cquipment careful consideration nst
be given to this fact. Doth photographic and visual dir reconnaissance
are essential to the efficient conduet of modern war, These are neces-
gary to puard against surprise and to avoid wasteful expenditures in
useless attacks on targets already destroyed, as well as to preclude
omission of important military objectives and to provide bricfing ma-
terial for attack. Fvaluation of the ultimate effect on enemy resources
also comes in part from these activities,

“Airborne troops have become one of the most effective units of
a modern fighting force and the development of equipment and tech-
niques for their employment must be given continuous and imaginative
attention, fargu and passenger air transport, serving all arms and
operating with airline precision and technigues, is an essential part of
military operations.

*The air force must work vigorously for the provision of efficient
rescue techniques and equipment and the training of personnel in
methods of survival under emergency conditions, Joint efforts of the
various services arc desirable to avoid waste and to insure proper
development in this important field. Woeather service, an absolute
essential of air operations, is comparable in importance to communica-
tions, and both must be developed to the maximum extent in peace-
time. Accurate, large-scale up-to-date maps are a first essential to
acrial warfare, Since they all cannot be produced in time of war, a
major peacetime joint effort must be given to a MAppIng Program
covering all potential battle areas and the routes thereto. The efforts
which have been so successful in reducing the accident rate in recent
years must be continued and intensified.

“World War II required all major powers partially to mobilize
their women into the armed forces. It was found in our country that
these women in the jobs they were qualified to perform were more
efficient than men. The next war in which the United States might
participate may well require complete mobilization of all Americans.
In consequence, & nucleus organization of female soldiers should be
maintained in peacetime in order to provide for rapid and efficient
expansion in time of national emergency,

“The speed with which a possible future war will start can be
expected to allow little if any time for refresher training of reserves.
Accordingly, a task of major importance in the peacetime air force
is the attainment and maintenance of high standards in the training
of reserve personnel who will be available in time of emergency. This
is true in technical as well as in combat fields, The complexities of
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future wars, and the interrelationships of the several branches of the
armed forces, require that joint training be begun early in an indi-
vidual's carcer and progressively strengthened. In World War [1, the
AAF relied heavily upon nearly a half nallion civilian employees to
perform all kinds of jobs from the highest type of scentific research
to the simplest type of unskilled labor. The lessons learned from the
use of civilians in the military establishment provide the basis for even
more extensive use of their services in the future.

“Our past concept of intelligence needs was insufficient to cover
the requirements of modern war. Demiled and moment-by-moment
knowledge of all aspects of civilian and military activity within the
territory of an enemy or a potential enemy is essential 1o sound plan-
ning in times of peace or war. Continuous knowledge of potential
ENeinies, covering their entire political, social, industrial, scientific
and military life 15 also necessary to provide warning of impending
danger. Strategic air warfare can be neither soundly planned nor
efhiciently executed without a continuous flow of detasled snformation
of this kind, In the future it will be suicidally dangerous to depend
upon reports of military attaches and routine or casual sources of in-
formation regarding foreign States. There 15 a great need for a per-
manent national organization which not only deals with broad ques-
tions of policy but also collects, evaluates and disseminates a
continuous stream of intellipence data. In addition, we must have a
competent and active air intelligence organization within the air force
working with such a national organization in times of peace and war.
Only through specialized channels can we keep a constant check on
the technological developments of potential enemies. We must in the
future know in detail all conditions and be familiar with all facilities
that may affect possible military operations. The targets of the future
may be very large or extremely srrmli—sl:lﬂh‘aﬁ sites for launching
guided missiles—requiring exact intelligence information as well as
bombing accuracy to destroy them.

“A future air force developed in the light of the basic principles 1
have mentioned, together with provision for training and for constant
supporting intelligence, will enable the United States to face the
future with confidernce. Such an air force will constitute a base from
which required departures can be made with least loss of time or
effectiveness.

“We must lock at the future of acrial warfare in the light of the
following considerations: 1. Aircraft, piloted or pilotless, will move
at speeds far beyond the velocity of sound, well over yoo miles per
hour. 2. Improvements in acrodynamics, propulsion and electronic
control will enable unmanned devices to transport means of destruc-
tion to targets at distances up to many thousands of miles. However,
until such time as puided missiles are so developed that there is no
further need for manned aireraft, research in the field of conventional
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aircrait of improved design must be pursued vigorously, 3. Small
amounts of explosive materials, as in atomic bombs, will cause de-
struction of many square miles. 4. Defense against present day air-
craft may be perfected by target-secking nussiles. 5. Only aircraft or
missiles moving at extreme specds will be able o penetrate enemy
territory protected by swech defenses. 0. A communications system
between control center and cach individual aircraft will be estaliished.
7. Location and observation of targets, take-off, navigation and Jamd-
ing of aireraft, and communications will be independent of visibility
or weather, 8. Fully equipped airborne task forces will be able to
strike at far distant points and will be supplied totally by air.

“The influence of atomic energy on air power ean lie stated very
simply. It has made air power all-important. Air power provides not
only the best present imeans of striking an enemy with atomic bombs,
but also the best available protection against the misuse of atomic
cxplosives. Use of atomic energy for propelling aircraft has also Esieri
suggested. This development seemas rather far in the future, so that it
is difficult today to predict the types of aircralt—or space craft—
which may later be propelled in this fashion. The immediate danger to
civilization raised by the very existence of atomic bombs is so great
that we shall do better to concentrate ownr attention on the role of
present-day power as a means of employing atomic bombs offensively,
for instance for possible enforcement of decisions of the Security
Council of the United Nations, and as a safeguard against their irre-
sponsible use in aggression.

“The chiel difference between an atomic bomb and the largest
conventional type of bomb lies in the immense destructive power of a
single atomic missile. This means that measures intended for protec-
tion against an atomic bomb attack must be highly efficient from the
very start of a war if they are to be any good at all. Our experience
in this war has shown that it is most difficult to attain this goal,

“Further, the great unit cost of the atomic bomb means that as
nearly as possible every one must be delivered to its intended target,
This can be done in one of several ways, all of which involve air
power. For example, the following evolution may be suggested:
a. Today, our Army Air Forces are the recognized masters of stra-
tegic bombing. Until others can match the present efficiency of our
own anti-aircrait defenses, we can run a large air operation for the
anle purpose of delivering one or two atomic bombs, Our CXperience
in the war suggests that the percentage of failures in an operation of
this kind would be low. b. When improved anti-aircraft defenses
make this impracticable, we should be ready with a weapon of the
general type of the German V-2 rocket, having greatly improved
range and precision, and launched from great distances. V-2 is ideally
suited to deliver atomic explosives, because effective defense against
it would prove extremely difficult. ¢. Il defenses which can cope even
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with such a 3000-mile-per-hour projectile are developed, we must
he ready to launch such projectiles nearer the target, to give them a
shorter time of flight and make them harder to detect and destroy,
We must be ready to launch them from unexpected directions. This
can be done from true space ships, capable of operating outside the
earth’s atmosphere. The design of such a ship is all but practicable
tdlay i research will unguestionably bring it into being within the
foresecable future,

“Three types of defense against the atomic bomb can be conceived :
First, we should attempt to make sure that nowhere in the world are
atomic bombs being made clandestinely ; second, we shounld devise
every possible active defemze against an atomic bomb attack, once
launched ; and third, we might redesign our country for minimum
vulnerability to atomic bomb attack. All three could, of course, be
combined. Complete dispersal of our eitics and moving vital industries
underground on a sufficiently large seale would be m‘n:rwht:-lming]y
expensive, In addition to the expense, the unsolved technological
problems would present the greatest difficulty. Unceasing patrol of
the entire world, possibly under the guidance of the United Nations
organization, would do much to prevent the illegal manufacture of
atomic bombs in their present form, This, however, would be only
a partial solution of the problem. In any event, air patrol, supple-
mented under international agreements by ground inspection, should
be employed to the maximum possible extent. The Air Forces used
for patrol of this kind might very well be those air contingents which
are made available to the Security Council for possible enforcement
action,

“Although there now appear to be msurmountable difficulties in an
active defense against future atomic projectiles similar to the Ger-
man V-2 but armed with atomic explosives, this condition should enly
intensify our efforts to discover an effective means of defense. Mean-
while, the only known effective means of delivering atomic bombs in.
their present stage of development is the very heavy bomber, and
that is certain of succezz only when the user has air superiority. This
fact, although perhaps true only temporarily, points up the urgent
necessity for the maximum effort on air defense, both in the air and
on the ground. For the moment at least, absolute air superiority in
being at all times, combined with the best anti-aireraft ground devices,
is the only form of defense that offers any security whatever, and it
must continue to be an essential part of our security program for a
long time to come,

“While this country must employ all its physical and moral force
in the cause of peace, it must recognize that real security against
atomic weapons in the visible future will rest on ofir ability to take
immediate offensive action with overwhelming force. It must be ap-
parent to a potential agpressor that an attack on the United States
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would be immediately followed by an immensely devastating air-
atomic attack on him. The atomic weapon thus makes offensive and
defensive air power in a state of immediate readiness the primary
requisite of national survival.

“Original research in rockets for the AAF was for the purpose of
assisting take-off with heavy loads on short landing strips and as a
short-duration speed boost to achieve high emengency performance
in combat. Among new uses for rockets are winged missiles for ex-
treme range: pguided anti-aircraft missiles; launching supersonie,
long-range pilotless, or manned aireraft; and deceleration devices for
aireraft with high landing speeds. Jet propulsion is in its infancy
degpite the fact that this war has evolved six distinet methods of
utilizing atmospheric oxygen for propulsion, such as (1) motorjet
—or reciprocating engine plus ducted fan, (2) turboprop—a gas
turhine plus propeller, {3) turhofan—a gas turhine plus ducted fan,
{4) turbojet—a gas turbine plus jet, (3) ramjet—a continuous jet
with compression by aerodynamic ram, and {6) pulsojet—or inter-
mittent jet. These new and strange sounding words will be familiar
ones in our speech in the near future, and right now they carry more
meaning for Americans than any other six words T know.

“Radar is an outstanding contribution to the effectiveness of an
air force. It is a device which enormously extends the range, power,
capabilities and accuracy of human vision. Radar is a primary facility
in an all-weather, 24-hour air force for bombing, munfire, navigation,
landing and control. The structure of the air foree, the planning of
its operation, its training program and its organization must take
radar into account. In the final months of the B-29 bombardment of
Japan the AAF ‘had one Wing homb by radar alone, to test out the
possibilities. Greater acetiracy was secured than by the best visual
means, and it is fair to expect that the visual bombing which served us
well in this war soeon may be obsolete,

“Perhaps as important as modern weapons in winning the war
was the application of science to the development of packaged and
tinned foods which, while furnishing a balanced diet, also met the
combat requirements of reduced bulk and ability to withstand extreme
climatic conditions. After months without change, however, a diet of
the hest of these rations without any fresh foods was found to cause
deficiency symptoms in personnel. The AAF, with its glohal opera-
tions, was perhaps more keenly aware of the problem, especially at
isolated air bases in the South Atlantic and Pacific the voleanic or
coral surfaces of which were devoid of soil for growing any sort of
fresh vegetables. Science and initiative, however, found the answer in
hydroponics—the growing of vegetables without soil by means of
chemicals. By the end of the war, chemical gardens were flourishing
on the desolate voleanic rock islands in the South Atlantic and on the
barren wastes of several Pacific island bases. Ascension Tsland was



THE ARMY AIR FORCES IN WAR AND PEACE 121

picked as the first testing laboratory for large scale cultivation of
vegetables by hydroponics. A party consisting of an officer, cight
erilisted men, and a civilian expert landed on the ‘rock’ in January.
A plot of land was taken over and engineers began construction of
eonierete beds which were filled with sifted voleanic gravel, Seedlings
were planted, a nutrient solutton, containing the chemicals necessary
tor the growth of plants, was passed through the beds from two reser-
voir tanks. Four months later these *visiting farmers’ were harvesting
tommtoes, radishes, lettuce and cucumbers from an 80,000 square foot
area of fertility. Today hydroponics is an accepted fact and will have
its place in the postwar AAF along with other products of science and
research. Chemical gardens will be established at all remote installa-
tions where fresh vegetables cannot be grown by ordinary methods.
Important in itgseli, this development brings down to earth the need
tor a close partnership with science, and for the courage and foresight
to translate experiment nto practice.

“The preceding zections of this report demonstrate that the spec-
tacular innovations in technological warfare, which appeared with
ever increasing momentum in World War 1T and culminated with the
atomic bomb, demand continuous scientific rescarch to insure the
maintenance of our national security and world peace. In the past, the
United States has shown a dangerous willingness to be caught in a
position of having to start a war with equipment and doctrines uszed
at the end of a preceding war. We have paid heavily for this error.
A repetition of this error in the future could mean annihilation. Na
war will be started unless the aggressor considers that he has suffi-
cient superiority in weapons to leave his advergaries in a state of in-
effective war-making capacity, Possession of large stocks of war
equipment at the end of a war affords a serious temptation to con-
tinue to use that equipment in training peacetime forces. This is
strikingly true in the case of the air force. We must depend on scien-
tific and technological advances requiring us to replace about one-
fourth of our equipment each year.

“The weapons of today are the museum pieces of tomorrow. So
tomorrow, the B-2g, the superfortress of today, will belong in the
Smithsonian Institution, with the Wright and Lindbergh planes, its
place on the line to be taken later by bombers that will carry 5o tons
of bombs, planes with jet or rocket motors capable of flying around
the waorld at supersonic speeds.

“In accomplishment of its fundamental responsibility for insuring
that the nation is prepared to wage effective air warfare, the air force
must be able to call on all talents and facilities existing in the nation
and sponsor further development of the facilities and creative worlk of
seience and industry. The air force also must be authorized to expand
existing research facilities and create and take advantage of new ones
to accomplish applied research and to make such facilities available
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to scientists and industrial concerns working on problems for the air
force. Further, the air force must have the means of recruiting and
training personnel who have full vnderstanding of the scientific facts
necesgary to procure and use the most advanced equipment. Although
basic scientific research should not be undertaken by the air force
in its own organization, it must encourage amnd sponsor such basic
research as may be deemed necessary for the defense of the nation,

- “During this war the Army, the Army Air Forces and the Navy
have made unprecedented use of scientific and industrial resources.
When the countless aspects of air force operations regquiring scientific
and technical talent are considered, the conclusion is inescapalle that
we have not yet established the balance necessary to insure the con-
tinuance of teamwork among the military, other Government agencies,
industry and the universities. The legislative and executive hranches
of the Government should determine the hest form of organization
and the most efficient scheme for uniting all efforts to create the best
scientific facilities and utilize all available scientific talents. It is in
the national interest to establish a national research foundation com-
posed of the most highly qualified scientists in the United States and
charged with the responsilality of furthering basic research and de-
velopment in all fields of science and the scientific training of adequate
numbers of highly gualified men. Scientific planning must be years in
advance of the actual research and development work. The air force
must be advised continuously on the progress of scientific research
and development in view of the new discoveries and improvements in
aerial warfare. A permanent scientific advisory group consisting of
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qualified officers and eminent civilian scientific consultants must be
inducted in the air force organization to insure that equipment is kept
abreast of the progress of research and development and to insure that
all research required by the air {orces is being undertaken by the
appropriate agencies.

“"We no longer can set up 'military characteristics” for a new
weapon or airplane, awand a contract, and expect to have delivered a
finished article which can be put into use immediately. The entire
process from development through production, training and opera-
tional use is a continpous one. Specialists must be at hand to give
intelligent guidance at every turn. This will require adjustments in
the military organization to provide for a group or corps of full-time
scientists in uniform, and adjustments to provide adequate compen-
sation for highly qualified civilians.

“since military aie power depends for its existence upon the avia-
tion industry and the air-mindedness of the nation, the air foree must
promote the development of American civil air power in all of its
formz, both commercial and private. However, in view of the national
securily responsibilities of the air force, and considering the adaptabil-
ity of civil aviation facilities to military uses, it is in the national inter-
est for the air force to have a voice in civil air matters,

“The rapid developmest of aviation, particularly in its ability to
promote international understanding, has emphasized the need for an
authoritative national air policy to guide American civil aviation for
the common good. A policy of this kind cannot be static,. Further, to
be effective, it must be made known to all who are interested. Exam-
ples of principles which the air foroe should support as the basis for
its participation in the formulation of civil air policies are as follows:
a. No activity having to do with aviation in any form can be consid-
ered as being completely independent of national security. Civil avia-
tion must be encouraged both internally and internationally, and all
arrangements, plans, agreements and operations should be earried out
with due regard for their military implications. b, The security of the
United States as well as the performance of its responsibilities in the
maintenance of world peace require the availability of an extensive
system of air bases and airways outside the United States.

“The development of international air law and custom can be ad-
vanced materially by recognition of the similarity between aviation
and maritime activities. Individual initiative, private enterprise, and
free competition, at home and abroad, continue to be the essential
elements of American progress. One national authority, capable of
expressing comprehensive and basic aviation policies in the name of
all interested Governmental departments, is a first essential for the
sound development of American civil aviation,

“It is the American people who will decide whether this Nation
will continue to hold its air supremacy. In the final analysis, our air
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striking force belongs to those who come from the ranks of labor,
management, the farms, the stores, the professions, the schools and
colleges and the legislative halls. Air power will always be tI'If-' busi-
ness of every American citizen. The Army Air Forees recognizes its
duty in formulating intelligent programs of education to the end that
the public will understand aviation in all of its forms as well as realize
the danger of unpreparedness in the air. Propaganda has no place in
this program. Public relations must give the public a lhurmltgill under-
standing of the general problems of war mobilization of aviation, and
especially of military air power. The air force public '.'!‘-‘13““315 policy
and the educational program should be steered along sound lines by a
directorate or committee composed of individuals trained not only as
writers and reporters but also as technical specialists. '

“The greatest lesson of this war has been the extent to which air,
land and sea operations can and must be coordinated by joint plan-
ning and unified command, The attainment of better coordination
and balance than now exists between services is an essential of na-
tional security. Unity of command alone is not sufficient. Unity of
planning, unity of common item procurement and unity of doctrines
are equally necessary. In addition, ground, naval and air forces each
must have an equal voice a8 well as equal responsibility in all plans
and policies. Maximum efficiency and economy cannot be attained
when one type of force is subservient to another in planning or opera-
tional councils. The full capabilities of the subservient force never will
be exploited efficiently and serious blunders are bound to follow. In
order to secure the maximuom effectiveness with the greatest economy,
our fighting forces must be organized so as to provide soundly inte-
grated command of three autonomous services, each of which has an
equal and direct share of the total responsibility.

“The Joint Chiefs of Staff organization presided over by the Chief
of Staff to the President, as developed during World War 11, proved
itself sound, and made coordination of effort possible not only among
our own armed services but also with our Allies. This organization
should be continued in time of peace when the absence of the compul-
sions of war makes cooperation and coordination of effort much more
difficult to achieve,

“The following requirements, in my opinion, accordingly must he
met: A, Organization. (1) One integrated, balanced United States
military organization that will establish, develop, nmintain and direct
at the minimum expense the forces, including the mobile striking
forces, required for peace enforcement and for national security with
the capability for the most rapid expansion in case of all-out war, (2)
Retention of the Joint Chiefs of Stalf orpanization with a Chief of
Staff to the President. (3) The size and composition of our striking
foreces to be based on: (a) Capabilitics and limitations of possible
enemies. (b} Effectiveness and employment of modern weapons of
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war, (¢} The geographical position of the United States, its outlying
hases and such other bases as it might control or use. (4) Maximum
economy and efficiency to be secured by: (a) Ruthless elimination of
all arms, branches, services, weapons, equipment or ideas whose re-
tention might be indicated only by tradition, sentiment or sheer inertia.
(h) Euthless elimination of duplication throughout the entire orpan-
ization. B. Principles. (1) The above organization, to attain its
objectives, mnst adhere rigidly to the following principles: (a) De-
velopment of the intelligence (service) necessary for the effective
application of our military force to whatever job it may be called upon -
to do. (b) Continuous planning for both offensive and defensive
operations against all potential enemies, taking into account their
capahilities and possible intentions. (e) Planning for, and direction
of technical research to ensure that the most modern weapons are
being developed, tested and gervice tested in order to retain for the
United States military equipment its present pre-eminent position.
{l:l:l- [']crclnp-nh-_nt and app'[i(,‘.‘.'ﬂil'_'ll'l of the most effective tactics and
techniques. (e) Realistic recommendations for Congressional appro-
priations for military purposes and for the distribution of these ap-
propriations where they will produce the maximum benefit to the
national security.

“The air forces also must assume their full responsibility, under
the provisions of the Charter of the United Nations organization, to
hold immediately available national air force contingents for com-
bined enforcement action. These forces must be of sufficient strength,
and their degree of readiness must be such as to make effective use of
their inherent striking power and mobility. World War IT brought
unprecedented death and destruction to war-making and peace-loving
nations alike, and as any future war will be vastly more devastating,
the mission of the armed forces of the United States should be not to
prepare for war, but to prevent war—io insure that peace he per-
petuated.”

One of the most valuable contributions to our knowledge of what
air war can do to a nation was made by The 11, 5, Strategic Bombing
Survey, established by the President in November, 1944, with these
members, Franklin D'Olier, chairman: Henry C. Alexander, wvice
chairman ;: George W. Ball, Harry L. Bowman, John K. Galbraith,
Rensis Likert, Frank A. McNamee, Faul H. Nitz, Robert P. Russell,
Fred Searles, Jr. and Theodore P. Wright. Capt. Paul Johnstone,
U.S.N.R., served as technical secretary. The Survey followed the
advance of the Allied armies through Enrope, and about 1,500 officers,
enlisted personnel and civilians worked on the project, which em-
braced examination of hundreds of German cities, plants and other
areas, interrogations of thousands of Germans including the surviving
leaders, examination of enemy war records hidden everywhere, in
safes, barns, caves, private homes and even in coffins. The Survey
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made two summary reports, one on Europe and the other on Japan.
The Japanese report was not available at the time this edition of the
Aircraft Year Book went to press. It iz planned to publish it in the
1947 edition. The summary report on Europe is earried in the fol-
lowing pages in full because it is a document of lasting interest to
everybody concerned with the security of the United States. Here is
the complete text of the summary report on Europe:

“The new relation of air power to strategy presents one of the
distinguizhing contrasts between this war and the last. Air power in
the last war (World War I) was in its infancy. The new role of
three-dimensional warfare was even then foreseen by a few farsighted
men, but planes were insufficient in quality and quantity to permit
much more than occasional brilliant assistance to the ground forces.
Air power in the European phase of this war (World War 11)
reached a stage of full adolescence, a stage marked by rapid develop-
ment in planes, armament, equipment, tactics and concepts of strategic
emplovment, and by an extraordinary increase an the effort allocated
to it by all the major contestants. Lngland devoted 4o to 30 per cent
of her war produetion to her air forces, Germany 4o per cent, and the
United States 335 per cent. Nevertheless, at the end of hostilities in
Lurope, weapons, tactics and strategy were still in a state of rapid
development. Air power had not vet reached maturity and all con-
clusions drawn from experience in the Evropean theater must be con-
sidered subject to change. No one should assume that because certain
things were effective or not effective, the same would be true under
other circumstances and other conditions,

“In the European war, allied air power was called upon to play
many roles—partner with the Navy over the sea lanes; partner with
the Army in ground battle ; partner with both on the invasion beaches
reconnaissance photographer for all : mover of troops and critical sup-
plies ; and attacker of the enemy's vital strength far behind the battle
line. In the attack by allied air power, almost 2700000 tons of
bombs were dropped, more than 1,440,000 bomber sorties and 2,680,-
ooo fighter sorties were flown. The number of combat planes reached
a peak of some 28,000 and at the maximum 1,300,000 men were in
combat commands. The number of men lost in air action was 79,263
Americans and 79,281 British. More than 18000 American and
22,000 British planes were lost or damaged beyond repair. (All RAF
statistics are tentative or preliminary.)

“In the wake of these attacks there are great paths of destruction.
In Germany, 3,000,000 dwelling units, approximately 20 per cent of
the total, were destroyed or heavily damaged. Survey estimates show
some 300,000 civilians killed and 780000 wounded, The number
made homeless aggregates 7,500,000, The principal German cities
have been largely reduced to hollow walls and piles of rubble. Ger-
man industry is bruised and temporarily paralyzed. These are the
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scars across the face of the encmy, the preface to the victory that fol-
lowed, How air supremacy was “achieved and the results which fol-
lowed from its exploitation are the subject of this summary report.
The use of air power cannot properly be considered, however, except
i conjunction with the broad plans and strategy under which the war
wias conducted.

“Interrogation of Hitler's surviving confidants and General Staff
and field generals of the Wehrmacht confirms the view that prior to
the winter of 1941, Hitler hoped to realize Germany's ascendancy
over [ -urope, and posszibly the world, Iarﬁclv by skilliul strategy.
Time and timing were the secret weapons in the German war plan
that took shape after 1933. Hitler hoped to build Germany’s strength
maore quickly than that of any potentinl opponent. By rapid mobiliza-
tion of a powerful striking force, by exploiting the political and ideo-
logical strains that he conceived to exist in the rest of the world, and
by overwhelming separately in lightning campaigns such of his ene-
mies as chose to resist, he hoped to secure for Germany an invulner-
able position in Europe and in the wiorld.

"What Germany lacked in numbers of divisions, in raw materials
and in basic industrial strength, it planned to compensate with highly
trained ground wnits of great striking power. These were to, be
equipped and ready to march while Germany's enemies were mierely
preparing. Fssential in this strategy was a technically well-developed
air force in being. Emphasis was not placed upon the development of
an air force that would destroy the sustaining resources of the
enemy’s economy. In the German plan it was anticipated that an
enemy’s entire country would be so quickly overrun that little con-
cern need be had for industrial and war production that was merely
potential. The air force was, primarily, an arm of the blitzkrieg,

*“The success of Hitler's strategy, until the battle of Britain, was
eamplete ; his more cautious advisers and generals still confess to
their astonishment. And by common report of the surviving Nazi
leaders even the sethback over Britain was considered of minor impor-
tance. The attack on Russia was next on the calendar—the decision
to make thiz attack was taken in the autuwimn of 1940—amd this, ac-
cording to plan, was to be a briel four months’ adventure, There
wotld be time thereafter, if necessary, to deal with Britain. By Sep-
tember 1941, Hitler was so confident that he haid succeeded in Russia
that he ordered large scale cuthbacks in war production,

“Study of German war production data as well as interrogation of
those who were in charge of rearmament at the time, leaves no doubt
that until the defeat at Moscow German industry was incompletely
mobilized and that in fact Germany did not foresee the need for full
economic mobilization, German arms production during 1940 and’
1941 was genérally helow that of Britain. When the full mmnfﬁg of
the reverses at Moscow became apparent the German leaders called
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for all-out production. The cvonquests of the previous years had
greatly strengthened Germany's economy ; with the exception of oil
and rubber, supplies of virtually all the previously scarce fmported
materials were or had become accessible, Great reserves of foreign
labor only awaited voluntary or forced recruitment. The industrial
plant of France, the Low Countries, Poland and Crechoslovakia had
been added to that of Germany. After the defeat at Moscow early in
1942, armament production increased rapidly,. However, such in-
crease was more the result of improvements in industrial efficiency
than of general economic mobilization. Studies of German manpower
utilization show that throughout the war a great deal of German indus-
try was on a single shift basis, relatively few German women { less
than in the first war) were drawn into industry and the average work
week was below British standards,

“Germany’s early commitment to the doctrine of the short war was
a continuing handicap ; neither plans nor state of mind were adjusted
to the idea of a long war. Nearly all German sources agree that the
hope for a quick victory lasted long after the short war became a long
one. Germany's armament minister Albert Speer, who assumed office
in early 1942, rationalized German war production and eliminated the
worst inefficiencies in the previous controls. A threefold increase in
armament production occurred under his direction but the increase
cannot he considered a testament to the efficiency of dictatorship.
*Rather it suggests the degree of industrial undermobilization in the
carlier years. An excellent case can be made that throughout the war
top Government management in Germany was not efficient.
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" Because the German economy through most of the war was sub-
stantially undermobilized, it was resilient under air attack. Civilian
consumption was high during the early years of the war and inven-
tortes both in trade channels and consumers' possession were also
high. These helped cushion the people of the German cities from the
efiects of bombing. Plant and machinery were plentiful and incom-
pletely used. Thus it was comparatively casy to substitute unused or
partly used machinery for that which was destroyed. While there was
constant pressure throughount for German manpower for the Welr-
macht, the industrial labor supply, as augmented by foreign labor, was
sufficient to permit the diversion of large numbers to the repair of
bomb damage or the clearance of debris with relatively small sacrifice
of essential production.

“In both the RAF and the United States Army Air Forces there
were some who believed that air power could deéliver the knockout
blow against Germany, and force capitulation, This view, however,
was not controlling in the overall allied strategic plan. The dominant
clement in that plan was invasion of the Continent to occur in the
spring of 1044. Plans called for establishing air superiority prior to
the date of the invasiomand the exploitation of such superiority in
weakening the enemy’s will and capacity to resist.

“The deployment of the air forces opposing Germany was heavily
influenced by the fact that victory was planned to come through inva-
sion and land occupation. In the early vears of the war, to be sure,
the RATF had the independent mission of striking at