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! This study of materiel research and development in the Army
. air arm, 1914=1945, was prepared by Dr, Martin-P..Claussen, An
earlier version of the study was a part of a larger work entitled
UComparative History of Research and Develecpment Policies Affectw
ing Adir Materiel, 1915-1944," prepared for the Scientific Advisory
Group of the Uffice of the Chief of Air Staff.

The relationship of the Army air armm to the vast ccoperative
effort of "“seience at war," particularly in the years since 1939,
is the chief emphasis of the history. As stated in the introduc-

N tion, the study deals with "the situation in 1939 as to the

military reguirements, the research and development facilities
of the Air Corps, and the scientific potential existing in pgovern-
mental, industrial, and university laboratories; the expansion of
the AAF establishment for experimental engineering and for research
control, 1939-194%; and the changing relationships of the AAF to

X . the wartime research activities of the federal government, the

other supply services, their industrisl and univereity contractors,

% and the research stations of the other Allies.t

Readers familiar with the subject matbter are invited to
. furnish the LAF Historical Office with criticisms, additional facts,
or interpretations. For this purpcse, perforated sheets have been
inserted at the back of the study,
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Chapter X

LIYRODUCTICH

The need for new mnd better weapons is as old as the beginnings of
orgenized warfare, as is the truism that better weapons can overcome an
eneny having more reapcns.l In tveatieth-century air warfare this
hictorical truth is partlcularly pertinent, chiefly becauss of the rapid
rate of obsolescence of military alrplanes since 1914, during a period
wihen international rivalry, srowing commercial competition, and other
pressures stimulabod Lhe development of airfraves wibh better airfoils,
power plants with better performance, and equipmeat with pgreater pre-
cision and effectiveness,

Tne pripneiple that the cuality of the alr forcel's airplanes rust
precede the quantity vas not alvways universally accepted in the Undted
Stabus. In the early 1920's "bhere was a preat deal of criticism of

the fremy and Havy for upending too much noney on experdmental nork and

i. The literature on the history of weapons, tauctics, snd organized
wvarfare iz vack. Awmong useful published surveys of recent date
ares Tom “intrinrhan, The Story of ..eapons nnd Toctics from Iroy
to Stalingrad (Eoston, 19433 originally publiched in Iagland);
George 1. Groy, seience at ,jar (lew York and London, 1943); and
portions of J. U, sernal, Tne Social Function of Science (Hew
York, 1939; orieinally published in DCngland). One nobable coliec-
tion of works and bibliographical data on military history exists
in the Library of the American Military Institute, housed in the
Uationzl Archives Building, uwashington D. C.

' ~ [
Lr_.‘it"(\_ j‘/.‘;i.j'- {
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not encugh on quantity promm'f.ame:rr‘:..""'2 Aroy air spokesmen, saddled with
an inventory of rapidly obsolescing planes inherited from .'orld .ar I,
overleoked few onportunities to point out the dasngerous assuuptions

that lay in the rather "respectable® statistics on the strength of the
Alr Service, ac well as the further daneer that without the development
of now rodels for the rilitary, the infant sirveraft indvstry (on which
the Lrwy wonld depend in any national emergency) would atrophy.3 Simi-
lar warnines were echoed and wmplified by the epidemic of congressional
and Amey corrdttess and boards that investisated the air arm betweer the
1918 Aruistice and 1935.% Bron with such repetitive hamuerings at

lesislabive end ey opinion,5 the need for continuous research and

developrent as a hasic premise of air supremacy was not always unanimously

2. Leport of the Federal Awistion Commission (Howell Commission}, Jan.
1935, p. 127. The Howell Cormission went con to say that then, in
1935, "the “ervices are in danver of switchins to the opposite
extreme." Ibid.

3. lemo for laje Pettis, CLI), by Gen, Mason ll, Fatrick, Chief of the
Air Serviece, 28 Feb, 1923, in AnG 475,73, seronmtical Dguipment,
The aireraft production industry was of course still in its infaney

stage in the early 1920's, withoul any considerable commercial source,

such #s the later olr transport industry, on which to thrive.

be These eomgittees and boards are listed in the Final Zerort of .ar
Bepartment o _cpecml Cermitbee on Army Lir Corps (mlrer Bcardr 12 dJuly
193&, PP e h=5s & SU0S equent bo...rd the Federal sviation Commission
(liewell Ccmsdssion) in 1935, s-'zould be addeds These and other
legislative committee zmebivities, 1907-1935, are discussed in A4l
H.’Lstorical Studies: o, 25, Crganization of Military ;;eronqutlcs,
1907-1935 (Concressional & .or Derartrent ‘ct.:x.m) nassima

5. PFor example, the Howell Coriission in January 1915 n its Report,
The 157-52) hod s2id that if a reduced Air Corps budget should
rejuire sciie retrenchment, queatity should be sacrificed to quality.
In eny future emersency, cuantitv would be more easily remedied
than quality. "Jo develon a fundamnentally new type of sircraft cr
engine + o o bakes yeors. o . o Desirm and development cannct be
extenporized.” Furthermore, the rrice of development in money
value should be & "secondary! considerabion,

THIS PAGE Declassified IAW EO12958




L]

This Page Declassified IAW EO12958

E)

£ FH8-50

acknovwledred and supported. As lzte as 1939 the so-called Lir Eoard,
revicwing the caperimental progras for the Cnief of Lhe £.ir Corps and
the Jeneral Shaff, found it necessrry to preface its report with the
warnine that "uize alene . . o is ¢ minor factor? in deterining the
cenparative combat efficleaer of /merina’s alr foree.6 The Zoard went
on to urge that 2 Muora definite, effective, and coatinuing” resecrch
and developrent policy was needed; thut, In comparison, the problex of
gquantity productica reguirerents was Moot & difficult tasgk™; cad that
wrgilure [of the nroduction plauners of the Lry] to antleipabe potential
developreats in such o rapidly propressing sclence as aeronavtics inev—
itably will result in the supply of ajroraft to the armed forees with
characberistics that ore ineffestive apgainst eneaay weapona."7

Tne scope of "researsn and developrment" was rather broad in ivmy
terminolozy. It v2s o phrise bo denote the experirwntal activities of
the air Corps, and it wus ¢ wodretary rubric common to all the supply
services of the Aryy in 1939. Esseatially it meent (for the Air Corps)
the engineering, research, and testing b Jricht Field in coansetion
with the construction by industry of new or inproved models of airplanes,
entings, and iirborne and pround ecwiprent peculiar to Jir operationss

It vas occasicnally subdivided by the Air Corps, in the directives and

6. laboriel Div, mevo, "icronsutical Research s~nd Levelopmentt [nboub
24 April 19397, in 1AG 402,112, Tests end lUxperimenta, Tho wording
is slipntly differevt in the Tinsl draft of “Adr Eoard Report,”

LG 320,2 (6~26=39), 15 3en. 1939, Tsb C, p. 2 {aimeographed copy
3N fhe Je Lyoa project beok noe 15en, in Office of Depuby AC/AS, 1:3).

7. Ibid,, Tcb C, "Folicy Governing Eesearch wnd Develonment," p. la
The observction on prodvetion resiirements, which wes omitbed from
the final draft of the report, cppeared in i merorandum of proposed
recormendationa of the Board, [eboub lzy 19391, in 440 400,112,
Tests ond Deperinents,
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correspondence, into "fundamental research," such as aerodynamic analysis
in wind tumnels, and "applied rese&rch.“8 heither of these subhesdings
was exclusive, however, nor was the distinction always accurate, For
excmple, wind-tumnel tests, far from being studies in "pure sclence' on
the theoretical aspeets of air behavior, usually were applied tests of
scale or full-scale models of wings or other airplene surfaces. lor was
aerodynarics the only problex involved in research and development., The
developrent of new aerial weapons in totzl war potentially included
research in all the natural and physical sciences, in both their "pure"
and their "practical" phases. The Air Corps, however, made no distinction
in actual practice, in the administration of its research activities,
between these two arbitrary divisions of science; 2nd in ignoring such
clasgifications of knowledge nir Corps officials apparently did not
betray any mors uncertainty and unrealism then did the scientists theme

Selves-9

2. OCther iir Corps classifications in 1939 were "fundamental® (RNiCL),
tapplied" (.ripht Field), and "university" research, entirely omitting
industry. (Usteriel Div, mewo, "ieronsutical 3Besearch and Develop-
menbt [akout 24 April 19391, in ibid.)

9« For exarple, in & survey of the sciemtific sctivities of the federal
governzent and their relation to industrial and university research,
made in 1937-193% by the Seience Committee of the Hational INlesources
Committee, the varyine definitions of "science znd "research,"
Upuret and “applied," ave explored (pp. 6, 62, 168 of prublication
cited below), including Julian Huxley's proposal for four instead
of the traditional two categories; but the report proper ignores
these classifications in favor of institutional and obher administre-
tive and functional groupings. OSee Hational Hesources Committes,
Researsh—/ ationzl Hesources L, Relation of the Federal Govern-
ment to hesesreh (He Doe, Lo, 122, 76 Long., T 1 Gess,)j as well as
Tater volunes on Industrial Desearch and on Business iesezrch.
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. Yore irporbant than = pigeonheling or cerpartmentalizing of researci

ond developmeat +is the fundarentally cooperative character of seience,

7
. in wor (a3, indeed, of sclence in rzaceful pursnite), Zspecially was
i this trae of ewperimentsl airplanes, whose cosplex desisn and consbruction

problics ned beoa aplly sumsrized shortly before by the Federal avietion

- 10
Oopxicsions

in aireraft desirn 13 not zn invention, It bus passed beyond
v Lhe point where it can be incpired as a whole by a single
jadividual, Cood alrplanes arc not the produet of miraculous
inspivatica but usually of the coordinated effort of a design
and researen orgunization of a dozen or rore oroups of spe-
cialistSe o » + & desisn is not rerely z haopy idea, nor even
& coasidersble collection of them, It is the asggregate of &
great nucber of carefully ecordinated details. It is a file
of blueprints of which the collertive area would in many cases
literally . « . carpeb a foobtball field. It is & [ive~fool
. shelf of books of computation and specification.

i3

“ven this blonket view ves an understaterent, A combat airplane was
i more thun such a product of & single "design cnd research crgonilzation."

. It was bhe resulbant of ideas and supgesticns from military and other

federsl apreacies as well, such as military requiresents frcrm the Alr
Corps, wind-tunnel test data frow the Hatiopnal Advisory Cormittee.for
Leronzubies (LACA) and \right Field, flirht and static tesht reports from
Vright Field, operationsl sultability tests from the Alr Corps proving

grmmd,ll saypesticns for rodification frow the tacticzl units of the

- 10, Howell Gommission, Heport, pne 162, 167. ‘he comzission had used
this descripbive analysis to deronstrate the need for cembining
the functions of experimentul construction and cuantity production

» in a single piven airveraft fim,

- 11, That is, the 23d Composite Group, activated at lluxwell Field, ild.,
in aurnst 1939 and moved to £glin Field, Fla., in December, and an
tancestor! of the Ail Proving Ground Command, Cee I'GC Historieal
Brench, UHistorical Cutline . + (Jen. 1945), pp. 19-20.
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. 4ir Corps end (ofter December l?l.l)lz from the oversess theaters of
operations, and the sugeestions from the Allied air forces. Furthermore,
especinlly with respect to related bombardment, armement, communications,

| reconnaissence, navigation, and other airborne and ground equipment, the
sources of ideas and experimentation included still other agencies, such
25 the other irmy supply services {Ordnence, Signal Corps, etc,) and
their industrial contractors and the university wnd pgovernment labora-
toTics,

The relstionship of the Air Corps to this vast cooperative effort
of Pacience ot war' conprises the bulk of this historicsl study: the
situation in 1939 c3 to the wilitary requirements, the research and

. development facilities of the Air Corps, and the scientifio potential
existing in governmental, industrial, and universily lsboratories; the

X expanvion of the AAF establichment for experimental engineering and for

. rescarch control, 1939-1944; and the changing relationships of the AJLF
to the wartime resesrch acj;ivities of the federal government, the other

supply services, their industrial snd university contractors, and the

research statlions of the other Lllies,
The basic scientifie rescurces for developing bebter weapons, as

discussed in this study, congist of (1) scientific personnel,

12, Actuslly, surcestions for modifying airplznes and equipment had
already been couine in to liright Field rmuch carlier than fmericals
entry into the war in December 1941. The various Air Corps
ohservers in 1940~1941, ineluding the ilr Officer of
the Chaney lission (Army Special Cbserver Group) after June 1941,
were concerned in large part with anslyzing the combat performance
and effectivetcss ol Uede-produced sir meteriel (both Lend-Lease
end Sritish-imported); and their reports were of course transmitted
to the United Stutes for use by the fir Corps and ibs industrial

. contractors.
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(2) laboratory and experimental facilities and equipment, (3) money,

(&) orpanization and administretive framework, ani (5) a favorable public
opinion. Still anobher ecztegory ri~ht be (6) the recorded intellectusl
experience, whether buried in oublicsticns, archives and records, or
unpublished rmanuserirts., If there is any truth n #e asserticn that

no new idea is really new," this truth stemmed in part from the fact

that meny recorded ideas lay burled snd doraunt, for the sost part, in
the arehives ond libraries of seience and technolony. IFor example, in
1939, at least 33,000 zelentlfic periodiczls were belng published throuzhe

13

out the world,™ and thelr utilization wos far from adecsuste either for
peacetine or for wertinze purposes. Zven abstracts of this literature,

like Chemicul Abstrachks, were not being fully uwtilized, Added to this

were the zountuing of unpublished rmanuseripts in ceadedde, industrial,

and governmental files, including the hisborical files in such repositories
a5 the Library of Jonrress and e lotilonwl srchives, DSved the systenatie
Gurzons woere probably not ferreting out every lwst idea of military value
from trelr own archives. In the United Stabes, it wes said in 1939, "the
governmeat [not to wention universities mmd industry] now has buried in
its files as zuch in the way of intellectual resources as there are
rinerzl resources buried underneath the soil of the Dorth American con-

tinent.“lb

13, Lorld list of seientifiec Periedicels (1934 ed.). Problems of
sclentific publications are discussed critically in Bernal, The
Secial Punction of Izience, ppa xv, 117=18, 272 £f,, 292 £f., L49-57.

Ly. HNetienal Revoureces Comritbee, llelation of the Federal Covernment
to Zesearch (1939), p. 53.

-
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Chapter II
RESEARCH AND DEVELORMENT POLICIES IN WORLD WAR T

Industrial Besearch by 1934

By the eve of Torld Var I industrial research had come to have a
respectable position in America's growing corporate economy, Idison's
plant at Newark, . J., established in 1869, and his Menlo Park Labora-
tory, in 1876, had been the first outstanding early example of applied
research for industrial exploitation. At the same time the General
Electric Company since zbout 1892 had been a pioneer in the use of
fundamental research by industry, Behind them was a rich century of
American invenbive ingenuity, reflected in the development of the sewing
machine, the reaper, and the typewriter, to cite only a few outstanding
examples. Between 1890 and 191) laboratories became a common adjunct
of industrial firms, but with a fluctuating "birth rate,” as shown in
the graph on the following page.l

Industrial research was motivated by profit, of course, and had
flourish'ed in industry before 1914 largely because of the growing
appreciation that betber or new products would command a betbter market

in the competitive world. Scmebimes this motivation had an adverse

1. Graph taken from Franklin S. Gooper, "Location and Extent of
Industrial Research Activity in the United States," in National
Resources Planning Board (successor to National Resources Committee),
Reseazch—-& Hlational Resource: IL. Industrial Research (1941),
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effect on the caploitation of inven’cionsz and the development of new
vroduets, Thus, the Jestern Union Telegraph Corpany, it was found in
1912, "would not touch the telephone,!" and neither the telegraph nor
the telerhone companies would "touch" radlo, because of the threat of
these new fields to the existing production of these f:'l.:r'n:xs.3 EBut in
peneral, corporate research was performing a nseful goeisl function that
had 2 potential for both peaceful end wartine pursuits,

Anong the customers for industrial research was the rilitary. In
sore outstanding cases Army end Savy support to research--goverment
subsidies, in effect--had been the chief resson for the immediate
developrent of a field of applied science. The development of large-
seale smelting of iron with coul, the stean eagine, and the 3essecxer
process all had resulted directly from military and navol needs ;h and
in America the llavy had svbstantinlly influsnced the growth of the steel

industey afber 1933, and the Arry the chemieal industry sfter 1891,

seronautical Development by 1914

Aeronaubics by 1914 was the latest field where scicntific develop-

ment wes beiny finaneially sponsored primarily in connectlon with wer

2, 3o history of inventions can be included here, nlthoush the literature
on the subject is substanial, Inventions, of course, derived also
froa sources obher than industry research. For cxample, only 12 out
of 75 of the nnst irportant iaventions between 1829 and 1929 came
out of corporate l:boratories, according to one critie, J. D, Dernel,in
Tho Socisl Funchion of Science, pe 16le

3, Hearings conducted by ~ouis U. Drandels, 1912, cuoted in Bernal,

The Coeinl Funehticd of Zcience, pe 143,

L. Bernul, Tne Gocicl Fnction of cience, ppe 165-70. Bernal, & critic
in 1939 of the Pprostibution” of science to war, aclmowledyed that
the "rajority? of technieal and scientific advances in the ninebeenth
contury had sorune £ron militer, and anvel needs (ibid., pe 165).

5. laticnal Resources Coumittee, Relabion of the Federal Covernment o
Hesenrch, Tre Lieh5.
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and netlconal preparsdness, bub b was in Jurope rather than in imerica
waere voct of the officisl interest in military asronautics lay. Tne
war Deporbuonb appropriation for acroasubtics in 1914 tobaled only /125,000,
rastly less thror that of any of the rajor Zuropesn powers, and less even
tion the oppropristions of Jerman and llexieo, Tne waor Department’s
interest in asrcnauties had been srorsdie, although it hzd not always
been nerztive, [or exerple, in the Civil ior in the 1860's the Lray
had used bolloons for observition nad the adjustrent of arbillery fira.6
Purtherzore, in 1292 il had been the lroy ond lavy thod were most
syapathetic bo Taxmeld Fo Langleyts scale-model "ierodrame™ uad that geve
bir 2 portial subsldy for building a full-seale wodel of the flying
mzchine, Ta 1903, however, vhen Lngleyts machine foiled to laonch,

the newspapsraen vho were present duammed the project with sarecsa and
ridicule, snd the Jar Yepartrent chose not to teke an independent view
and coatinee its developzeat. In the sowe year, the .right brothers!
firet flight 2t ditdy Hawk, U. Ca., brousnt little rezronse from the
public, wnd apqareatly none froz the wor Deportment, In 1905 an offer
by the .xights to gell their plone to the zoverament waa rejected, and
not until after they had sold thelr ideas in France, Britain, snd
Germany did the ,or Lepartment becore intercsted, The crash in 1902

of the .right ~odel being tested for the Army at Fort Ljyer, Va,., did

not this tioe deber the Army, however, and in 1909 the [Tight "A" pusher

was accephbed from the . right brothers.7

6. Trederick 3. Haydon, aeronsuties in the Union and Confederate Arnies,

Te Draft JFSE0 study, "4 Brief History of the irmmy Lir Forces,n
especially pps 23-2h, 29-32,
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These rodest beginnings were followed by odditionsl purchuases of
sirplone codels froa the Lrights, w3 well as from Curtiss, Surgess,
end Laxtin, totoling chbout 39 pusher and tractor airplenes delivered
to the Army by bhe end of l911¢..8 llcne of these models had been “custon
built? for eay taetical use, althouch in 1914 the first Acerican
specificaticn for 2 wilitary plane bad been issued.9

Nilitery acronsutics wes prosressing slowly in Jmerica, and while
historically most new ideas do encounter delays in their spplication,
the faet was that Arxericals deleys were comparatively more serdous thun
those of foreign governments, C(f an estimated (25,000,000 spent between
1902 ard 1913 throughout the world for wilitary and naval gviation, only
+135,000 hed been spent by the United States, less than that spent by
any other mijor power and less even thea the expenditure of various minor

nowers, as shown in the table below:lo

Germany w25 ,C00,000
Trance 22,000,000
ussio 12,800,000
Ttaly 8,000,000
Austria 5,000,000
Oreat Britoin 3,000,000
Bel.giun 2,600,000
Japan 1,500,000
China 760,000
Bulgaria 600,000
(reece 600,000
Spain 550,000
Brazil 500,000
United Stntes 435,000

8. Iabulation, "U. Se Army adrplanes Accepbed fror 1908 to January 1,
191%," n.de, in 4. o. Historicel Section file 452.1, Alrplanes,
Generel,

9, Arthur Sweeiser, The american Air cervice o o o (1919), pa 25,

10, Ibid., pe 16, quoting testinony before Hovse Comwmittee on Lilitary
affalrs in 1903, T[ipures published by the UACA in 1943 vary slightly:
Germany, $37,000,000; fraaee, .25,000,030. (Journal of spplied
FEE SiGS’ SR 1911—3, P 399')
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If the government was parsinoniocus in subsldising aviation develop-

reut, coutiercial sponsorship of sviatlon was even less svbstanbial, 1T

not totzlly nonexicteat., There siuply were no sinificant comnmerciel

cutlels for aviation in 191); "the measer aireraft industry had only one

. 1l .
custozer, the United States Governsent.” Stated in terus of zero-

nantiezl progresg rather than aeronautiezl budpets, Americals position

was egually inferior, as roported offieially in 191331

2

Tae public has lost interest and does nob support aviation
88 2 gport; the Coverarent has given but little sid in develop-
ing it os sn odjunet to the national defense and has inmposed ne
restrietions cv regsuletions on iis private use; the outrat of
acropliies and robors in this eowniry is inferior both in atzbers
and in guality to that of tho foreirners; ovr usirren sre fewsr
in mrber aad of less exrerience; no public-spirited eitiszen hus
eqdowed an sorenauticsl luboratory o hos beoon deas in rany
inutonces sbready ovr techaleal colleges have not offared orpor-
tunitios for the seienlific trainins of asropantlical engincerse
To plaec the dovelop-ent of nechaaiesl fli-ab en w corrcet
en~incering boasit the cub cnd try acthoeds o the ploncer —ust
give vz to beth theoreticsl and praetieal investiswtion of the
lows of aerodymardes cnd to eareful tests of -wehines cad the
raborinls eptering into their production,

In coabrast, the wout hopeful sija for iericun aviation in 1914

was thul orpunized :ercasutienl resesreh had been berua, In 1913 bhe

rirst sbeps had been token to estoblich the habtlonal Advisory Committee

for Jicronautics, end In 1915 it was piven its first «pprorriation for

et

the "selentific study of the problems of flicht." These origins of the

‘e . 1
N40a have been described as follows: 3

In 3913, Dr. Charles D, .aleobt, then Sscvrebary of the
Saithoonien Institubion and a member of the Nublionsl Acudery of

124

13,

Stuteront by HACA, in Journsl of Lpplied Foysics, ause 1943, pe 399
Swgelser, The Znericon sir Service, pps 18-19, cuoting an unidentified
Tofficisl" preport of 1913,

Official view of the RACA in Aurust 1903, in Journal of applied
Fhysics, aure 1943, pre 399=400,
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Seiences, proposed that ¢n aeronauticsl research sroup be
organized ond that it use Langley's old laboratory in the
Zmithsonian building. & comdttee studied the matber,
reported favorably, and the Advisory Comaittee of the Langley
Aerodynamical Laboratory was seb up, Awong the distingaished
nerbers nreseat at its first meeting, held on lzy 23, 1913,
were Capt. .. I. Chambers, Glean Curtiss, Orville liright,

Dr, walecott, rad officers of the Army and Havy. Cnly three
mectings were heid when the Corptroller of the Treasury . . o
[ruled] that the comzitbee could use no povernment funds nor
personnel because it had nobt been established by law. So the
life of the Advisory Committee of the Lanpley Aercdynamical
Laboratory ended.

Dr. Waleott was not easily discouraged. Friends of avic-
tion met freguently with Dr. .aleott in his home to discuss means
of winning governmentsl support for their idea. ihen Fresident
wilson was approached cn the subject of establishing an aero-
nautics cormittee by luw, he refused because he thousnt it
would appear to be 2 warlike measure and he was trying to keep
us out of the Luronean ar which had already. broken out.

Finally, however, Dr. \.aleott succeeded in getting his
bill attached zs a rider to a laval appropristion bill, which
vas passed by Congress and became law lareh 3, 1915, and the
Hational Advisory Cermittee for Aercnautics was created—'"for
tho snpervision and direction of scientific study of the
problems of flicht, with a view to their practical solution®
and to "direct and conduct research and experiment in aero-
nautics,”

Conrress, with some misgiving and an sbundance of caution,
appropriated 5,000 & year for five years, or "so much thereof
as shtll be necessary® for the work of the new Committee,
After its first year the Committee began to receive annual
appropriations from the Congress, the first of which amounted
to almost 45,000, dth this a modest start. was nade in build-
ing what . o o [[1ater becane] the great Langley lermorial
aercnautical Laboratory,

artime Researeh and Development, 1914-1218

The IIational idvisory Cormittee for Lercnsutics, although it dated

officially from 1915, did not accuire any laboratory facilities early
enousn to use in the war that followed. In lpril 1917, when war was
deelared, its facilities were still in the planning stage: four months
garlier it hod been promised a porticn of the rro.posed. Langley Field (Va.),

selected by the frny as ity own teuting area is well., JAad the end of
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. the war in November 1918 came before the first NACA wind {unnel could

be completed and befor? its new engine dynamometer buildings could be

put into operation. Actuslly, the wartime research activities of the

NACA were less prominent than was its advisory work on other aeronsutical
- matters—-production planning, standardization, patents, and training.u’

Nor had the Army's own experimental facilities passed the planning

stage in April 1917. Langley Field had been accepted by the Aviation
Section of the Signal Corps in December 1916 as the best of 15 sites
for its “experimental station and proving ground.“ls The Aviation

Section's "Engineering Organization" in Washington, consisting, early

in 1917, of Capt. V. E. Clark and five civilian engineers, planned to
move to Langley; and construction was begun in lay, the month after war
was declared. The langley site was soon abandoned, however, because of
its "isolation from hign grade help . . . and inaccessibility of . . »

materiala."lé

14, NACA, Annual Report (1919), ppe 13-1k; and 1%, Robert C, Hilldale,
"History 0f ¢ « o Aireraft Production . . ¢ Advisory and Co-
operative Agenciest (Air Service historical monograph, sbout 1919),
PPe 1-37, in A. 8. Historical Section files, Another function,
that of Yaeronautical intelligence," was established in 1918 for
the collection and dissemination of information on American and
foreign aeronautical developments, and included a "sclentific
attachd" in Paris.

15, Site selection, construction, and jurisdictional disputes between
the Buresu of Lircraft Froduction and the Directorate of Military

: Aeronautics are all discussed in Capt. He. He Blee, "History of

" Langley Field" (Air Service historical monograph, 18 Aug. 1919),

« 3, Historical Seotion files; copy also in AFIHO.

T M, arguments in favor of Langley in 1916 were concerned only with
“~ile gelgﬂ'al location in the Tast and South, its pro:u.mity to New

i, uﬁ:ﬂ:s ifrontage on a large body of water.,t The latter
cbor Q\‘as ly of greater interest to the Navy, which was
al plan, The Navy, however, also abandoned
h%:: ﬂ*pr the other side of Chesapeake Bay. See MHistory
Flejaw and nm Annual Report (1919), p. 13.
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As the alternative, the McCook Experimental Field at Dayton, Ohio,
was selected in 1917 because of its proximity to the airplane industry
in that eity and to the autcmobile industry in neighboring states, al-
though some public ¢ritics later charged that the site had been selected
by Col. E. L. Deeds, Dayton industrialist in the Air Service, because
of his airplane and other interests there, Some important laboratory
facilities were built at McCook before the end of the war, including
dynamometer bulldings; a proPGIier test Laboratory; a nine-inch wind
tunnel for calibrating air speed instruments and for studying small
airfoils; and the shops for propeller woodworking, assembly of planes,
and wing covering and clopi.ng.l‘?F By November 1918 the experimental
engineering personnel of McCook Field totaled 14 officers and 1,335
c:.:Lvi.Zl.:l.al\ns.l8 The Experimental Engineering Department, under Lt, Col,
Howard C. Marmon (ex~Nordyke-Marmon), was kept quite separate from the
Production Engineering Department located in downtown Dayton, although
both the experimental and production phases of the Air Service came
under the Airplane Ingineering Division headed by C. W, Nash.(ex-General
Kotors) and Lt. Col. Je G Vincent (ex-Packard), These agencies in turn

were part of the larger Bureau of Aireraft Production, set up separately

17. These facilitles are described, with phctographs, in "Organization
and Activities of the Factory Department [at McCook Field] o « o
Nove. 1917-Nov, 1918," in A. S. Historical Section file 360,05,
M¥eCook Field,

18, Compared to production engiaeering, which had 26 officers, 330
civilians; and Mbusiness and military," which had 18 officers,
250 civilians, and 267 enlisted men. See historical questionnaire,
7 Hay 1919, returned by Engineering Division, in A. S. Historical
Section file 360405, McCook Field, :
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from the Signal Corps in May 1918 and headed by John D, Ryan {ex-
Anaconda) .19

The industrial backsrounds of these men who were placed in charge
of air materiel in Jashingbon and Dayton were diverse. Most of them
came from elsewhere then the infant aircraft industry, which underscores
the fact that in 1917 there was no substanbial aireraft "“industry' on
which the Amy could rely.20 The airplane and airplane engine industry
consisted of only 11 firms; its total capitalization was only 15,000,000,
of which over two-thirds was controlled by two firms—~Curtiss (airplanes)
and Wright-Martin {engines); and the whole indusiry could muster only
8,000 workers, skilled and unskilled, early in 1917. The Army's total
purchases of planes had been 39 wp to the end of 191k and 224 up to April
1917, but as yet these deliveries had not included any models designed
entirely for a military use. As of early 1917, no "batile planes" had
been built in the United States, and "only a handful of Americans had

ever seen one."Zl

19, Organization chart of Airplane Engineering Division, Bureau of
Airceraft Production, Nov., 1918, in A, S, Historical Section file
360.05, McCook Field. After the Armistice, about March 1919,
materisl functions were reorganized into the Engineering Division
(Col. Thurman H. Bane, chief), which was a consolidation of the
Bureau of Aircraft Production and of the Technical Section of the
Director of Military Aeronautics. A small "3upply Group! was
established in ijashington about the same time., (Engineering
Division, Annual Report, 1919, p. 1; copies in War Department
Library and in AF3HO. i

20, The aubomobile industry supplied the "lion!s share" of engineering
talent, skilled labor, executive direction, and production techniques
to the aircraft program, according to Grosvenor B. Clarkson,
Indugtrial America in the Worldd lar . . ., 1917-1918 (1923}, p. 465.

2l. ‘Tabulation, "U. S. Army Airplanes Acceplted from 1908 to Janvary 1,
1919," in A. S. Historical Section file 452,1, Airplanes, General;
Edgar S, Gorrell, The Measure of Americats vorld idar Aeronautical
Effort (1940), p. 2; and Sweetser, The American Air Service,

PDe 45, 1893 251=52,
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. The source for airplane design data in 1917 was, therefore, not

American industry but the Lllies in Europe, where combat-type planes

i had already seen action. Maj. R. C. Bolling was sent to England,
France, and Italy in June 1917 with a mission to select models and to

- obtain data and samples of ma.t.eriel.22 Accompanying him were several
Army and Navy aercnsutical engineers and engine experts and 93 repre-
sentatives of the industry. Four chief models were agreed on, between

: the United States and the Allies, for producticn in the United States:
the De Haviliand combination fighter and day bomber, the Handley-Page
night bomber, the Bristol fighter, and the Caproni bomber. Of these,
the first two models were to reach quantity production before the

Armistice, 23

{
®

Some design and development of American combat models was accomplished

during the war, however, netably on the Glenn Martin bomber, but neo

‘x

American designs reached production early enough to be tactically avail-

A}

able by the time the Armistice came in November 1918, Most of the
experimental airplane work at lUeCook Field in 1917 and 1918 was concerned
with modifying BEuropean models to adapt them to American production, a

production engineering job rather than one of experimental engineering.

22, BSee R. M. McFarland, ", , , History of the Bolling Aeronautical
lfission" (A, S. historical monograph, 29 Oct. 1919); copies in

- AFSHO files and in A. S5, Historieal Section file 334.8, Bolling
e + « Mission.

23. Hilldale, “History of . . . Aireraft Froduction , . .: Advisory
and Co-Operstive Agencies," pp. 113-20 and Appendix; Sweetser,
Ihe American Air Service, pp. 64~65, 191; and Gorrell, The Measure
of smericats forld war Aeronautical Effort, p. 3.

]

(a3
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. At the same time there were substantial accomplishments in America
in the fields of engines and air accessories. Host notable was the 12-
eylinder Liberty engine, designed by Packard and Hall-Scott engineers
under contract with the Signal Corps Aviation Section in 1917. The

- legend that the Liberty was designed in a Willard Hotel suite, in

Washington, in five days in May and June 1917 is only partially correct.
Actually it was the product of cooperative enterprise over several
months, including also the work of many engineers from several other

automobile firms and from the National Bureauw of Standards.zh

&8s to air instruments and accessories, some of the wartime
developnents actually did reach the production stagas, notably seif-
sealing fuel tanks and certain visual signaling devices., Most of the
approximately 57 developmenbal projects were either incompleie or not
A in prodaction, however, when the Armisbice came., A few of these projects

were handled at MeCook Field; bubt most of them were scattered among

¥

Langley Field, the Bureau of Standerds, various universities (Chicago,
Illinois, and Linnesota), various firms (General Electric, Bristol,
Eastman, and 'iller Rubber), and private individuals,

Supervising this research program was the Sclence and Research
Division of the Signal Corps (after iay 1918, a division of the Air

Service), headed by two civilian scientists in uniform--Dr. {Lt. Cols)

- Robert A, Millikan end Dr. (Maj.) C. E. Mendenhall.zs This group, which
A
2h, "History of the Bureau of Aireraft Production" (A. 3. historical
. monograph), microfilm eopy in AFSHO; and Sweetser, The Amaerican
o Air Service, pp. 176=77.

25. Ses the following Air Service historical monographs: "Sclence and
fesearch Division" [about Dec, 1918]; "A Brief History of the
Organization and Activities of the Science and Research Department
of the Bureau of Aircraft Production" [about 1939]; and Hilldale,
. "History of + « « Alrcraft Production ¢ « «: Advisory and Co-Operative
Agencies," ppe 55-The (Ae Se Historical Section files,) See alsc
National Research Council annual reports, in National Academy of

Sciences, Annual Report (191;7%',?..'1;7'@1&?‘-%18), pp. 70, 105,
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numbered 22 officers, 120 enlisted men, and 16 civilian scientists by

Novembar 1918, had originated in 1917 in the Physics Committee of the
new National Research Council (HRG).26 The Signal Corps, instead of
decentralizing its research program and having the NRC handle its deal-
ings with industry and university laboratories, was apparently interested
in direct control and supervision, It asked the NRC Physics Committee
to be its "advisory agent®; commissioned the key personnel of that
committee; set them up as a Signal Corps division; and ultimately, on

20 May 19182, transferred the program to the new Bureau of Aircrait
Production of the Air Service., After the Armistice, when most of the
staff returned to civilian life, uncompleted projects were apparently

taken over by the reorganized Ingineering Diviaion of the Air Service,

Postwar Experimentation, 1919-1933
Americats experimental activities in aercnautics in torld War I

were begun too late to have an appreciable effact on combat operations
during the war, The real effect was to be felt, instead, during the early
postwar years, By the end of the war the McCook Experimental Field had
become an effective center for postwar research and development, and by

1919 the NACA's first wind tumnel, financed by wartime appropriations,

26. The National Research Couneil, apparently inspired by several
civilian scientists and engineers comnected with the National
Academy of Sciences, was established in 1916, with thite House
approval, to make the scientific talent of the nation more directly
avesilable on problems of national preparedness, Its establishment,
one year before America satered the war, compares favorably with
its British counterpart, the Department of Seientific and
Industrial Research, which waes organized in 1915, one year after
Britain entered the war,

-
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was in operation at Langley Field. Wartime expenditures of the Air
Service were able to continue for seven months after the Armistice, to
the end of the fiscal year 1919; $11,302,266 was expended on experimental
projects during the whole wartime period from 1917 through June 1919.27
These expenditures were exclusive of additional sums such as the pay of
military and civilian personnel, and were invested chiefly in the
laboratory facilities and equipment &t MeCook Field and in a substantial
inventory of experimentsl models of airplanes and equipment, Notable

were the following experimental combat models, bullt before the Armistice

but not in production by thcen:28

Ordnance D l-place M"service! airplane
Stout monoplane 1-place "service! airplane
Lepere 11 2-place observation
Lepere 12 2-place fighter
Loening 2-place fighter
Thomas Morse MB-1 .

and MB-2 2-place fighter

Thomas Morse MB=-3  l-place pursuit
Gurtiss biplane 2-place pursuit
Curtiss tripliane 3-place pursuit

USB-1 and 2 fighters, based on British Bristol
USD-94 and B fighter-bomber, based on British DH-4
Glenn L, Martin bomber, 2-engine

Je V. Martin day bouber, 2-engine

Lepere triplane day bomber, 2-engine
In 1919, 1920, and 1921 McCook Field's progress reports to Washington
were devoted almost entirsly to experimental development and testing

27, The total expenditures of the Air Service (materiel, training, pay,
etc.) were $1,047,107,458, out of appropristions totaling i1,691,854,758.
Gorrell, The Measure of America's World War Aeronautical Effort,

PP 8"‘9'

28, Tabulation, "Comments on Principal Airplanes Considered for U. S.

Army Use During the War of 1917" [about 1919], in A. S. Historical
Seetion file 452.1, Airplanes, Gemeral, This list includes also
& number of experimental trainers, and unidentified Gallaudet and
Albree models,
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rather than to standardization and prodnctic;n: the design, and in some
cases actual coaatmction,zg of experimental pursuit, attack, and
cbservation planes; studies and layouts of other planes for night
bombing, night attack, ground attack, and infantry liaison; work on air-
cooled engines, cooling systems, and superchargers; and testing (and
sometimes independent dssigning} of parachutes, leakproof tanks,
photographic equipment, radio, aerial torpedoes, armament, and bombing
equipment.

Postwar experimental activities between 1919 and 19237 were
especially significant in view of the severe budget retrenchments
beginning in 1919, the growi?g indifference toward national preparedness
by the general public, and the increasing pressure for production
standardizetion from higher authority in the Army. On the latter
situation, the Ingineering Division was faced with resistance from
Washington, surprisingly from higher authority within the Air Service
itself. On a bombsight development problem, for example, the Supply

29, A total of 27 airplanes were actually designed and built at MeCook
Field, including the following:

Bombers: USA~D-9, 94, and 9AB; XB~1A (12 articles)
Attacks GA-1 (2 articles)

Pursuit: P¥-1, 1A; TP-1; TW-1; USA~Cl; VCP-1 (8 articles)
Observations CO-1; CO~2 (4 articles)

Racer: R=1 (1 article)

(Engineering Division Rept, No. 2100, 22 Jan. 1923, “List of Air
Service Airplanes, April 1917 to November 1922," in AAG 452.1,
bulk files.)

30, The Engineering Division published a secret report on 1 Nov. 1923,
entitled "Special Report to the Service," which is virtually an
encyclopedia of all air materiel under development at that time.
(Copy in A. S. Historical Section files.)
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Group in Washingbon he¥l this to say late in 1921 on the issue of

production versus experimentation: 3L

If we continue this policy of buying & dab of every kind
of experimental type of equipment that the Engineering Division
in Dayton passes upon with the idea of conducting a service
test, it would not be long before the entire Air Service would
be engaged in service test work, and, should an emergency develop,
it would be impracticable to put any kind of an organization in
the field with the standard type of equipment.

Conmenting on the same general problem shortly thereaiter, the Chief
of the BEngineering Division complained to Col. H. &, {limperis, the
British bombsight pioneer, that experimental work in America was
suffering in the postwar period:3 2
I presume you are having the same difficuity that we are
in these days of economy, Unfortunately the Government is nob
in the hands of scientists and when an economy wave strikes,
experimental development is the first thing to suffer. We
rather fear that the next year will be s very trying one in &
financial wa¥e s « « I fear we shall have to discharge a great
many engineers.
Oriticism of experimental work became more and more general in the early
1920's, For the rest of the decade even quantity procurement sufferad,
and the experimental budget reached its lowest peak in 1927, ironically
near the moment of the nationls greatest financianl Mexhilaration."
Nevertheless, a small mucleus of officers and civilians did survive,
HeCook Field was able to expand into betier quarters at Wright Field

in 1927, and in 1933 the Air Corps was permitted to embark on 1lts most

31, Memo for Bagineering Div. by Acting Chief, Supply Group, 3 Oct,
1921, gquoted in draft ATSC historical study, "Development of
Bombing Equipment," Chape IIL, pe 5.

32, Chief, Engineering Div, to Col. H. E, Wimperis, British Air
Ministry and Imperial College of Science, 17 Feb. 1922, quoted
in ibid., Chap, II, p. &,
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. tyigionary® project ind nepgotiate with Boeing for desicn data for the
noavy aad loap-range boubers. This peacetime research and development
prograrl for beubardreat, berun six years before the .uropean var and
eight years before Fearl Harbor, was initisted early enouch to Nray off™
in the nert war. It was to becows the fundamental basis for the achieve-
ment of superiority in air materiel when [merice became the "srsenal of
decocracy" in 1940, und vhen the Jxmy Adlr Forces went into combat in

1941.
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Chapter TIL

GRO.TH AND ACBIEVEMENT BY SEPTEMBZER 1939

Developmental liodels of Air Materiel on Hand, 1939

When the Turcpean war began in Sepbember 1939, the status of Air
Corps progress in research and development was eritical. The confident
offieial appraisals of 1934 and 1935, that Air Corps materiel was "egqual
or superior, with few exceptions, to that of any other nation,"l no )
longer applied. The Technical Staff at Vrigat Fleld in August 1939 had
estimated Americen aviation as inferior to that of the foreign air
forces, and while applauding any world progress in aeronautics '“from a
purely scientific view-point,” labeled the situation "from a natiomal
defense view-point . » o [ as] deplorable and [one that] cannot be
tolerated for long." Herely "to match, let alone exceed, the rapid
progress a.l,t'ead;y'~ accomplished by other countries" would not be z simple
task:.z This Air Corps view had been supplemented by public warnings
from other leadership in American aviation, including Dr. George W
Lewis and Dr. Vannevar Bush of the Nalional Advisory Committee for
Aeronautics ,3 and Theodore P, Tiright of the Curtiss-liright Corpora~

tion.!" thile most of these estimates were phrased in terms of "warningst®

1. Baker Board, Report, p. 723 Howell Commission, Report, p. 127.
2. ES/R Ho. 50-461-351, 18 Aug. 1939, "Future Aeronautical Research
and Developmental Problems," prepared by E. kotcher, Technical
" Sbaff, in ¥&5 file on WF,¥Y. 1941 E&D Program.™
3+ New York Times, 10, 13, 18 Jan. 1939, 15 June 1939,
L4 Ibid., 26 Jan. 1939

e st L 2 ok PP ‘i
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. by advocates, properly intended to provoke support for expanded aeronau-

tical research, the fundamental aceuracy of their indictment of Army air

' materiel is not chalienged in any Air Corps correspondence and records
P used in this st.udy.s

Tn terms of models on hand in September 1939 ,6 the standard combat
airplanes in actual tactical use in September 1939 had all been in pro-
duction since 1936 or 1937: the Douglas B-18 two-engine bomber, 1937;
the Northrop A-17 one-engine attack, 1937; the Seversiy P-35 pursuit,
1936; and the Curtiss P-36, 1936.7 In terms of developmental airplane
models on hand, the Air Corps position was equally critical. Of the

14 "experimental models on hand, only two were new airplanes built and

5. In 1934-1935, on the other hand, there seems to have existed a
decided disparity between undocumented warnings and demonstrable

. facts as to the quality of Army airplanes. The Howell Commission,

in its Report in Januwary 1935 (pe 127), had eriticized the recent
#incessant &ttack « « « upon the [hopelessly inferior] quality of
American military aircraft," "using every avallable medium of
publicity," while similar self-critical attacks were under way Min
the very countries [ especially Great Britain and France] which
[had] been held up to the United States as examples to imitate,®
The Baker Board had also scored the legend of American inferiority,
based on a "fear . o o industricusly cultivated in this country by
various zealots" (ibide, ps 10J)e

6, For the inventory of all adopted, developmental, condemned, and
obsolete planes in September 1939, see "War Department Special
Quarterly Report of Alrplanes: Status of Regular Army, Organized
Reserve, and National Guard Airplanes,® 30 Sep. 1939, passim.
{Copy in AFSHO.)

7. Total airplanes of each model on hand in September 1939: 218 B«18's,
B-18A19; 202 A-17's, A-17A's; 68 P=35'3; and 171 P~36's, P-36A's,
P=36Bts, P-360's. (Ibid.) Production dates above are taken from
various editions of characteristics and performance charts, 1937-
1939, passim.

i
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8
. delivered during the year -=the North American XB~-2l with turbo super-

10
chargers and power t.urrets;g and the Stearman IA-2) attack bomber,

Of the total of 24 developmental models (both "experimental' and

« tgarvice~test") on hand in September 1939,:ll only five ware assigned
to right Field for experimental work; and, except for the XB-21 and
the ZA-21, they were actually "old" as to their construction date or

their close similarity to older, standard models:

XB~21 mediun bomber (North American), 1939;
XA=21 attack bomber (Stearman), 1939;
Y1B-174 heavy bomber (Boeing), similar (except for engines)
to XB-17 of 1935;
XP=37 pursu%t (Curtiss), bullt in 1937 and based on older
P-36;
XP-41 pursuit gSeversky), built in 1939 and based on P35
of 19363
XFi-1. pursuit (Bell), built in 19373
b . X0=35 transport (standard Lockheed "Electra'), modified
in 1936 for use in high altitude pressurized
cabin research.
-~
. 8 A later statement by the AAF (Hg., ¥C, memo, "Research and Develop

ment in the 44F," prepared by "daj. D." [about Feb. 1943], in M&S
Development Engineering Branch file, 700.430 Kilgore Coumittesme
Office of Technological Mobilization), that only ™a single experie
mental airplene" was delivered in 1939seems, therefore, to be in
error, If the fiscal year 1939 was intended, the following models
were delivered in 1939: XB-21, XP=39, XP=40, XP-4l, XP=42. See
MD chart, "Characteristics and Performance of U. S, Army Airplanes,"
1 July 1939, Sheet A, copy in AF3HO,
9., Other characterisitics of XB-21l: 2 Pratt and ¥hiiney R-2180 engines,
each 1,400 hp, 14 eyl.; span 95', length 61'9", height 14'9";
weight 19,080/27,255 1bS.; speed 195/220/-mph; climb 10/10,00073
ceiling 25,000/-'; rauge 1,950 miles; bomb load, 4000 lbs.; 5 x 430
machine guns. (MD chart, “Characteristics and Performance of U. S.
Army Airplanes, 1 Jan. 1940,
- 10, Characteristics of XA-21: 2 Pratt and Whitney R-2180 engines, each
1,400 hp, 14 cyl.; span 65', length 53'1", height 14'2"; weight
- 12,760/18,257 1bs.; speed 230/257/~ mph; ceiling 20,000/-!; range
. 720 miles; bomb load, 2,000 1bs.; 6 % +30 machine guns. (Ibid.)
11, Twenty-four models, totaling 62 airplanes; there was more than one
article of some of the models, ™Jfar Department Special Quarterly
Report of Airplanes « « »," 30 Sep. 1939,
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. Two other significant developmental models were on hand elsewhere in
the Air Corps: the Curtiss XP-40, built in 1939 as an improvement of the
P-364; and the Boeing XB-1l5, an experimental long-range bember built in
1936, and an ancestor of the ¥B-29 of 19&2.12 Hore promising were the

models ordered but still undelivered: the XB-24, nearing completion by

Consolidated (actually delivered in Decexber 1939); the new medium
bombers at North American and Martin, begun in 1938 and 1939; and the
Lockheed XP-38 pursuit :i.n’oerc:ex}:ﬂ'.or.:"3 This total inventory reflected
in large part the budgetary situation of the Air Corps. As explained
later in retrospect, "so large a proportion of the meager funds allotted

[that is, $3,574,290 for research and development, fiscal year 1939]

. were needed for [the] applied research tplant overhead! [at yiright Field]
- that the completion of a single airplane [or two?] was all that was
N possible in 1939.»"12’ Once the budget was increased, to §10,000,000

in the new fiscal year, the relatively fixed plant overhead, while still
congiderable and not static, permitted "half a dozen . « o complste air-
plane projects [to be] under development at Tiright Field.“ls

In coxparative performence, the best of these combat models were

(except for attack planes) trailing the performance of foreign-developed

models, especially the German. The best-performing Air Corps pursuik,

<

12+ The XB=l5 was agsigned to the GH) Air Force; the XP-40, to "mige
P cellaneous.® (Ibid.) Dates are from MD chart, "Characteristics
and Performance of U, S, Army Alrplanes," 1 July 1939, copy in AFSHO,

. 13+ The XB-19 "flying laboratory" completed the list of experimental

x planes on contract, Ibid,

14, Hg. ¥C, memo, "Research and Development in the AAF," prepared by
"aj. D.M [about Feb, 1943], in M&S file, 700,430 Kilgore Committee--
Office of Technological Mobilization,

15, Ibid,
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the XP-37 (340 mph) was, judging by the Kilner Board evaluation in June
1939, far behind the German Me-1095% (469 mph) and He-132U (440 mph),
but not far behind the British Spitfire (362 mph), and ahead of the
Thalian Me~200 (314 mph) and French Bloch 151 (304 mph). On the other
har;d, some of the best fAmerican attack models-~the ¥A=-21 (257 mph),

the A-20 (395 mph), and the A-204 (347 mph)-—were as good as or ashead
of such foreign models a3 the French Bloch 170/174 (323 mph), the
Italian Ba~65 (267 mph), and the German Ju-87 dive bomber (250 mph).
Finelly, the speed of the fastest heavy bomber (the XB-2k, 223 mph)
topped the British Short Sunderland (210 mph) and perhaps also the
Stirling and }.Eanchester,lé but trailed both the Italian Pi-108 (250 mph}
and the German J1;—89 (255’ mph) .

The status of propulsion, striking power, fire power, all-weather
bombardment, navigational precision, and effective communication all
likewise figure in any estimate of the materiel situwation in 1939.

Iradequate power plants were, for example, the chief explanation
for the lagging aircraft pezzfomance. Engine power had reached a take=

off rating of 2,000 horsepower in the \right B-3350-5, which was planned

16, Performance data on airplanes, even our own, are rarely absolute

and definitive, and many of the data on foreign models are of
' course likely to be pure speculabion. The figures cited above,

except for the observation on the British Stirling and Hanchester,
werec those actually used in the deliberations of the Kilner Board
in Y2y and June 1939, See its report, 28 June 1939, in A. J. Lyon
project record book No. 13, See also, for varying figures, the
MD chart, "Characteristics and Performance of [Foreign] Airplanes,™
15 Jan. 1938, in AAG 452,1 bulk files. Stirling and lanchester
are not listed by the Kilner Board, bui see ibid,
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for installation in the XB-19 ordered in 19393 and 1,500 and 1,700

horsepower had been reached in the Tright R-2600-3 and -7, planned for
use in the B-23, A-204, and £-20, Take-off ratings between 1,000 and
1,200 horsepower, however, were the top limits of engines actually
installed, in both developmental and standard airplanes, as of zbout

September 1939, In most cases these ratings had already been achieved

in 1937 or earlier:l7

1,000 hp: Pratt and Whitney R-1830-11, in XB-15 (1937)
Wright R~1820-51 and -53, in B-184 (1937), Y1B-17A
(1939), and C-42 (1939), and plarned for B-17B
Allison V-1710-7, in XP-37 (1937)
1,050 hp: Pratt and Whitney R-1830-13, in P-36A (1938) and
XP=-42 (1939)
1,060 hp:  Allison V-1710-19, in XP~40 (1939)
1,150 hp:  fllison V-1710-11, in XF-1 (1937), YP-37 (1939), and
XP-39 (1939), and similar engines (sub-models 27,
29, 37) planned for YP-38 and YP-39
- 1,200 hp: Fratt and Thitney R=1830-13, ~17, and -19, in C-jl
(1938), P~364 and ¢ (1938-39), YA~19 (1939), and
XP=41 (1939), and similar engines (sub-models 33,
35) planned for ¥B=-24 and YP=43
Pratt end “hitney R-2180-1, in ¥B-21 (1939)

These horsepower ratings did not represent the acbual frontier of research

in power plants in 1939, because there doubtless were under development
improved models of these and other engines that were not yet ready for
installation. Furthermore, this listing covered only the conventional
internal-combustion engines. Jet propulsion, while no unit for air-

eraft use had as yet been achieved in the United States » had been studied
as a university research project since December 1938, under an agreement

between the Air Corps and the Hationel Academy of Sciences,

17, MD chart, "Characteristics and Performance of U, S. Army Airplanes,
1 July 1939, Sheets A and B,

._u _ _‘ “aﬁ
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. 48 to air ordnance, the maximum bomb weight of the advanced air-
plane models ranged as follows: 8,800 lbs., Y1B-17A; 12,000 1bs., XB=15;
9,040 1bs,, XB=24s and 37,000 lbs., XB-19, the latter only in the con-

tract stage and not to be completed until 1941, and then to be used

- only as a "flying laboratory." The maximum useble bomb size was only
2,000 lbs, for the medium and heavy bombers; 600 lbs, and 1,100 lbs. for
the attack models; and 20 ibs. and 30 1lbs. for those pursuits (XP=-40 and
P=35) that could be used as fighter 'm:n'cxbe:t-sw.l8 Airborne rockets were
still in the fubure.

As to armament, most of the bombers in 1939 carried only «30-caliber
guns, although the new Y1B-~17A had fittings for five .50's, and three

. of the seven gun positions of the forbthcoming XB~24 were for .50's., Fire

%1

control systems, however, were antiquated., In 1937 they had been regarded
L by the tactical units as "practically the same as [those of] &t least
ten years ago,"19 and wholly unfitted for the defensive missions of the
unescorted bomber, a tactical situation visualized as early as 1933.
¢ In September 1939 neither the B-23, the Y1B«17A, nor the forthcoming
B-17B and XB-2L was equipped with turrets, while the B-18A had only &
gingle ,30-caliber turret on top.zo Both in the Air Corps and among its

industrial contractors turret development wes seriously trailing England

i8. Ibide
. 19, "Notes on Air Corps-Ordnance Department Conference," 18 June 1937,
» quoted in draft ATSC historical study, "Power Turrets [1917-1944],"

Chape II, Pe 4.
20, Ibid.; MD Field Service Section, "Armament and Field of Fire--
- Tactical and Training Airplanes [1938-1941]1," [about 1941], in
AAG 452.1, Bulk files (misfiled under 27 July 1938).
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. and Germany., Fighter armament, on the other hand, was perhaps not so

critical, although the sizes and numbers of guns were limited. No
pursuit plane in mid-1939 had more than 4 fixed wing guns, although
planes with more had been experimentally tested 15 and 20 years earlier—
2 the GAX with 8 guns in 1920 and cther ground-strafing planes with 6 to
10 guns in 1925.21 Two of the experimental pursuits (the XP-39 and the
Xff-1l) mounted one and two 37-mm cannon, respectively,zz but the
experimental use of this weapon was at least as old as the considerable
tests of the cannon-mounted GAX in 1920 and subsequent years.23
Navigation and communications ¢gquipment in the advanced airplane
models were limited in 1939 to the standard radio compass, the marker
. beacon receiver, and the command and liaison sets.zh Airborne aids

for all-weather navigation and target detection and tracking were none

existent; and development was lageging, whether because of the economy

‘}

budget of the Signal Corps (the Army-wide procurement agency for radie
and related equipment), the greater emphasis on grounde-force communica-

2
' tions, the existence of Air Corps apathy, or obher reasons, 5 Bconomy

21, The Official Guide to the Army Air Forces (1944 ed.), ppe 346-47,
351
22, MD chart, "Characteristics and Performance of U, S. Army Airplanes,®
1 July 1939, Sheet A, tabulation showing armament and radio equip-
ment for all developmental airplane models, attached to RE&R, Supply
Div, to Col, Carl Spaatz, Plans Sec., 9 Sep. 1939, in AAG 452.1,
Airplanes, General.
- 23, The Offieisl Guide to the Army Air Forces (1944 ed.), vp. 346~47Ts
» 2L, Tabulation showing armament and radio emipment for all developmental
airplane models, attached o R&R, Supply Div. to Col., Carl Spaatz,
Plans Scec., 9 Sep. 1939, in AAG 52,1, Alirplanes, General.
R 25, See draft ALF historical study, "The Development of Radic and Radar
Equipment for Air Operations, 1939-194i4"

Lo,
I e anens
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and cost reduction had certainly been the limiting theme in 1938 in

the deliberations of the Air Corps Technical Conmittee,26 which allocated

only $6,660 for Yobstacle dstection and collision prevention!t ::'e;sea.::'ch,z7
& field of research which later was to contain solutions for all-weather
flying and bombing-through-overcast (Bm).28 On the other hand, ground
equimment for enemy aircraft warning did exist: the SCR-268 detector,
wirich had been developed by the Signal Corps primarily for gun laying
and which gave angular (or azimuth) location of airecraft up to 25 miles;
and the portable 5CR-270, which had & 100-mile range, alse in azimuth
only.29

0
warning service,3 and by December 1939 the Air Corps and the General

In September the Air Board called for an Madequate® aircraft

Staff were planning & new Air Defense Command to employ detectors in a
coastal warning service.31

The equipment for alr defense was definitely inferior, however, to
the best European devices, especially the British CH equipment (range .

185 miles, showing both azimubh and altitude), Furthermore, the Air Corps

26. Lt. Col. Earl L, Naiden, GHQ Air Force, Chairman of ACTC Subcommittee
on "item 9" (communications), and members representing the OCAC, the
Signal Corps, and the Aircraft Radio Laboratory at Wright Field,

27+ "Report . . «" of AGIC Subcommittee on "item 9" (commanications),
Dec. 1938, in AAG 334-8, bulk ﬁ.les.

28+ BTO and target detection were not mentioned in the Alr Corps Technical
Committee report, but they were similar to "obstacle" detection and
ultimately used some of the same solutions,

29, The SCR-268 was first demonstrated in 1937, and the SCR-270
{two models), in November 1939, [Annual] Report of Chief Signal
Officer, 1942, pp. 219=20, quoted in draft AAF historieal study, "The
Use of Hadio and Kadar Equipment by the AAF, 1939=1945," pp. 39-50, 51,

30. "Air Board Report," 15 Sep. 1939, Tab C, p. 3, AG 320,2. (6=26~39),
in A. J. Lyon project record book No, l5-A, in Office of DAC/AS,

MRS,

31. Col, Carl Spaatz, "Notebook! (Nov. 1939=March 1940), 27 Dec. 1939,
meeting with "Gen. Strong®s Office (WDGS); and 12 Feb, 1940,
assignment of Haj., Ge P. Saville to Gen. Chaney's new Air Defense,
Command, in AAG bulk files,

P
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. was lacking the fundamentally related recognition devices (IFF)., Not

2
until Air Corps cbservers returned from fngland late in 194!1,(3‘3 was

Americals inferior position to be fully appreciated in the Army>> and

energetic steps taken to embark on a comprehensive radar development
Program.

Compared with the critical status of air defense aids, the guldede
migsiles situation was not so serious or so urgent a problem in 1939.
The idea of remote-controlled "aerial torpedoes" and pllotless airplanes
was not new in 1939, Although there were no active developmental pro-
jects either in the Signal Corps or the Air Corps at the time, an aerial
torpedo had been developed for the Var Department by Charles F. Kettering
in 1917. It had been mechanically rather than radio controlled, and
was wholly lacking in precision even when it functioned, It had finally
’ been abandoned by the Air Corps in 1935 because of insufficient funds,3"

. and when the idea of a pre-set glide bomb was revived in World War II,
the AAF regarded it wholly as a temporary substitute for a precision

) missile.35

Meanwhile, the idea of radio-controlled airplanes was also
a generation old in the Air Corps in 1939, Mitchell had talked about it,

and in 1930 a low-powered Curtiss Robin had been purchased for experimental

32, The mission included Lt. Col. A, V. Marriner and others. After its
report of about 1 December 1940, a "“full-dress' meeting was held
between the Air Corps, the Signal Corps, the Navy, and the new NDRC

- to discuss the camparative merits of British and American detection,
recognition, interception, and other radar equipment. (See minutes
of conference, 13 Dec. 1940, in LAG 676.3, lireless--Radio System.)

33. Memo for liaj. Gen. H. H. Arnold, DG/S for Air, by Brig. Gen. G. He

- Brett, "The Assistant," 13 Dec. 1940, in ibid.

34e Air Corps Board Report No, 9, 25 Oct, 1935, pp. 3-4y quoted in
draft AAT historieal study, "Radio and Radar Equipment for Air
Operations, 1939-1944," pe 57. e

® 35, Ibide
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use in the develcpment of an aerial torpedo.36 Yore practical, from
the standpoint of economy and immediate tactical use, had been the
related radio-controlled pilotless airplane for target use in gunnery
training, The irmy had completed its first successful test of such a
target plane in 1934, when radic controls and Automatic Flight Control
Eguipment were sufficiently advanced to make the project workable.37

iilitary Requirements and Strategic Needs, 1933-1939
If the develommental models actually on hand in the Air Corps in

1939 did not measure up to foreign achievements, certainly the Air Corps
in 1939 had a valuable inheritance of ideas and partially completed
experiments from the years of peace between 1918 and 1939, covering the
whole range of combat alrplanes, power plants aund propellers, ordnance
and radio emipment, and guided missiles, Furthermore, its strategic
needs were being carefully formulated,

n terms of strategic and tactical needs, the Drum Board's Mair
1. an for the defense of the United Statest of J.Ei‘3338 was still valid,
#0 far as the areas of operation were concerned, This Board had
vigsualized the Army air arxm as serving in its customary roles of bombard-
ment, pursuit, transport, and recomnaissance, all toward the goals of
achieviny air supremacy, lending ground support, and engaging in

offensive land-based air cperations over land and/or sea areas with or

36. Materiel Division, jnnual Report, Fiscal Year 1930, p. 5le

37. Draft AAF historical study, "Radio and Radar EZguipment for Air
Operations, 1939-1944," Chap. V.

38. "Report of Special Committee, General Council, on Employment of
Army Alr Corps under Certain Strategic Plans," approved 11 Qct,
1933, in A0 334.7, bulk files.

THIS PAGE Declassified IAW EO12958




This Page Declassified IAW EO12958

ALFHS=50 36

without sea forces; and mldﬁéf'fhii'use of lorig-range reconnaissance,
tdemolition" of the enemy's interior installations, and "lnterdiction®
of enemy movements, Its operational theaters were to be seven "eritical
areas" surrounding the United States and its outlying bases in the
Western Hemisphere, and five areas corresponding to the overseas
possessions of the United States. The war plans used by the Drum Board
were the "Red" (British Empire), the "Orange" (Japanese Empire), and
the "Red=-Orange" plan, which assumed "a coalition 4 « + with Japnn."39
In the latter plan, considered the most likely, Japan would merely be
tcontained," while "full power" was exerted against "Red." The Soviet
Union and China were regarded as either neutral or friendly to the
United States, while Germany (in the first year of Nazi control) and
Ttaly (still unprovocative in 1933) were ignored entirely., This political
and strategic situation was the one in which the designs of the two new
heavy bombers were undertaken for the Alr Corps by Boeing~-the "Project
299" airplane (which beceme the XB-l7 in 1935) and the XB-15 long-range
bomber (to be delivered in 1937) .hO By 1939 the seven strategic areas

of 1933 were still valid, and were re-expressed by the Air Board in
Septeaber 1939.141 The potential enemy, however, had shifted violently

39, The latter wording is quoted from memorandum by C/AC on "Air plan
o o oy 27 July 1933, which was Exhibit I in the Drum Board report;
but. the Board echoed much the same opinion in its own report.

40, Another interpretation, that the XB-l7 was designed instead for
a Pacific war, with Japan a more likely enemy than Germany "in
1935, is given in another AFSHO speclal study, "Review of Aerial
Warfare for the Scientific Advisory Board [ Groupl,™ p. 6.

41. The Air Bosrd was appointed 23 March 1939, and its report approved
by The Adjutant General (that is, the General Staff and the
Secretary of War)on 15 September 1939, See its report, AG 320.2
(6-26-39), 15 Sep. 1939, p. 1, in A, J. Lyon project record book
No, 15~-A, in Office of DAG/AS, &S,

I RN R T
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from Britain to Germany, underscored by Nazi acts of undeclared war on
the European Continent; but the strategic areas of operstion were
essentially the same, and the aircraft needs as visuglized in the heavy
and long-renge bombers of 1933 were still valid, and were so restated
in September 1939, The Air Board, in its report on strategic and
tactical requirements made to the General Staff, reiterated the "defense"
missions of Army aviation with respect to continental United States and
the oversecas posgessions; included operations "outside of the United
States and our possessions as required by the situation"; and specifically
mentioned both the Pacific and Atlantic sectors--the Panama-Hawail-
Alaska-San Francisco area, and the Panama-Puerto Rico-Natal area.
Meanwhile, after the appointment of the Air Board but before its
report was approved, another board--the Kilner Board--was meeting (in
May and June 1939) to prepare a comprehensive five-year program for
research and development for the Air (:orpss.h2 The new political situation
was too obvious to mention in the Board's directive. Instead, the
immediate problem of military requirements, as posed in General Arnold's
directive, was to prepare a program for catching up with the admittedly
superior foreign progre:ss.l'3 Its report of recommendations,hh 28 June

1939, represented the views of OCAC, of the tactical air arm, and of the

L2. "“Final Report of Air Corps Board [Kilner Board] on HRevision to the
5.Year Experimental Program," 28 June 1939, and Appendixes, in
Ae Je Lyon project record book Noe 13,

L3. Memo for President, Research Board (Brig. Gen. V. G. Kilner), by
Maj, Cen. H, H, Arnold, C/AC, 10 Xay 1939, in ibid., Exhibit A.

4he Made by Brig. Gen, W. G. Kilner, AC, and Col. Charles A, Lindbergh,
AC Reserve, both attached to CCAC; Lt. Col, Carl Spasatz, Flans 3ec.,
OCACs Lt, Col, Earl L, Naiden, GHQ Air Force; and Maj. A. J. Lyon,
Materiel Div., Viright Fleld.
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materiel center, and consisted of a comprehensive set of proposed military

characteristics for combat airplanes, related weapons and equipment, and
trainer and ground-arm planes that seemed capable of actual achievement,
together with an administrative plan for achieving these large objectives
between 1939 and 194k, with respect to such anticipated problems as
budgets, officer and civilian personnel, laboratory and other facility
construction, contract, and procurement procedures, and other administra.
tive matters.

The 15 sets of military characteristics that embraced the combat
and other airplane types were frankly labeled as general military objec-
tives that would involve “a compromise between requirements for military
use and technical features of design.® Such compromises properly could
fonly be determined during design and construction by engineesring
calculations, and wind twmnel and flight tests,! To substitute pre-
conceived, detailed characteristics for broad objectives would "restrict
the technical staffs at Vright Field and the aircraft manufacturers in
determining the compromise of technical features ., + o [for] the best
airplane for military use." Manufacturers working on experimental con=
tracts must be given "wide latitude in the application of their ingenuity
in meeting technical requirements of the Air Gorps.“ks

Anong the advanced ideas brewing in the Air Corps in 1939, the

L6

following could be translated into combat materiel” in five years or

45. Kilner Board, Report, especially ppe. 5, 9-10, 13-1L, in A, J.
Iyon project record book No, 13.

46. 'Types other than Air Corps combat, for which military characteristics
were submitted: corps and division observation; reconnaissance and
photographic; primary, basic, and advanced trainer; and transport.
See Kilner Board, Report, Tabs G through O, in A. J. Lyon project
record book No, 13.

B
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. less, in the view o the Boaxd:

Loag-range bouber, achievable in 5 years: 8,000-mile range (3,000~
mile radins); 400 mph; 200,000 1bs,; normal bomb load, 4,000
1bs.; dependent on development of 3,000 hp engines.

~d

ta

% Heavy bomber: 5,333-mile range (2,000-mile radius); 375 mph above
20,000 ft.; 70,000 1bs.; normal bomb load, 2,000 lbs.

Medium bomber, 2-engine: 2,667-mile range {1,000-mile radius);
400 mphj 30,000 lbs.; normal bomb load, 500 lbs.

Light bomber, 2-engine: 800-mile range (300-mile radius); 400 mph
. at 3,000 to 5,000 ft.; light weight; normal bomb load, 1,200 lbs.

Single-engine interceptor pursuit: speed, 500 mph, achievable in
2 years, dependent on new airframe and improved V-1710 and
R-2800 engines,

Twin-engine pursuit fighter: speed, 500 mph, dependent on the
development of & 2,500 hp enginej 800-mile range (300-mile radius).

Aerodynamics: '"mo radical departure . . . can be depended on to
. obtain large increase in speed within the next two years';
improvements in wing loadings, cleaner airfoils, and more compact
- engine installation.

Engines: 1,800-2,400 hp and 3,000-hp engines, for fighters and

. long-range bombers, achievable by 1941; given earliest priority.

' Fire control: remote-control flexible guns for bombers; installaw

i tion of cannon; adjusted forward firing of fixed pursuit guns;
apparatus for medium and heavy bombers given almost top (Fo. 2)
priority.

Among the omissions from the Board's five-year program were jet propulsion,
guided missiles, and radio aids. The limited jet research project with
the National hcademy of Sciences was only just getting under way, and
apparently its practical future for aireraft power plants could not yet

A\ be foreseen. As to guided missiles, General Arncld had presented a

nright Field study asking for §960,000 for "special projects s dincluding

the Mapplication of basic research . . «, aerial targets, aesrial torpedo,
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etca," T tut the Kilner Board did not specifically inciude the problem

in its recommendations, Hadio recommendstions for the new bombers and
pursuits were limited to the standard communications sets and to naviga-
tion aids "for effeetive day-and-night operation . . . under all flying
weather conditions.® But all-weather aids, detectors, and target trackers
under development by the Signal Corps were 2ll excluded, presumably
because the Board was concerned only with materiel under Air Corps pro-
curement "cognizance? and not with the research programs of the Signal
Corps, or, for that mabter, with the programs of the other supply services
of the Army such as the Ordnance Department, the Chemical Warfare Service,
the Corps of Engineers, and the Quartermaster Corps.

By September 1939 the Kilner Board program hed been revised downward,
in connection with the immediate budget problem for the fiscal year 1‘:"43...'!"8
The 8,000~-mile long~range bomber had been deleted (but was to be revived
later in the XB-35 and the XB-36), but the 5,333-mile bomber survived,
as well as the other bombers, the pursuits, and the engine and fire
control proj eu:ts."'Fg The Air Board, which had made these revisions, went

beyond the Kilner Board to emphasize that aircraft development "must be

L7. Staff study by Materiel Div., n.d., p. 6, in Kilner Board Report,
Appendix I, in A. J. Lyon project record book No., i3.

48, Mentioned in memo for Materiel Div, by C/AC, 29 4ug. 1939, in
A, Jo Lyon project record book No, 13,

49. VD, "Research and Development Program, Fiscal Year 1941," Table 1
for Air Corps (rev. 7 Sep, 1939, blueprint copy); and AG 111
(3-30-39), 10 fug. 1939 (copy), both in ibide See also "Air Board
Report! (15 Sep. 1939, Tab F, pe 4, in A. J, Lyon project book
No. 15-4), which, with WDGS and S/W approval, concurred in the need
for & 5,333-mile bomber (2,000-mile radius) for use in Atlantic
and Paclific areass

o i
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paralleled in the field of accessories, particularly armament and
communications equipment, and that this latter development must be

synchronized with the development of the airplane i‘c.self.“50

The Air Corps Experimental Establishment, 1919-1939

The laboratories, special hangars, and other experimental facilities
at ¥Wright Field in 1939 comprised a plant, valued at about £10,000,000,
which had been under development since before March 1927, when the
Materiel Division was transferred to that location from near-by McCook
Field, also at Dayton, Chioc., The experimental facilities were divided
largely into laboratory branches, corresponding to each of the large
categories of air materiel: Aircraft, Power Plant, Propeller, Armament,
Fhotographie, Equipment, Materials, Aero-Medical, and Radio, the latter
a Signal Corps rather than an Air Corps installatiocn at iright Field,
A substantial portion of each yearts budget had been used for the
continuous improvement of the Field, Thus, in the fiscal year beginning
1 July 1939, $544,343 was spent for machinery and laboratory apparatus,
and $199,331 for general maintenance and improvement; > and $6,461,000
was earmarked for the construction of additional laboratories and other

Fixed equipmant.sz The Air Corps was skillful in impressing public

50, "Air Board Report," 15 Sep., 1939, Tab G, p« 1, in A. Js Lyon project
book No, 15-A, This recommendation on electronics was ultimately
approved, in terms of Signal Corps--Air Corps Administrative re-
organization, in the DG/S directive of 26 August 1944, which trans-
ferred jurisdiction over air communications eguipment from the
Signal Corps 1o the AAF,

51, MM&D, "AAF Research and Development FProgram" [about April 19441,
in V&S Developmeni Engineering Branch file, 700.430 Kilgore
Conmittee«=0ffice of Tecnological Nobilization.

52. Adr Corps section of D, "Research and Development Frogram, Fiscal
Year 1940,% 23 lay 1939, in AAG 400,112, Test, Development iorke
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opinion with its "aeronautical resesrch center" at iright Field,53 and
advertised much of its equipment, such as the "largest propeller test
rig in the world," capable of whirling a 45-foot propeller, three times
as large as any standard propeller, at very high speeds (4,300 rpm)
generated by a 6,000=-hp motor, a3 motor more powerful than any locomotive
engine and three times more powerful than any aircraft engine. Among
other equipment were engine test stands, static test equipment, a 40,000~
foot altitude pressure tank, and a high-altitude plane (the XC=35)
pressurized at 35,000 feet.sl* These were only & few of the 0 or more
groups of specialized testing egquipment on hand in 1939.55

As to the regearch and testing staff at lright Field, figures
segregated according to research, production, and other materiel functions
are not available, but the majority of the nearly 2,000 civilian and
military personnel of the Majeriel Division in 1939 were engaged on
experimental, service test, and related activities, either as engineers,

technical assistants, professional supervisors, or nonprofessicnal

53. Before the war the Air Corps had opened many areas of iright Field
to the visiting public, including a historical museum set up
primarily for public education. See AR 95-40, "Army Aeronautical
liugeun,® 1] dJune 1942 and earlier eds,

54. Science News Letter, 8 July 1939, pp. 26-28, This article is only
cne of hundreds published in popular magazines during these years.
No atteapt is made in this historical study at a eritieal appraisal
of the Materiel Division's public relations policy, an important
elanent in stimulabting popular appreciation for military resesrche.

55, A convenient listing of Wright Field's equipment (as of 1935, a
few years earlier), is found in the Directory of Inspection Services
and Testing Laboratories of the Federal Government {published by
the Treasury Procurement Div, and the Mational Bureau of Standards,
1935), ppe 183-85; copy in HBS library. The superseding edition
(1944, same title) excludes Wright Field, as well as the NACA, while
at the same time listing the Navy Bureau of Aercnsutics laboratories
at Philadelphize

L - - S b s i IR il
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workers, all of them by and large indispensable to the operation of the
laboratory branches and the technical staffs. Hore significant than the
tobal personnel strength was the striking facht that of the total post
strength of 1,984, 1,759 were civilians,56 a personnel situation that
had its origins at MecCook Field in 1917. Wright Field was conseguently
s "eivilian® military post, and its long experience with the use of
civilian experts in technical phases of milltary administration was
unique in the armed services, Perhaps historically this was just as
significant as the later, more widely publicized appearance of civilians
in the strategic and tactical councils of the Army in vorld war II.57
It was a common cbservation within the iir Corps that "the [Materiel]
Division is run by a lot of c:i.w:‘.:i.:i.a.ns."'58

The Air Corps had depended largely on Civil Service personnel for
many years, and their quality had been estimated as something better

than the equivalent engineering personnel of the Havy Bureau of

56, Fersonnel strengbh of ¥ateriel Division, 1 July 1939: 1,759 civilians,
149 officers, 76 enlisted men. The strengbh from 1935 to 1938 had
been gomewhat less, averaging about 1,300 civilians, 100 officers,
and 4) enlisted men. See Materiel Command Historical Office,
"History of the Yateriel Command, 1926-1941," p. ba.

57« Probably the mosi distinguished World War II exauples of civilians
in high military positions are Harry L. Hopkins, Chairman of the
Inter-Allied Munitions Assignments Board, 1942 ff., and Dr. Vannevar
Bush, Chairman of the Joint Chiefs of Staff Subccmmittee on New
weapons and Eguipment, 1943 ff.

58. Capte Ce Se Irvine, "Special Persomnel Study on Civilian Personnel
of the lateriel Division . . .," 22 Jan. 1939, p. 12, in AAG 32L.1,
bulk files, In another comnection, General 3reit had contrasted
Wright Field with the Supply Division in vashington in that the
latter lacked "suitably trained, properly eauipped civilians. The
backbone of any supply and engineering organization is the civilien
element, Any number of specially qualified officers can be furnished
but they do not take the place of the man who sits ab the desk and
keeps constant contact with the debails of the job," (Memo for
C/AC by Brett, 13 Sep. 1939, in AAG 321.9, Vateriel Div.)
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Aeronautics, composed largely of officers.5 ? Hot that. the personnel
situation was in perfect condition in 1939, Insufficiency in numbers
was an obvious problem, and the Chief of the Air Corps in May 1939 had
asked the Kilner Board to recommend 800 more civilians for reaearch and
development work.60

Other more serious problems than numbers existed. A Wright Field
survey in January 193961 had urged that its experimental personnel must
constitute "a cross section of Air Corps officer personnel and civilian
engineers, clerks, mechanics, and laborers, such as will be found in
industry," and the leadership must be adegquate to insure proper comrdina-
tion with industry and with the tactical organizations, and to avoid
dangerous errors in engineering decisions. The objective should be "a
pernanent liorks Laboratory" esvailable for research and development, as
well as for production‘liaison and tesiing for the Materiel Division
and industry, and service engineering tests for the Air (.‘n::rps.62 Salaries
must be higher, in order to reeruit and hold high-caliber engineers and
industrialists, snd to aveid the fate in a competitive world whereby
"the cream of our engineering staff will be Jost and only the inefficient

dregs will remain to muddle along in a typical civil-service rut.."63

59« Opinion of the Federal Aviation Commission (Howell Commission), in
its Report, ppe 1l54-55,

60, Memo for C/iC, n.d., in Kilner Board report, 28 June 1939, Appendix
1, in A, J. Lyon project record book No. 13. The Board made no
reconnnendation , but under the new appropriation for 1939-1940 this
civilian strength was virtually reached--an increase from 1,759 to
2,478 civilians, See Materiel Command Historieal Office, "History
of the Mfateriel Command, 1926-1941," p. 6a.

6l. Capt. C. S. Irvine, "Special Personnel Study on Civilian Personnel
of the Materiel Division," 22 Jan. 1939, in ALG 321.1, bulk files,

62. Ibido, Pe 15.

63, Ibid., p. 12,
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In addition, the survey recommended, temporary short-term engineers and
obher expert consultants should be recruited to supplement the "permanent
nucleus! at Wright Fleld, not only to infuse "new blood" into experimental
activities, but also to permit rapid retrenchment if budget cuts should
be threatened, A good permanent nucleus would in any case remain to
insure that "the spark of military progress would be kept alive in the
Laboratories and on the Project drawing boards of the Division by the
permanent engineers.“

Engineering officers, compared to the civilians, were regarded as

65

inferior in numbers and training in 1939, the survey had found, For

example, there were only one pursuit and one bombardment project officer,
each with one civilian assistant; and each team handled three or four

projects, making it impossible to conduet adequate visits to the plants

66

and adeguate operations and planning at the field. Again, a permanent

nuelens of officers was indicated--a program that also earlier had the

support of the Howell Gommission.67

61]-. Ibid-. 3 p. 13.

65. In addition, after the Chief of the Materiel Division and his
immediate staff were moved to Washington in October 1939, the
shortage of experienced engineering personnel applied to Washingbton
as well. General Brett complained that "Whenever a special develop-
ment or yresearch project comes up such as + « « the leak-proof tank,
e + » fire control, redesign of egquipment for speed performance,
ete., officers have to be taken from other important work to be
concentrated upon these developments," An immediate remedy, he

" suggested, was to withdraw the 15 Wright Field officers at the Air
Corps Tactical School at Maxwell Field, and discontinue the school
enti;'ely. {R&R, Brett to C/AC, 13 May 1940, in AAG 321,9, Materiel
Div.

66, Irvine, %Special Personnel Study on Civilian Personnel of the
HMateriel Division," 22 Jan. 1939, pp. 9, 11=-12, in AAG 321.1, bulk
files,

67. See its Report, pp. 154=55. Both officers and civilians were in-
cluded in the Commission's idea of a "Corps of Aercnautical ingineers.,"
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As to officer training, the survey in January 1939 had recommended
a doubling of the enrollment at the Air Corps Engineering School ab
Yiright F:’:.z’.e}.d,,68 and a triple increase in the assignment of officers as

69

postgraduate students in university engineering departments. Advanced
university training for engineering officers had until recently been
virtually nonexistent for years, nor had a program been reccnmended by

70

the Howell Commission in 1935. The ijar Department had authority enough--

more than that of any other federal agency7l--to expand this training
program, including enabling legislation dating back To 1916 that permitted
up to 2 per cent of the officers of the Regular Army to be detailed to
such institutions.72 The Air Corps, furthermore, had been given special

authorizations, ineluding an act of May 1920 permitting as many as 25

officers to be trained in aerovnaubtical engineering at & time, and an

68, The Air Corps Ingineering Scheol was the Army!s center for the
training of Air Corps officers primarily for materiel development
and production., One other Army school devoted to materiel matters,
the Army Industrial College established about 1920, was interested
primarily in industrial planning, preduction, and contracts on an
Army=wide scale,

69s Irvine, "Special Personnel Study on Civilian Personnel of the Materiel
Division," 22 Jan. 1939, ppe 4, 12, in AAG 321.1, bulk files,

70. The Federal iviation Commission (Howell Commission), while it spoke
broadly in favor of a "corps of aeronautical engineers,” made no
recommendation for postgraduate training in civilian schools. Thils
omission is especlally significant in view of the Commission's
membership, which included Jercme C, Hunsaker, then head of the
N.I.T. mechanical engineering department.

71. Since 1926 no federal agency except the ifar Department (whose
legislative authority is cited below) had been permitted by the
Comptroller General to send government employees to technical and
other civilian educational institutions., See the latter's ruling
of 9 July 1926, copied in National Resources Committee, Relation
of the Federal Government to Research (1939), p. 37,

72, Lhots of 30 June 1916, 39 Stab. 1063 & June 1920, 41 Stat. 7863
amendment of 8 June 1926, 44 Stat. 705; &1l conbained in 10 U, S,
Code 535, See also later, broader amendments, 13 May 1941 (55 Stat.
189) and 30 June 1941 (55 Stat. 369), in ibid. An act of & February
1942 (56 Stat. 50) removed any percentage limitations on any branch
of the Army and on any of the personnel categories-~Regular Army,
Army of the United States, and enlisted men,
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all-inclusive provision in the Air Corps expansion act of 3 April 1939,
permitting postgraduate training "without reference to any [earlier
statutory] limitation, nl3 In terms of actual enrollment, Wright Field
had sent three officers to Michigan, California Institute of Technology,
and Stanford, in September 1938 to study aercnautical engineering, and
four officers to California Institute of Technology, Stanford, and
Massachusetts Institute of Technology in September 193971’—-0116 more but
hardly the triple incresse recommended by the survey earlier in the
year. In both of these enrollments, Wright Field and Office of Chief of
Air Corps headquarters were apparently operating under the 2 per cent
rule rather than under the broader legislation of llay 1920 and April
1?39.75 In any case, however, Wright Field had enough legal authority
to send a triple or even larger complement of officers to school, if it
wished, without the blanket act of 1939, The few dollars for tuition
were, of course, no financial burden onthe Air Corps, The small enroll-

ments were due not to legal or budget limitations but probably to the

73+ Act of 10 May 1920, 41 Stet. 594, in 10 U. 8, Code 298; and act of
3 April 1939, 53 3tat. 556, sec, 2.

The Yemo for TAG by C/AC, 1 March 1938; and teletype, Exec., MD to
Persomnel Div,, OCAC, 9 May 1939, both in AAG 210,66, Detail to
Civilian Fducational Institutions., Meanwhile, officers from else-
where in the Air Corps were taking scme advanced university works
1 in 1937, 15 in 1938, and 4 in 1939, all in meteorology at C.I.T.;
and 3 in 1939 in mathematics, at M,I.T.

75+ As late as April 1940, the OCAC Personnel Div. was still iavoking
the 2 per cent rule, (See R&R, Personnel Div., to ¥D, 12 April
1940, in A4G 210,66, Detail to Civilian Educational Institutionse
The 1939 enroliment was 2,7 per cent of wright Field's officer
strength of 149 (as of 1 July 1939). The statutes of 1916, 1920,
and 1926 (cited above) did not, however, restrict an individual
post of 2 per cent. Rather, the quota applied to each irmy branch
(e.g., Air Corps) as a whole,

THIS PAGE Declaséi_fied IAW EO12958




This Page Declassified IAW EO12958

ALFH3-50 43

shortage of officers who could be spared for advanced technical training.
In addition to laboratory facilities and seientific personnel
availsble, the Air Corps researcnh establishment might also be evaluated
in terns of its appropriations and expenditures., Although money figures
in themselves are hardly a measure either of the value of research% or
of accomplishment in terms of new and betder airplenes and weapons, they
were the indispensable means for providing facilities for the develop-
ment of new weapons. Air Corps appropriations for experimental activities
during the years of peace 1920-1939 were not inconsiderable, In fact,
in comparison with the research budgets of other governmental laboratories,
of industry, and of universities engaged in peacetime research, Air Corps

funds were actually quite substantial.77

The funds specifically earmarked
for “research and development" are shown in the table on the following

pages These annual sums are in general s conservative understatement of

76. Thls observation is explored rore fully, for example, by the
National Hesources Committee in its study on Relation of the Federal
Governuent Lo fiesearch, pe Gh.

77. TFor example, the iir Corps research budget in 1937 was ijk,518,460
(see tabulation on pe 49), which compares with the estimated research
expenditures (in the physical and natural sciences) as follows: all
federal laboratories and experimental stations, #124,000,000; all
industrial laboratories, 3100,000,000; all university resesrch
programs, 351,000,000 (1935-1936 estimate); and all endowed founda-
tions, 33,000,000 (estimated annual average, 1919-~1938),

(See National Hesources Committee, Relation of the Federal Govern-
ment to Research, pp. 3, 8, 65, 67, 180).

Conpared with the Mavy and other federal laboratories, the
4ir Corps stood as follows, in terms of percentage of the total
federal budget for research in 1937 (124 millions) aad 1938 (108

millions):
1937 1938
Air Corps Tl 543
Navy Bureau of Aercnautics Lel 5e1
National Bureau of Standards 1.4 1.5
Mational Advisory Committee 1.9 2.0

for Aeronsutics

_
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Adr Corps Appropriations for éggerimentation,
Research, and Develoggmt, 1220-121,1_)-.

Figegy "Research an Civilian "Service Total résearch
year Development"- pey rolis Testn & &pPpropriation
1920 % 4,522,078
1921 5,928,062
1922 4,,1?5,545
1923 3,150, 517
1924, ;31,130,000 $1,820,000 35000,000
1925 1,190,000 1,890,898 3,080,893
1924 900,000 2730,000 2,630,
1927 702,720 1,481,280 <5184,000
192¢ 750,000 1,450,000 25200,000
1929 694, 550 1,569,090 25263,640
1930 675,930 1,580,000 2,255,930
1933 675,930 1,623,331 2,299,261
1932 644, 599 1,648,288 2,299,397
1933 1,153,967 1,667,600 $375,000 3,196, 567
1934 1 566,797 1,296,020 151,000 3,013,817
1935 1,924,984 1,561,815 310,000 3,796,?99
193¢ 3,968,563 1,648 aga 350,000 5,966,861
1937 2,468,900 1,657,060 392,500 4,518,460
1938 2,9 2135 1,10!;,950 316,805 4,349,890
1939 2,043,409 1,201, 550 329,331 335%4,290
1940 8,037,962 1,588,838 233,200 10,000,000

Adapteg Trom wop, sheets gng tabulations in Mes, including: teletype,
Wright Fld, ¢g AC/S (1) » Ha,, 1 [about ¢ Feb, 194375 and data faop
Bakep Board, Report, 1934, ‘a1z filed i U&s 700,430 K{lgore Committee.
Office of Technological ifobilization.

b, Enown ajge in farly yeaps as "E‘agnerimental Procuz-ement" and latep
25 "Projeat (A

3+ Known aig, &5 "Project 724"

4. Known also ag "Project 73,0

ifi 12958
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. mohey actually spent by the Air Corps for research, because they did not
include such considerable items as the military pay for the engineering
officers at Uright Field, the expenditures for construction of laboratory

N and other specialized facilit.ies,78 and other items that for budgetary

and accounting purposes could not be labeled ;'Research and Development‘..“79

Substantial as these ressarch budgets were vp to 1940, there had
been from year Lo year a striking disparity between their very slow
growth (if not retrogression) and the relstively rapid increases for
the Air Corps as a whole, While the research budget eventuwally rose
from 2.6 millions in 1926 to 3,5 millions in 1939, the entire Air Corps
budget mounted from 16 to 73 m:i.ll:i.cms.aml Historically compared, from

1920 to 1940 the research budgets showed still other trends: that the

research budgets of the immediabe postwar years of 1920, 1921, and 1922

-~ were substantial; that they were not matched by comparably high budgets

. until 1936; and that during the intervening meager years 1923-1935,

78. For example, the fiscal year 1940 budget included, in addition to
projects 71, 72, and 73 (all for research and development, civilian
pay roll, and service test equipment), also $6,481,000 for project
75, "Additions to Laboratories, and Zouipment." See Air Corps
section of "war Department Reseerch and Development Program, Fiscal
Year 1940," 23 May 1939, in AAG 400,112, Test, Development Siorke

79+ The research budgets of the Air Corps, the other Amy supply services,
and the Navy supply bureaus all are commonly an underestimate of
funds actually spent, because of factors such as the above, rather
than because of any conscious "hiding" of the function of research

- under other more innccuous headings., Civilian federal agencies, cn
- the other hand, had tended to hide some of their research funds
under other headings as "window dreasing," in order to avoid the
. popular stigma attached to federal resesrch activities., 3See
- National Hesources Committee, Relation of the Federal Government to
Research, pp. 63, 87-88.

80, See tabulation of Adr Corps appropriations, 1926-1939, in A4LF
Historical Studies: No, 22, Lepislation Relating to the AAF Materiel
Program, 1939-1944, p. 161,

A L i
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. appropriations reached their lowest figure in 1927, ironically near the

pezk of America®s financial expansion of that decade, rather then during.

. the depression years 1931-1935, Perhaps equally ironical was the severe
2 economy budget of the last year of peace, 3.5 millions in 1939, which,
* while it was larger then any Alr Corps research budget in the Coolidge

or Hoover aduinistrations, was smaller than any previous budget during
the Roosevell administration.
To evaluste in this maaner a political administration, however, is
as incomplete an explanation of the lag in Adr Corps research funds as
it is to repeat the myth that the Congress (rather than the Bureau of
the Budget or the iar Department) regularly cut the Air Corps budget
. . esbimates during these years.gl Funds were apparently easy to come by
’ in the first years after iorld tar I, Likewise after 1939, with virtually
3 everyone on the research "bandwagon," adeguate appropriations were to
. become progressively less a problem for the AAF, It was during the
intervening years of peace and "normaley" that the Air Corps was starved
for funds—during the very period when research and development (of all
the functions of the military) could be used most effectively for national
preparedness. lmether the responsibility for the curtailed budgets of
the period lay with the White House, the Budget Bureau, the War Department,
the Congress, an apathetic or hostile public opinion, or an ineffective
- public relations policy by the Air Corps and the War Department, the

insdequate budgets were the final, immedirbe explanation why the &ir Corps

81, The fallacy of this legend is discussed in ibid., pp. 56-57.
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could not explore (or subsidize) the numerous, tantalizing avenues of
pure and applied science that had "possibilities" for new air weapons.
Superimposed on {right Field!s resources for research and develop-
ment, was an adninistrative and military hierarchy which controlled and
supervised expenditures; assigned experimental and test projects and
their priorities; formulated policy with respect to cooperative research
in industry, the universities, and the other military and federal
laboratories; and sat on evaluaticn boards and other committees when
the new airplane, weapon, or design was being appraised. The authority
for these responsibilities over materiel development was derived not
only from the iir Gorps act of 192682 and subsequent Army Regulations ,83
but from the Constitution itself--from its grant of power to the federal
governuent to "provide for the common defense," to "raise and support
armies," and to maeintain execubtive departments for carrying out these
military funct.ions.% The Army, like the Navy, had a consbitutional
obligation to undertake research, unique in the whole government except

in the Bureau of Standards, which likewlse stemmed from the Constituticn,.

82. For a history of the act of 2 July 1926 and other legislation
governing the organization of the military air arm, see AAF Histor-
lcal Studies: No. 25, Organization of Military Aercnautics, 1907-
1935,

83. £R 850-25, governing "Development . . . of [Army] Equipment,®
various editions (15 July 1931, 23 July 1936, and 33 June 1943);
and AR 95~15, 21 April 1930, and earlier, superseded editions,

AR 95-15, insofar as it applied to the Materiel Division's
respoasibilities for experimental engineering and testing, was
apparently superseded by CCAC Cireular 65-39 (26 March 1941), and
later by AAF Regulation 65-60 (successive editions: 23 July 1943,
16 Dec, 1943, and 11 April 1944).

84, The Hational Hesources Comnittee in 1937-1938, surveying the
nation's seientific resources (felation of the Federal Government
to Research, pp. 25-27) called attention to this fact,
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This authorization is of more than academic or antiguarian interest,
in connection with the ever recurring problem of whether the ultimate
control for materiel development shall rest in the military, the clvil
agencies, or entirely outside the government. In the most recent con-
troversy on this point (the proposal for an Office of Technological
Mobilization by Senator Harley M, Kilgore in August 1942), there was
an inferred threat in the bill to remove the Army (and Navy)} from
soatrol over its research poliecy. The AAF and the other services cited
all of the usual basic legislabion and helped to defeat that particular
proposal, Vhether or not they were generally aware that the Constituticn
itself was a "trump card" in their behalf, novhere was it invoked in the
testimony or the correspondence.

Inmediately supervising the nine laboratory branches at Wright
Field in 1939 was the Chief of the Experimental Engineering Section,
Maj. Franklin O, Carroll, and his Technical Staff. This "EES," in turn,
was (along with Production kngineering and other operating sactions) a
component of the Liateriel Division, an organization that had been virtually
free of major administrative changes affecting research, ever since its

origin shortly after the Air Corps act of 1926.85

85. See Materiel Commend Historical Office, Mlistory of the Materiel
Cocmand, 1926-1941." For drafts of proposal for a Materiel Division
in 1926, see AAG 321,9, Materiel Division. Previously, the Znglneer-
ing Division at McCook Field, 1919-1926, had been concerned almost
exclusively with research and development (including the actual
construction of experimental airplane models for some years after
World War I), while production and supply were handled by the
Supply Division in washington and the Fairfield (Ohio) Air Depote
These functions were merged shortly before their reorganization
into the Materiel Division in 1926. HNemo for C/AC by Cole T G
Hall, Chief, Supply Dive, in ibid.
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One major change did occ 9 » however ,’ which represented a
trend away from the decentralization that had exisbed since 1926.
Shortly after the outbreak of the BEaropean iar, thq'Chief of the Materiel
Divigion, Brig. Gen. Ge. He Brett (cucceeded in 1940 by Brig. Gen. Card
Spaabz and then by Brig. Gen. O. P. Hchols) was moved to Uashington to
be in a position to advise the Chief of the Air Corps more closely on
research and development, as well as on other materiel problems such
as production and industrial mobilization.% Ever since 1926 Tright
Field habge/ig.thout direct representation in the inner councils of OCAC
headquarters, The small Hater;i.el Liaison Section in Vashington had
actually been a part of the Supply Division.87 It had had no rank or
prestige comparable to the other basic iir Corps offices for training,
personnel, and operabtions, and it had been abolished about September 1538.

How in October 1939, after some opposition in ‘iashington ,88 the Chief

86, Materiel Div., L. I. No. 1, 2 Oct, 1939; copy in Lateriel Comnand
Historical Office, "History of the Materiel Command, 1926-1941,%
pps 38b-38c, The move was announced by a press release in Septeuber
1939,

87, This section, established 14 October 1926 with one major, three
captains, and four professional ciwvilians, was at first called “an
activity of the lUateriel Division.® Before that time, the Engineer=
ing Division (1917-1926) off-and-cn had had a single representative
in Taschington--Capte R L. Ealsh in 1926, lMemo for Exec., OCAC by
Maje L, e UcIntosh, Chief, Materiel Liasison Sece., 25 May 1927, in
AAG 321,9, Materiel Div,; and memo, 27 Jan. 1926, in AAG 400.112,
Tests and Experimenta, WF.

88. The Supply Division had opposed, while Flans and others favored the
move, See AAF Historical Studies: Nos 10, Organization of the Army
Adr Arm, 1935-1943, ppe 75-76. The move apparently also had General
Ernold’s support. General Brett at Viright Field favored the move
only if he were to be accompanied by a small, expert staff of
civilians and officers to serve with him in lashingbon, iithout
such a staff, his section would be no better than the Supply Division
(which, he said, also lacked ®"suitably trained, properly equipped
civilians"), and he (Brett) "would be as useless as a 'fish out of
watert,® (Mexo for C/AC by Brig. Gen. G. H. Brett, 13 Sep, 1939,
in AAG 321.9, Materiel Div,) _ ]

s
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. of the Materiel Division moved to Washington, together with a small
staff of plamming officers including lNej. A. J. Lyon, Capt. B. i, Chidlaw,
. and Capt, J. F, Fhillips (Maj. B. E. leyers came to washington later);
. and left his hssistant Chisef, the Technieal Executive, and the bulk of
the technical and laboratory staffs at Tright Field. This Vashington-
Viright Field relationship was to continue virtually uninterrupted
through the whole course of jorld iar IT, with almest no major organiza-
tional changes affecting research and development except changes in name,
as shown in the table on the following page.
In temms of the concepts of "centralization" and "decentralization,"
the ¥aberiel Division had been complebely decentralized since 1926, and
. only slightly less so after 2 October 1939, The later, widely publicized
decentralizations that were to accompany the general AAF reorganizations
v of 20 June 1941, 9 March 1942, and 29 llarch 1943 had only a slight effect
" on research and development policy and control, uright Field activities
continmied, whether they were called the Materiel Division, the Kateriel
Center, the Liateriel Command, or the Air Technical Service Command, while
the staff office in tfashington likewise merely underwent variocus chanmes
in neme, with, however, essentially the same leadership, the same nucleus
of key officers and civilians, and the same channels over the whole
period 1939—1945-89
Such a schematization of the history of the Air Corps research

and development organization (as above) is of course a complete

A9, Later, especially in 194k and 1945, as the war progressed, nmore
and more staff officers in Washington were assigned to overseas
duty, such as Chidlaw in 1944, but many of the key personnel in

. AC/LS, L&S remained.
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CRGALITE 'LE'ICZIW26—19M
Date washineton wrirht Field
Oct 1926 Vateriel Liaison Sec of Yateriel Div (30), mclud:.ng

ey 1937~
zar 1939

Lpr-3ep 1939

29 Yar 1943

17 July 1944

19 July 1944

31 Afug 1944

iov 1944

Supply Bivision

Sane, until 3ep 1938,
when Section was abole-
ished

Cemmand, including a Chief

of staff Sznerimental
B=a

"’f.eﬁsbd HC/LD Laterdel,
Yaintenance and Distr: Dlptr:.bu-
tion, including Materiel
Div, Levelopment ing Br

Bane

fedsgd LC/LS, Lalericl
and Services, ineluding
Tabteriel Div

Sare

Smme, execept lateriel
Div, iacluding Zng Er,
and HEesearch Liaison
Br

T¥perinental Eng See (EES),
vith 6 type brs or labs

Sane, exeept development and
oroduction secs combined into

e

a single Log Sec

Same, except Dxperimental
=ng Seg restored, and Yech-
n:Lcal staff and 2 zaditional
Tabs estbd

2 Cet 1939 Chief, lateriel Uiv, Lsst Chief, 'ateriel Div,
moved here, including a including Pechnical Staff,
’ staff section for Ixperi-  idxperimental Eng Sec, and
uventsl “ng 9 type labs
Dec 1941 Caief also dsgd as hsst Zane, except Technical Staff
for Procuremnent Services placed within 23
3 9 Lar 1942 Redsgd (G, !ateriel Same, except liateriel Div

rodsod lateriel Center

HRedspd Labepriel Sommand, in-
cluding cne Div

Hateriel Command, including
Ing Div, pldced under a new
Uirector of lateriel and
Services

LORE

Lateriel Sommand, inciuding
ng and Frocurement Div, and
labs reorganized under 5 brs,
made part of a new Lir Tech-
nical Service Coamsand

Same
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oversimplification if viewed as anything but a historical directory for
convenience of reference, Not only were there occasionally lesser {but
more subtle if not more significant) internal administrative changes not
shown above, such as the establishment of a liaison office at the NACA
in 1939; there were also minor internal reorganizations that were never
announced and reorganizations that were announced but never put into
effect. Nore fundamental was the fact that freguently the directives
that led to them were based not on theories of management or even on
good historical precedent, bubt on changes in research and development
policies, especially policies as to military and strategic requirements,
testing and proving procedures, industrisl and university research
projects, relations with other federal research agencies, and exchange
of technical information with the Allies, It is sufficient here to
ouiline some of the other agencies that existed in 1939 within the Air
Corps and the War Department with staff functions that bore on research
and developnent policy. Wright Field and the XMaberiel Division alone
did not control policy. For example, the Field!s representative on the
Kilner Board in May=June 1939 (Maj. A+ J. Lyon) had been the lowest
ranking officer on the Board, Other lar Department policy agencies
were the following listed in general according to echelon:

Secretary of war
A3/% (when contracts were involved)

General Staff
Chief and Deputy Chief of Staff
4C/S, G=4 (withdrawn from chain of command about 1941)
Budget Division (when research budgets were involved)

41r Corps Technical Committee (usually representing 0CAG, GHIAT,
and 1DGS; the Materiel Division supplied the Recorder after
September 1939)

saari
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. Office of the Chief of the Air Corps
Chief of the Air Corps
QCAC Executive
R Plang Section
. Supply Division (concerned more with production than with
) research in July-August 1939)
»
. Ordnance Department and their respective inter-service
" Chemical warfare Service| H"technical comuittees" on military
Signal Corps requirements and military character-
ruartermaster Corps istics, each concerned with a cabegory
Corps of Engineers [ of materiel peculiar to air operations
or common to all the combat amms,

-

hgain, this schematization, while it represents an administrative
pattern that was reasonably carefully observed, is largely a stereotyped
charting of research and development responsibilities. It does not show

such esoteric factors as General Arnold's personal interest in stimulat-

. . ing research, his membership on the NiCi, lhite House influence on national
g preparedness, congressional pressures on behalf of ideas or inventions
‘S‘: of constituents, military attach; and other observer missions abroad,

“ special boards like the Kilner Board, and a host of other impulses, not

all of them capable of segregation and individual analysis but all with
varying infiuence on Air Corps research and development. Nor were these
government agencies operating in vacuo, separate from the experimental
departments of industry and the laboratories of universities, All of

these elements are pertinent to any serious study of research policy.

The Scientific Potential for Air Supremacy, 1939
”~ In wright Field's analysis of the unsolved scientific problems
. confronting the Air Corps in 1939 was a basic, confident premise that
America possessed a technical capacity which could, if properly mobilized,
insure American air supremacy. Its fundamental recommendation was an

. administrative one: "the cooperative participation of the Air Corps,
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the Havy, the ¥.4.C.A., the Bureau of Standards, the aircraft industry,
and the universities." American laboratories, the survey said, "cannot
afford to continue to leisurely nibble at various problems but nust
inmediately undertake , o . aggressive research programs of wide scope
but primarily devoted to the task of insuring our military supremacy. n90
Wiright Field!s confidence in Americals aeronautical ability was
matched by a widespread publie confidence in imerica®s general scientific
prowess, For two decedes of peace, science had been popularly regarded
as an open sessme Lo prosperit.y and profit., This attitude had becoume
an easy confidence, almost a worship of science, For example, advertis-
ing of newly developed commercial products in popular magszines fre=-
quently pictured, in full color, the sterectyped laboratory of test
tubes, Bunsen burners, snd bespectacled and bewhiskered men in white j
vniforms peering into the unknown. This was a national attitude common
in business, industry, and advertising, and an attituds different, for
exanple, from that of the British, who were more reticent if not
apologetie in their publicizing of commercial products born of seientific
91

researche In both countries, however, neither commercial nor academic

opinion on peacetime science was normally carried over to an enthusiasm
or appreciation for war-related research, or even for government-sponsored
research in general, In the years leading up to 1939, even the spokesmen

of science, when they expressed themselves at all on war, usually deplored

90. ESR Hdo. 50-461-351, 18 Aur, 1939, "Future Aeronautical Research
and Developmental Problems," prepared by E. kotcher, Technical
Staff, in K&S file on "F.Y¥, 1941 R&D Program.”

91. See Bernal, The Social Function of 3cience,

Lo
A
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the stories that the laboratory was being Vprostituted" to war and that
science would make war even more "horrible," and Nazl Germany was usually
cited as the worst example of the use of science for anti-soeial goals.92
Symptomatic of this confidence in peacetime science, coupled with
an apathy if not hostility to war research, was the survey of Americal's
scientific resources in 1937-1940 bfthe Hational Hesources lommittee,
Its directives in 1937 and 1938 and its recommendations in 1938 and
l?hQ:jggggléll Stated in terms of national prosperity, national welfare,
and the improvenent of standards of living, all without specific reference
to the war poteatlal existing in Americals laboratcries.93 Seientists
had, of course, come a loag way even to support social objectives such
as the "national welfarse,” If they were shortsighted in 1939 about the
importance of science in war, they probably merely reflected a common
complacency in Axmerica and the other democratic nations, or the comzon
political tactic that "war" and "defense" were subjects too indelicate
to be mentioned to Americans,
A vast scientific potential did exist in America in 1939, regardless

of whetiier it was useful for humanitarian purposes, for greater profit

in business and industry, or for better weapons of war. America on the

92. Secience llews Letter, 1939, passim; Bernal, The Social Function of
Science.

93. National Resources Committee, Research-~i Hational fesource: I,
helation of the Federal Covernment to Kesearch (19385 II. Industrial
Resesrch fi9+l). The secoad volume was published by the e National
Resources Planning Board, succegsor to the Resources Comuittee. In
fairness to the conmittee, it should be noted that significant
studies on phases of national defense research were actually in-
cluded in both reports. In Lpril 194 the ilational Resources Plan-
ning Board, endorsing Volume II, added what sounds like an after-
thought, that industrial research has "great importance in relation
to both the present defense effort and zlsc to developments in the
postdefense period" {p. iii).
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. eve of the Zuropean war was spending over ocne half of 1 per cent of its

tobal national income in industrial, university, and government labora-

- tories, a proportion greater than that of Great Britain or Germany and
t exceeded elsewhers in the world only by the Soviet Union.% Within

tmericals economic framework, the annual expenditures for research in

the physical and natural sclences were estimated somewhat as follows:95

Federal laboratories and agencies w120,000,000
- Industrial lzboratories 100,000,000
University and college laboratories 51,000,000
Zadowed foundations 3,000,000

Furthermore, it was estimated that of these research expenditures,

25 per cent was being expended by these groups for work of potential
military value even in the peaceful year 193‘3.96 The scientific potential
S . for war existing in 1939 in these institubions--governmental, industrial,
and academic--will be estimated below, together with an appraisal of the

extent to which the Air Corps could and did utilize these national

resources for improving its wespons for war,

94, SUstimates by Bernal, British physicist, in The Social Function of
Science, ppe Hh~-65.
95, Hational resources Committes, Relation of the Federal Government
to Research, pps 3, 177, 180. These figures, geaerally as of
1937, should be further qualified in that a given sum may sometimes
be represented under more than one heading, e.g., Air Corps funds
transferred by contract to a manufacturer for an aircraft designe
The estimate for endowed foundations is a rough annual average
based on total estimated foundation expenditures (455,000,000}
¥ for the years 1918-1937. ’
96, E. V. Hollis, Philanthropic Foundations and Higher Lducation (1938),
. pp. 293-94, cuotes this guess, applicable voth to the United States
. and Great Britain: 25 per cent, military research; 50 per cent,
industrial and related Mpure" physies and chemistry; and 25 per cent,
"ggriculture and its supporting sciences." These categories are,
however, hardly mutually exclusive,
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. Government Resources for Research by 1939

By 1939 federal agencies were exercising perhaps a greater influence
- and importance in the field of aeronautical science than in any other
. area of science. Far from taking second place either to industry=-
sponsored or to academically inspired research, the work of government
laboratories and the existence of government controls were the primary

7 the

impulse for the advancement of the art in the United States.
federal government had a "paramount interest" in aeronautics stemming
from the following three elements: (1) the Civil Aeronautics Authority
and its predecessor agencies in the Commerce Depariment, which, as the
rerulatory body for civil aviation, controlled air worthiness require-
npents of commercial planes (that is, landing and take~off performance,
. airplane controls, and stability) by means of technical inspection and
e licenses; (2) the Air Corps itself {described earlier) and the Navy's
. Bureau of Aeronautics, bobh of which, as purchasers of airplanes
#specially during the formative years of the aircraft industry, had "set
the trend of design by their specifications to bidders," reflecting
requiremeats which normally were "set somewhat ahead of the existing
state of the art, . « . based on the tactical needs of the services";
and (3) the llational Advisory Corrittee for Aeronauties and its lsbora-
tories and faeilities, through which the government provided basie,
indispensable seientific knowledge on aeronautical problems comnon to
cormercial and nmilitery airplanes, in effect a substantial subsidy for

e basic aercnautical research, whether for peacetime or wartime use,

97, Views of Jerome C. Humsaker, !5.I.T., and & member of the NACA,
in his nation-wide appraisal of aeronautical research resources,
. 1940, in National Resources Planning Board, . . o 1I, Industrial
Resecarch, ppe 127-43.
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98
The HACA has been broadly publicized,
99

at least as well publicized

as Lright Field,”” and its scientific resources were such common knowl-
edge in the Air Corps in 1939 that virtually all Air Corps directives

% and correspondence on research policy menticned NACA in the same "breath!
with \Wright Field, The NACA's main sphere of activity——"scientific

research on the fundamental problems of flight'—estermed from its

00 R
original congressional mandate in 1915.1 Its aetivities had never

been merely “advigory," as its name implied, aad by 1939 it had had

& long history of actual research activities on many problems of aero-

dynamics, structures, propulsion, and materials.ml

The Committee conducts scientific laboratory and free-
flight research in the broad field of aeredynamic structures,
and publlishes resulis of value to designers affecting wing

1. . profiles and body forms, stability, and contrel, propellers,
and methods for predieting airplane performance. It conducts
- theoretical and experimental research and, in general, seeks
. facts and principles where knowledge is lacking. This includes

matters of structural strength, the combustion process and

- cooling of engines, and answers to many [ other] fundamental
guesticns arising from the use of airplanes.
In 1939, NACA appropriations for research, laboratory construction

at Langley Field, and other activities totaled $4,063,980, of which

98« For example, see survey by Hunsaker, in ibid., pp. 134-36; HAGA
Annual Reports, 1916 to date; confidential minutes of NACA
Ixecutive Committee, disseminated to the AAF and elsewhere; and
NACA references in Hew York Times Index, Industrial irts Index,
and other indexes to popular and technical publications,
~ 99. The NACA apparently is subsidizing the preparation of an official
- history by George W. Gray, to be released to the general public;
Wright Field's history is primarily for administrative reference
. use,
. 100. Raval Appropriation set of 3 Iarch 1915, 38 3tat. 930, For
amendments and related legislaticn, see 50 U, 5, Code 151, 152,
153,
10l. Survey by J. C. Hunsaker, in Hational Kesources Flanning Board,
« - » II. [Industrial Lesearch, p. 136.
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02
1,708,430 had beea obligated during the fiscal year. These suns

103

Expenditures of the NACA, 1919-1939

Piscal Total Pay Rell and Other Facilities
YTear Zxpendibures Personal Services and Equipment
1919 ¢ 204,381 o 65,657 % 83,447
1920 174,296 88,359 17,879
1921 159,959 100,836 17,619
1922 193,859 101,696 15,228
1923 209,591 95,532 43,784
1924 269,593 185,008 25,991
1925 437,510 270,191 96,313
1926 516,709 302,648 127,596
1927 491,920 341,574 62,763
1928 529,14, 387,312 51,493
1929 611,633 448,771 57,589
1930 1,477,584 532,265 832,879
1931 1,173,014 617,731 425,842
1932 959,518 670,858 157,018
1933 827,186 600,043 99,428
1934 690,240 58L,8L6 28,264,
1935 47,827 616,208 33,914
1936 1,157,746 775,114 177,751
1937 2,337,638 928,337 1,200,252
1938 1,912,868 987,571 660,636
1939 1,708,430 1,065,812 398,266

In facilities, the IILCA in 1939 had a modest staff of 575 engineers,

1
technical assistants, and other employees, G most of whom were located

at its Langley llemorial Aeronautical Laboratory, on a site at Langley

102,

103,

© 10k,

Regular 1939 appropriation (23 May 1938), #1,700,000, plus
Supplemental (2 Lay 1939), 72,363,920, totaled wh,063,980. The
large unexpended balance was carried over to the next year (with
congressional approval), chiefly for consbruction of additional
facilities at Langley Field. (WACA, Annual Leport, 1939, pe 46.)
Based on NACA, Annual Eeports (1919—19395. Total expenditures
inelude not only personal services, facilities, and equipment,

but alsc costs of supplies, travel, commonications, etc, Priating
and binding are usually covered in a separate series of appropria-
tions, excluded from the above. No ready-made tabulation such

as this was available at NACA.

Fifty-four of them were in lashington., Figures from MACA Personnel
Office,
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Field given to the WACA in Vorld far I by the war Department.los Its

buildings and equipment, which were more impressive, included the

) following:mé

8-foot, 500-mph wind tunnel for testing scale models

60 x 30-foot wind tunnel for testing full-scale models

20-foot propellervwresearch tunnel

5-foot. variable-density wind tunnel

T x 10=foot wind tunnel

L x 6-foot vertical wind tunnel

l5-foot free-spinning wind tunnel

2 high-velocity jet-type wind tunnels with throat
diameters of 1l and 24 inches, respectively

19-foot pressure wind tunnel

7 1/2 x 3~-foot refrigerated wind tunnel

* 12-foot free=flight wind tumnsl

2,900=foot tank .

Engine research lzboratory

Flight research laboratory

Instrument laberatory

Shops and administrative buildings

In addition, undergoing construction were a structures research labora-
tory, a twowdimensional flow wind tunnel, a stability wind tunnel,

. a lb-foot high-speed wind tunnel, and a 20-foot free-spinning wind
tunnel, At the same time, at the other end of the country a second
research station (the fmes Aeronautical Laboratory)lo? wag shout to be
built at MNoffett Field, Suonyvale, Calif,, after a legislative history

of almost a year including the original formal proposal by the HACA in

105, The N.CA, when it was given the space in 1916, was expected to

. occupy only a small portion of lLangley Field, where the Army
» and Havy had planned to concentrate all their experimental work
in aeronautics. Soon, however, the llavy moved to the other side
. of Chesapeake Bay, while the Army moved to MeCook Field in 1917,
» NACA, fnnual keport (1919}, p. 13.

106, NAiCA, innual Report (1939), p. 3%.
107. Named in honor of Dr. Josepk S. Ames, who retired from the chair-
manship of NACA in Cctober 1939, (Ibide, ppe 3=ke)
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December 1938, %%

the blessing of the \hite House in February 1939, and
a six-month struggle in Congress leading to the act of 9 August 1939.109
with this new laboratory, the NACA was to be able to double its capacity
for research.

Although appropriations were apparently no more easily obtained by
the H4Ch than by the Air Corps before 1940, the work of the NACA was
thoroughly, almost unanimously understood and appreciated by industry
and the services alike, The Baker Board in 1934 had found the NACA
"an outstanding institution" in its "piloneering work in aviation
research";llo the Howell Commission the next year credited the NACA with
the recent "spectacular performance" of transports, and recalled that
there had been "no better investment" since 1918 in the national interest
than the subsidies to the HACA;lll and the National Hesources Committee
in 1938 'nobed its "unigque" function, guite "beyond the resources of any
but a governmental institution," and its "high efficiency and inter-
national prastige,” as shown in the fact that 1ACA equipment "has been,
or is now being, duplicated in the great research laboratories of

foreign na.*:.iorus.“112

102, Laj. Gen. Oscar Westover, Chief of the iir Corps, on 19 fugust
1938 had recommended to the NACA that a second laboratory be built
somewhere in the interior or on the iest Coast, to relieve "the
congested bottle neck of Langley Field," For details on the
selection of the site, see ibid., rr. 38-39%

109, Congressional activities that led to this act included, first,

opposition and rejection of the proposal by committees of both
Houses and, later, delays due to "pork-barrel measures" in behalf
of other locations for the laboratory. 5See AAF Historiecal Studies:
No, 22, Legislation Iertaining to the AAT Materiel Program, 1939
194k, pp. 106-14,

110. Baker Board, Report, p. 18.

111, Report of the Howell Commission, p. 227,

112, Mational Hesources Committee, Relation of the Federal Government
to Research, pPe 28-29.

o
A
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The iir Corps in 1939, as aiwayf;, regarded the NACA as its chief
resource for basic aeronautical research. Legally the NACA existed
for common use by all agencies--public and private--that wished to
thire® its "community services," so to speak, of wind tunnels and other
facilities, This theory was modified in actual practice, in that the
Lir Corps and the Navy Bureau of Aeronauticse~rather than either the
university or industry members of the Connnitteem-—tended to exercise
control by 1939. Both the services were, of course, represented on
the main committee, the execubtive committee, and the various technical
subcommittees; and in June 1939 this control was reinforced by the
Wnite House, which placed the ACA's research priorities and other
policies under the arbitration of the joint Army-Navy Aeronautical Board.

In addition to the NACA and the Air Corps! own laboratories ab
Wright Field, there was a wide varieby of experimental stations among
the other federal agencies. .hile they were largely devoted to peace
time problems in 1939, nevertheless in total war they were convertible
%o research in the interest of national preparedness and defense,

Their existence, their facilities, and their potential values were
common knowledge among the many procurement agencies of the government.

For example, there existed a comprehensive Directory of Inspection

Services and Testing Laboratories of the Federal Govemment, compiled

113. Howell Commission (in its Heport, p. 225) said in 1935 that the
government and the "consuliing engineers and professors" dominated
the HAGL, and asked for greater industry representation, Sometime
after 1939, the Fortune magazine (April 1942) stated that the NACA
had been "dowinated by the front office" of the aircraft industry.
The Army and the Navy, however, seemed to be in control, especially
after the white House order of June 1939,

PR T e
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a few years earlier (1935) %y the Ireasury Department!s Procurement
Division and the National Bureau of Standards. Taken together, govern-
ment laboratories were expending about 125 milliocns a year by 1939,

more than the expenditures either by industry or the universities.

hmong them, the chief laboratories of interest to the Air Corps were

the National Bureau of Standards, the proving grounds of the Ordnance
Department, and the Signal Corps Aireraft Radlo Laboratory, all of which
were working on 4ir Corps projects in 1939. lost notable was the Eureau
of Standards, which had been helping the Air Corps for years, Hardly an
annual report of McCook or iright fields before 1939 had failed to
acknowledge the Dureau's assistance. Among other things, the Burean

had experimented with instrument landing aids for several years; with

the dilution of sviation lubricants since 1935; with isomeric paraffins
for high-octane fuels since 1938; and, beginning in 1939, with other
problems, including beryllium and protective coatings on magnesium. In
Lpril 1939 the:&;ecretary of Conmerce (Harry L. Hopkins) took the initiative
to seek more projects for the Rureau of Standards from the armed services,
and the Air Corps submitted nine additional projects to the Bureau,
involving tests of stainless steel, aluminun alloys, countersunk rivets,

and cther problems.

Industrial Resources for Hesearch by 1939

The extent of scientific resources exlsting among industrial firms

of fmerica in 1939 was rather comprehensively known. First of aill,

114, Memo for AS/d by C/AC, 17 April 1939, in AAG 400,112, Testsend
ILxperiments.
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several nabtion-wide inventories and sux;ve;ys of industrial research were
available, Among themlls the most comprehensive census was one made by
the Hational Zesearch Council in 1938, continuing a periodical practice
going baek to 1920, It was based on a guestionnaire addressed to in-
dustry, and published as a directory of Industrial Research Laboratories
of the United States.llﬁ This survey gave specific data on the names
and locations of laboratories, the names of the research directors, the
personnel strength of the laboratories, and the fields of sc¢lence rep-
resented in each of the 1,769 laboratories llsted--a ready reference

for research planning officers. The NRC survey was examined statistically
and critically in 193G-1940 by two obther federal agencies, the lork
Projects Administration and a subcommittee of the National Hesources

117

Coamittee,

115, Included in other surveys, besides those discussed below, were the
following. (1) in inventory by the ilational Bureau of Standards,
published in Julyl936 as a Directory of Gommercial Testing and

College Lesearch ']‘.__@mra.tories in Universities and Indusirial
Concerns (B3 publication M, 125). This directory, which covered
miversity research also, had been issued in eariier editions, in
1927 (publication M. 90, Aprii and Dec. 1927) aad 1929 (publication
¥, 90 supplement), and came ocut in a wartime edition in 1942
(publication 1. 171). (2) Survey, for New England only, by the
Engineering Societies of Wew Englend, published by then in 1939
as the Directory of .ew Ingland Eesearch and Lingineering Facilities.

116, Published as sational nesearch Council puilebin No. 102 (1938).

This publication was actually the sixth edition of a survey originally
published by the “RC in 1920, See cditions 1-5 inclusive, published
as NRC Bulletins Mo. 2 (1920), I6 (1921), 60 (1927), 8L (1931), and
91 (1933), which give a comprehensive picture of the status and
growbh of commercially sponsored research between Vorld war I and
Forld War II., A later (seventh) edition was also published as NRC
Bullebin Nos 104 {Decs 1940},

117, These evaluations were published in: George Perazich and Philip L.
Field, Industrial Research gnd Changing Technology (.ork Projects
Administration, National hesearch Froject Heport No, -k, Jan. 1950)3
and Franklin S, Cooper, "Location and Extent of Industrial Research
Activity in the United States,” in National Resources Planning
Board (successor to National Resources Committee), Researche—i
Lational Hesource: II, Industrial Hesearch (1941), ppe 173-87,

II .u.h!
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. hmong the trends in 1939 shown by these surveys were the growth

of research laboratories aa a phase of industriasl expansion. Over

5 1,750 corporations in 1938 had research facilities collectively totaling
2 2,237 laboratories and 44,292 research personnel. This compared

favorably with England!s 435 or more 1aboratories,u8 and represented
a tenfold expansion since .world .ar I somewhat as is shown in the table
on the following psge. Scientific research, primarily for the improve-
ment of cormercial products, was solidly established; and while some
retrenchment had occurred in the depression years in the early 1930's,
the business attitude toward research was more aggressive than in

England, where industrial research was regarded by & British critic

. as "a somewhat ornamental extra to be indulged in when the firm is doing
i . well and ruthlessly cut in bad 'l:.:i.me:s.“ll9 In terms of expenditures,
s frerican industry was spending about $100,000,000 a year, compared to

“ only k2,000,000 by British industry.lao In categories of scientific

specialists employed, trends were apparent from 1920 to 1938 as shown
in the table on page 72.

Industrial research in America, like produetion and distribution,
was concenbrated in large firms, Half of the research persommel in

industry in 1938 was employed in the following 45 large companies, where

- 118, TFEstimate by Bernal in The Social Function of Science, pp. 107-08.
= In another place (p. 56) his estimate is 300 to 600 laboratories.

Bernal complained that only 80 of the 435 answered the guestion-
. naire for Lngland's own directory of Industrial Eesearch Labora-
L tories, pubiished about 1938, and 12 declined to give their
personnel strength,
119. Bernal, The 3ocial Function of Science, p. 60.
120, Ibid., pe 55
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. Growth of Industrial Laboratories and Research Personnel
in the United States, 1920-1940%
Year Number Number Humber Total Percentage of
of of of research personnel
companies coupanles, labora~ personne
reporbing™ tories reported Fall- Part--
time time
1920 297 265 367 7,367
1921 526 462 95350 7346 26ely
1927 999 926 1,147 18,982 Theb 255
1931 1,620 1,520 1,928 32,830 87.9 12,1
1933 1,562 1,462 1,854 27,567 89.7 10.3
P 1938 1,769 1,722 2,237 L ,R928 97k 246
1950 2,264 2,350% 3,480% 70,033%

a, Based, except for data for 1940, on Perazich and Field, Industrial
Research and Chanping Technology, (parts of Tables &-1, A-2, and A-i),
PP 63"‘65.

b, This excludes a small fraction of companies which, when originally
surveyed by the National Research Council, 1920-1938, did not choose
to report the size of their staffs, or reported in such fashion that
the data could not be used. (Ibide, pe 57.)

c. Hational Hesearch Council, Indusirial Research Laboratories of tihe
United Stabes, Including Consulting Research Laboratories (7th ed.),
p. ii. This figure is not exactly comparable with figures used by
Cooper in the next columns,

d. Cooper, "Location and Ixtent of Industrial Research Activity in the
United States," in lational Pesources Plamning Board, . . . Ile
Industrial pesearch, pp. 173, 176.

e. Another estimate, by william i, Hamor of the iellon Institute, was
25,000 in 1937. Bee Netional Resources Comnittee, I. Helebtion of
the Federal Government to Research, pe 8.
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Cecupational Distribution of Industrial Research

Fersonnel, 1921-1 g2
. Over-zll sample of t‘.!ompan:‘uas-":l
Occupation ‘ 1921 1927 ! 1931 | 1933 } 1938
Number of companies sampled 216 561 1,132 . 1,132 1,224
Number of research workers 2,358 6,766 15,057 13,080 19,797

Per cent of research workers 100,0 100,0 100,0 100,0 100,0

Director 748 542 546 6e3 hel
Engineer 16.5 15.9 21.3 20.1 2342
Chemist 33.3 27.2 25.8 273 2845
Physicist 1.3 243 el 1«5 3e5
Hetallurgist 1.1 1.2 2.2 2¢3 343
Other professional workers 14.1 10,9 Gols 10.2 845
Laboratory assistant 19.6 26.0 18.4 17.7 16.9
Al1l others 5.7 11.1 1.6 13.8 11,4
Unspecified 0.6 0.2 0.6 0.8 0.6

2. Based on tabulations published in Perazich and Field, Industrial
Regearch and Changing vechnology, pe 78, Table A-1%.

b. Kepresentative sample varying between 60 and 70 per cent of total
companies reporting. xactly how many or what percentage of the
sampled companies were in the aeronautical and allied industries
is not indicated in any of' the related discussions in ibid,

wh EE L b B ——
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the research staffs ranged in size from 172 to 4,000:

Aluminum Co. of JAmerica
American Can Co,
American Cyananmid Co,
Atlantic Refining Co.
Bakelite Corp.
Bell Telephone Laboratories, Inc.
Chrysler Corp.
Consolidated Edison Co. of
liew York, Inc.
Crucible Steel Co. of America
Dow Chemical. Co,
(Ee I.) du Poni de Nemours & Co.,
Inc.
Eastman HKodak Co.
Electric Auto~Lite Co,
Firestone Tire and Rubber Co,
Ford Motor Co,
CGencral Electric Co,
General lotors Research Corp.
General Motors Truek & Coach Co.
Goodrich (B. Fa) Co.
Goodyear Tire & Rubber Co., Inc.
Gulf Hesearch & Development Corp.
Hercules Powder Co.
Hudson Motor Car Co.
Humble Cil & Refining Co.

S B

73
121

International Harvester Co.
Linde Air Products Co.
Fonsanto Chemical Co.
Pennsylvania Railroad Co.
Philco Rzdio & Television Corps
Pittsburgh Plate Glass Co.
RCA Manufacturing Co., ince
Eepublic Steel Corpe
shell Development Co.
Sinclair Refining Co.
Socony=Vacuun 0il Co., Ince
Standard 011 Coe (Ind.)
Standard 0il Co. of Calif.
Standard O0il Co, of La.
Standard 0il Development Co,
Sun 011 Co.
United Shoe Hachinery Corp,
United States Rubber Products
COo—, Incﬁ
Universal 0il Products Co,
Tiestern Union Telegraph Co.
Westinghouse Electric &
Hanufacturing Co.
Yellow Truck & Coach Manufactur-
ing Co.

The expenditures for these largest firms compared favorably with those
for the largest of goverament laboratories. Thus, Du Pont's expenditures
in 1939 were 7 millions, the "largest single research budget in the
UaS.shs " compared to the Air Corps research budgets of 3.5 millions the
iz .
same year.
As to this concentration of research in large firms, the issue of

large versus small corporations for aeronautical development was apparently

¥

121. Perzgich and Field, Industrial Resesrch and Chenging Technology,
Pe .
122, Science News Letter, 28 Oct. 1939, p. 280, In 1940 the Air Corps
research budget rose sharply, from 3.5 to 10 millions.

et e
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not 2 significant one in the Air Corps in 1939. In 1935, however, the
Federal Aviation (Howell) Commission had favored a few large aircraft
firms rather than many small units as being better for the national
defense, and had rejected the "curious argument . . . that the adequacy
of the nation's military aircraft industry can be gauged by the number
of independent units that it t':c:nt',ea.:'Lm’.."12'3 Cn the other side, there
was the danger, in large corporate structures, that useful inventions
and designs might actually be suppressed. uhether this situation
applied also to the aircraft industry itself is a subject of conjecture.
In any event, in related industries there were cases where new develop-
ments were not being fully utilized, Thus according to revelations in
1937 by the Federal Communicaticns Commission, Alcoa had been hostile to
the competitive development of new aluminum processes; and the Bell
Telephone 3ystem had suppressed or shelved sbout 3,400 unused electronics
and other patents.l%
wWhether or not the Air Corps Materiel Division knew of these par-
ticular national scientific surveys and was using them in 19391940,
in the early months preceding nationel mobilization, it 1ls certain that

the Air Corps was fully cognizant of the extent of industry's potential

123, Howell Commission, Report, pp. 159-60, The Commission included
both the development and production of air materiel in this
recomuendation. In fact, it strongly recommended that a single
firm control both development and production of a given airplane
or item of equipment, and that divided control was "one of the
great menaces to the development of good miiitary aircrafiM
{(pp. 161-62),

12h, Subcommittee [Kilgorel on Technological Hobilization, Senate
Committes on Military Affairs, Hearings . .+ « 8. 2721, Oct.-Dec.
1942, especially pp. 215-16, 285, 380-475; and Bernal, The Social
Funetion of Seience, pp. 143, 152+53.

. e
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both for development and for producion of nw airplanes and aeronautical
equipment. The aircraft and allied industries--rather than hright Field
or the universities or even laCA--were and had been ever since before
world ijar I the Army's basic source for applied research and experimenta-
tion leading uwp to new materiel, Although a few important airplanes
were actually built by the fngineering Uivision at UeCook Field, chiefly
between 1917 and 1922, and while university laboratories had contributed
to & number of the Army's aeronautical developments before 1939, by far
the larcest bulk of the work was done by industry under contract to the
Aipr Corps, in 1939 as in virtually every other year back te the very
origins of the Army's air arm in 1907, Thus, during the fiscal year
beginning 1 July 1939, over 60 per cent of the total iir Corps research
budget-~6 out of 10 millions—was actuzlly being turned over to industry
as payments on contracts for experirental or service~test airplanes,
engines, propellers, and other equipment, This significantly high
percentage was probably typical of the entire history of the ilr Corps.
To appreciate the scope of these subsidies to industry is fundamental
4o any understanding of the research and development policy of the Air
Corps.

Ever since iorld iar I, if not before, it had been a fundamental
policy of the Air Service to regard experimental contracts as a means
of giving supporte-financial and otherwise--to the aeronsutical industries.
For example, in 1919 the industry was in danger of being "sauffed out”
by cancellations of war contracts and the return to a peacetime ecconomy,

during the "infancy" stage and before the existence of an air transport
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. industry or other SignifitEnt @ i G LTV RS on which aeronautical

manufacture could thrive. The Air Corps, the Navy Bureau of Aeronautics,
. and their representative on the NACA all saw elearly and spoke frequently

. on the fundamental interrelationship between full government support and

the growth of an industry which possessed such an enormous potentisl for

national defense. The NACA had spoken warnly in behalf of govermment

support in 1919,125 and regnlarly thereafter. In 1923, the Chief of the

Alr Service had warned of the dunger to nabional preparedness of an

insuffit;ient research budget: "The aeronautical industry in the United

States, built up to large proportions during the wer, has shrunken

rapidly and is now facing extinction. Until commercial aerial trans-

) portation becomes a fact, the only demand for such equipment originates
. with the military branches of the Government.’;lzé

. Zven after the subsequent growth of commercial transport aviation,

. the Alr Corps refused to zccept air commerce as enough insurance for an
acronsutical industry adequate for research and production, and the
correspondence, the testimony before Consress, and the speeches and
writings of Air Corps officers are abundant with pleas in behalf of
fuller military and government support to aviation. In the early 1330's,
as Furopean crises increasingly threatened the peace of the world, the
4ir Corps developed another and different tactic on the same problem:
to encourage exports of standard irmy sirplane models by the manufacturer
in order to keep the industry alive and at the same time to substitute

- orders for improved models of the same or other airplanes for actual

125, MACA, Annual Report (1919), pe 40.
. 126, Memo for Yaj, Pettis, Office of AS/\, by Chief of Air Service,
28 Feb. 1923, in AAG 475,73, heronaubical Ejuipment.
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. delivery to the Air Corps. All of this pressure, pleading, and urging
was directedprinarily toward the encouragement of industry research and

' design which were of value to the Air Corps.
* \hen war broke out in urope in 1939, the Alr Corps in its dealings
with industry was on very firm ground, with a strong nucleus of aircraft
and allied industries alerted for coping with the developing international
situstion. Of the 125 or more aircraft, engine, and other aeronautical
panufacturers in 1939, the following 34 had substantial experimental

design depariments and l5\bom:bor:‘.»as:12

hirplanes

Surtiss-.right, Buffalo, N, Y. (staff of 5)
lorth American Aviation, Inc., Inglewood, Calif. (6)
Stearman Aiveraft Co., iiehita, Kanse (3)
. United Aircraft Corp., Sast Hartford and Bridgeport, Conn, (17)
Vultee Aircraft Division of Jviation Manufacturing Corp.,
: Downey Field, Calife (5)

Lnoines
Continental l'otors Corp., Detroit, Yieh. {staff of 16)
Lycoming lanufzcturing Go., Williamsport, Pa. (6)
Pratt & .hitney Co., Hartford, Conn. (8)

Accegsories

sircraft Radlo Corpe, Boonton, He J. (staff of 12)

Aluminum Co. of America, Fittsburgh, Pa. (202)

Anerican Telephone & Telegraph Co,, Ine., . Yo (gtaff 7)

Bendix Products Division of Eeadix hviation Corp., South Bend,
Tade (172)

Berry Brothers, Inc., Detroit, Mich. (16)

Champion Sperk Plug Co., Toledo, Ohio (29)

Dow Chemical Co., idland, Mich. (13)

Zclipse Aviation Corp., Bendix, M. J. (18)

Fafnir Bearing Co,, llew Britain, Conn. (15)

Fairchild Aerial Canera Corp., Jamaica, M. Y. (36)

127. Data in aireraft Year Book (1939), ppe 282-463, compared with
Industrial Hegearch Laboratveries of the United States (1938) .

By . o .t T
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. Firestone Tire & Hubber Co., Akron, Ohio, (staff ?)
General Electrie Co., Schenectady, H. Y. (306)
Goodrich Co., Be Fu, Akron, Ohico  (staff ?7)

g Leece Heville Co., Cleveland, Chio (12)

. Hormu-Hoffrzan Bearings Corp., Stamford, Conn. (7)

! R.C.he Manufacturing Co., Inc., Camden, N, J. (469)
. Shell Petroleum Corp., St. Louis, Mo. (782)

3incleir Refining Co., N. Y. (125)

SIF Industries Inc., Philadelphia, Pa. (11)

Socony-Vacuun 0il Co., Inc., H. Y. (staff?)

Sperry Gyroscope Co., Inc., Brooklyn, e Ye (25)

Standard 0il Companies of H. Je (10), Pa, {staff?), and La, (53)
Thompson Products Inc., Cleveland, Ohio (1)

" alter Kidde & Co., N. Y. {5 or more)

western Electrie Co., N. Y. (staff ?)

«ileox-Rich Division of Eaton Manufacturing Co., Detroit, Mich. (6)

This list excluded some of the most prominent Air Corps contractors, who
for one reason or another did not report their design or experimental
staffs: Boeing, Consolidated, Douglas, Lockheed, and tartin, for air-
¥ . planes; Allison and .right, for engines; Curtiss and Hamilton Standard,
. for propellers; Kollsman and Pioneer, for instruments. Furthermore,
the total research staffs of the aeronautical industries, reported at
only 1,500, was a considerable understatement because, for aircraft
firms, it excluded most of the aireraft design staffs and chiefly in=-
cluded only the wind tunnel technicians and test experts. These
statisties represented, however, a considerable growth over the years
of peace since 1918, a fivefoi!.d growth from the 30 or more firms with
research and design departments that existed at the c¢lose of lorld iar

1,128

. In addition to direct applied research on airplanes and aercnautical
aluo
equipment , the Air Corps/had an appreciation of industry!s resources

128, Research Lahoratories in Industrial Zstablishments of the United
States » » « (National .esearch Council, BEulletin No. 2, Harch
. 19205 and Aireraft Year Book (1920).
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for basic research. Aside from the field of zeronautics, where the
government-controlled NACA was supreme, basic research was a not un-
common enterprise of some of the larger corporations. The Air Corps
pointed out that of these firms, the work of Alcoa, General EBlectric,
and Zastman was best known and appreciated. Their research findings,
the Air Corps stated in 1940, "quite often compare favorably with those
obtained by the Governmental azencies working on pure research''; and
while specific evaluation was difficult because of irade secrets, the
Air Corps favored "the maintaining of old and the birth of new commercial
research and development organizations of this ’t:.ype.“lz9 .

Lir Corps contracts had been the method for stimulating aeronautical
experimentation by industry and for keeping industry in condition for a
national emergency, Contracts for military planes rather than subsidies
{0 commercial air transportation were regarded as of greatest importance
for the research program. Xore specifically, the easy gssumption that
commercial transports were quickly "convertible" to combat use had been
perennially denounced by the Air Corps. The Drum Board in 1933 and the
Federal Aviation (Howell) Commission in 1935 had agreed with the iir
Corps. Yet all three agreed that some cemmercial models might be useful
for the irmy's lesser air missions of transport and observation.

Design competitions smong aircrafi manufacturers were the procedural

basis, under the Air Corps act of 1926, for arriving at developmental

contracts between the industry and the &ir Corps, and the traditional

129, Xemo for Inapector General by C/AC (written Wy Maj. Z. M. Fowers),
18 Aprdl 1940, in AAG 400,112, Test, Development Jorke
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. policy had been to permit the contractor to amortize the cost of exper-

imental consbruction with income from future quantity-production orders.

. Eoth parties had been critical of this "competitive bidding" procedure.
. Industry cccasionally objected to the unduly heavy risk in undertaking

large projects, such as a bomber or pursuit design which might utterly

fail in the evaluation; and the Aiir Corps realized that the high cost
of experinental aiveraft, if amortized, would adversely affect the
purchase of future production oguantities by raising production prices,
If not amortized, the cost might be an inflabed one, in effect, in those
cases where o given model might also later be amortized by quantity
sales to other customers, such as the airlines, the ¥avy, or the export
market.lso Industry and Air Corps objections were echoed by the Daker
Board in 1933 and the Howell Commission in 1935, both of whom favored
- flexible contract procedures, purchase by negotiation, and a system of
fixed prices, bonuses, and penalties. In November 1938 the Alr Corps
asked Congress for authority to negotiate experimentel contracts as an

alternative to competitive l:a;‘.t:lding,:'['3 1

and while the 'hite House expansion
program of January 1939 was before Congress, General Arnold recommended
a "pay as you go" policy without amortization, Meanwhile, the manu-

facturers who "all know that we have a greatly increased estimate for

. 130, Examples of competition failures and underestimates suffered by

- the contractors (llartin and Seversky), and of overestimates
suffered by the Air Corps (Curtiss P-6 and A-12, Lartia B-10)
are described in memo for C/iC by Chief, 1D (written by Maj. B.

- E. Meyers), 2L Larch 1939, in AAG 334.8, sCTC, bulk files,
- 131, lemo for AS/W by C/AC, 8 Nov, 1938, in A. J. Lyon project record

book o, 1, guoted in Legislation Relating to the AAF lateriel
Program, 1939-1944, p. 82.

. A s
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errarininlal recearch Mands Li. 8., 10 wdllions?," wure peccodar Glasral

Fy

132 . . .

aenold b earry cubt o more flexible poliey, Sde Ba e layers,
Sadpet Offiecr at  pl bt Jisld, surveyine the cibpobion hicbordecdlr,
reconnended - nore Tortheistit Tinoneldd policr in oxder to 2obilizs
the exparimental regources of the oirerefU induckry:  Industr, exisks
for profit o + » [20d7 431 lepend o exnspicentotion oaly sdiere o
povonbial srofit cxiste. Indusbry ro it cxists boduy cianot [he
czrected tol derlete coardbrd throveh exrerimuob-bicn Ln the intercst of
anbionl m«:i‘ensc.“B 3 Loth cereanulical Lircs were actually neking
subsbonbiol profits on consracty frr the Jir Corye,  fhese amounted
Ln ubout 12,55 por ceat on All Lir dovpn contraets in 1939: 10,86 per
cent on airplines, %.17 por cznb on aeavinos, wnd 24,21 per ceat on

134

other nir oaulr ente Lut richt vicld vas concernszd thet unprew
dicbable and cxeeosive developrenb coste oirht uicle ) sore elerents of
the industry, including ab leact two of the airpline Firms, sone of the

enrins firme (bobh wzull and larpe) ,3'3 2 136

cnd bhe propeller coonanies,
Fhe repedy luy in nepotiated contracts and orderl. bud-et planning.

Tre ot of 3 Arril 1939 per-.itted coxe lindbed yieibility in the

132, so for Gnicf, LD by S/:C, 1 Uzreh 1939, in LG 400,112, Tests
tnd Dxpnrisents (filed under 22 larch 19%9).

133, lexo for /.0 bv Chief, 1D (smwitten by L2j. 3. O. leyers),

21 lareh 1939, in 4aG 334.%, L0U0, bulk files.

134 Lecsislatien Nelakins £o the 00 abterdiel Frosoram, 1939-1944,
P "350

135, Lemo for C/.C by Chief, 1D (by Utje Bs ' leyors), 21 Yarch
1939, ia LG 32448, J0I0, bulk files,

136, ldlitarp-finoneed propellor resecrch vas essenbial. Decouse of
the ®*licited ~srlet o o« o fro. the stondooiab of money valve,
arivabe industry commot be eroccted to do the moount of highly
ergorizental research thit the situvation derxands," (Hemo,

10 lay 1939, p. 11, in V%5 file on [&dD Frogrom, D.T, 1941.)
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. purchasw of experimental models that had failed in design competitions,
and 2n act of 13 July 1939 permitted some negotiabed purchasing without
._ adverbising, bub only when secrecy was :':.mr-alved..137 Further legislation
. of 5 larch and 2 July 1940 extended the authority to negotiate, and after

smerica officially entered the war in December 1941, ALF negotiation
authority was finally made complete, except for subsequent modifications
affecting re-negotiation and profit control, a separate problem outside
) the scope of this fn;ud:,n.ls8
University Resources for Research by 1939
'University facilities in applied research were of course vastly

smaller than industry's, because of the basic character of the national
. economy, in which research was an important tool of industry for the

. development of commodities for sale in the competitive market. Fost
of the university laboratories were devoted to fundamental phases of
the physical sciences, and their projects were sponsored by various
sources--industry, government, foundations, or the university itself.
No detailed survey of the scientific potential. in universities was
available in 1939, but a few partial inventories did exist: The Bureau
of Standards in 1936 had published a brief Directory listing the broad
fields of university research; one of the educational directories gave
a few facts on the physical plant of universities as of 1938; and the

Mational Hesources Committee in 1939 surveyed general trends of university

137. 53 Stab,. 560, 1000,

138, For the legislative history of Air Corps negotiated contracts
procedure in 1939-1940, see Legislation Relating to the ALF
¥ateriel Frogram, 1939~1944, especially pps, 82-98, 101, 152.
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tion on universities: that the trained seientific personnel of univer-
sities totaled 9,100; that research expenditures per year totaled
451,000,000, in some cases constituting 25 per cent of a university's
total income; and that the achievements of American universities in

pure science had not been so "remarksble" as those of Purope. The
survey, however, was not detailed, Only 60 of 200 institutions had
replied to the Committee's questiomnaire; scientific apparatus and

plant facilities were not covered; and the potential for national defense
vas barely mentioned. Furthermore, none of these surveys was specifie
enough—as to facilities, subjects of research, or manpower--for

administrative use in the plamning of a military research program

vastly more limited than the facilities of either industry or government,
and so it is not surprising thst the Air:Gorps relied little on direct
contracts with them, Jhile 60 per cent of the entire Air Corps research
budget in 1939 was seeping down among the acronaubical industry!s
experimental departments and design staffs, only one-seventh of cne per
cent ({15,000) was being disbursed to universities, and that on 2 single
university contract, a project on fog dissipation, at the Massachusetts

0
Institute of Technology.m Indirectly, however, the Air Corps had

In the field of aeronautics, university research facilities were
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research.139 The latter survey revealed some important general informa-

139.

140,

sCorps' only university project in 1937, (itemo for G-4 by G/AC,

National Bureau of Standards, Sirectory of Commereial Testing and
Gollege Research Laboratories in Universities (NBS publication
1025, July 1936); C. 5. Marsh, ed., Zmerican Colleges and Univer-
sities (1938); and Raymond Y, Hughes, "Research in American
Universities and Colleges," in National Resources Committee, hHe-
lation of the Federal Government to Kesearch (1939), pp. 163-93.
Tabulation, F.Y. 1940-1944 inclusive, in L&S NALEF Hesearch and
pevelopment Frogram" [about April 19441, in 1RS file 700.430,
Kilgore Committee. This single project had likewise been the Air

0 Dee, 1937, in AAG 400,112, Tests and Experimentss)
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several university projects under way in 1939, notably a small rocket
and a jet propulsion project at the California Institute of Technology,
sponsored by the National Academy of Sclences (NAS) ,ll’l in addition to
various NiCA-university conbtracts which had existed since 1935 and were
costing sbout (125,000 anmually, ' )
It was apparently an assumption in 1939 that the Air Corps, if it
utilized university research at all, would normally contract for it
through the NACL and the N&3 rather than directly. Ieither the Baker
Board in 1933 nor the Howell Commission in 1935 included references to
the 4ir Corps in their recommendaticns on university research on
aeronautics, an especially sigmificant omission because & university
administrator sat on each of the boards, Similarly, both the Hilner
Board and the NACA research suteormittee in 1939 implied that university
research for the Air Corps would be handled indirectly through the FHACA.

Tet the Materiel Division did have at least one direct contract with a

university in 1939, and the Alr Corps frequently expressed its theory

* of research management as being one of "direct collaboration" with the

scientist--whether academic, industrial, or bureaucratic. Furthermore,

wright Field by 1939 was regularly sending a few of its oubtstanding

141, Other [IAS "basic research" projects, presumably to be placed with
universities, were covered in an AC-NAS contract (W535-a¢11707)
in June 1939: de-icing of antenna masts; true plastic; reduction
of reflection from glass and plastic surfaces; and use of artificial
radio-active compounds in luminous materials. See lst ind. (basic
unknown), CCAC to LD, 9 June 1939, in AAG 337, Conferences.

142, FKACA, Annual Report (1939), p. 3% The NACL propesal in 1939 to
expand this university program tenfold met the "strenuous objection®
of the Budget Bureau. See NACA Executive Committee, linutes,

16 Nov. 1939, pp. 2=3, in ALG 400,112, NAGA.
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engineering officers to universities to pursue postg;*aduate training
pertinent to their specialties. Three such officers in September 1939
were entering M.I.T., C.I.T., and Stanford for this purpose.

The Air Corps student at M.I.T., Capt. Alfred R, Maxwell, who was

prominent in bembardment development,l’w

gow in the aeronautical depart-
ment s of America's best technical schools a resource that the Air Corps
ought to tap more fully, and he sent the HMateriel Division his views and

:c-ec1.':111mern:1a‘l::i.ons:v..:u"tF

He was "surprised" at the "extensive! aeronaubical
research facilities at M.I.T., whose work "certainly compares favorably
with that of the NACA," and warned that while the Air Corps was taking
n}ittle advantage" of it, the Navy, the CA4, the NACA, the Corps of
Engineers, and firms like Sperry snd General Ilectric all had "successful
projects® under way there. Generalizing about I.I.T. and similar
institutions, Captain Maxwell cited the impressive amount of “advanced
knowledge hidden away in thesis files, department notes, and professorst
brains, little of which joins the fund of common knowledge in the form

of texts, papers, NACL reprints, etec.,, or if it does, it is late. I

find that many NACA publications concern work done originally at schools,

143. Captain laxwell (later Golonel Naxwell, Director of Bombardment,
and Chief of QC&R Bewbardment Sranch, 1942-1944) was preparing a
thesis on a phase of bombardment: determination of criteria for
design of high performance automatic controls suitable for use in
gyro pilots, bomb sights, and servo mechanisms in general, with
particular emphasis on improvement in performance by the use of
rate controls, See memo for Chief, D by G/AC, 22 May 1939, in
AAG 210,66, Detail Officers--Civilian Educetional Institutions;
meno for Commandant, AC Engineering Schocl, by Maxwell, 31 March
1940, in AAF 201, l'axwell, A, R.; and memo for Decorations and
Awards Branch by AC/AS, CC&R, 9 Sep. 1944, in ibid. .

144e Capb. Alfred R. laxwell to Brig. Gen. G, H. Bretbt, Chief, 1D,

29 Jan. 1940, in AAG 400,112, Tests and Experiments.

—_ e =9
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. but by the tire it is reviewed and published there is a time lag.”

Student thesis research, particularly, was a field for the Air Corps

Fi3

40 tap," he said, snd while theses were usually "excellentliy"

gxecuted, their contributions tc engineering were frequently "nilV

~ because the students were not always guided to practical research
topics. Students would welcome a list of practical thesis subjects
submitted by the Air Corps, he believed, Finaneially, too, the Air
Corps would gain: the Air Corps could easily get title to theses at a
cost of "little or nothing"; contracts with universities would tend to
be more economical than industrial projeets because the professors were
accustomed to getbing "little or nothing from the contractor"; and, in
any exchange with the Army, the universities would probably be grateful

"~ . for a few modern condermed engines, instruments, etc., to replace the

antiouated D-12 Liberty engines, the JH-5 “Jenny" planes, snd similar

equipment on hand,

Maxwell!s estimate of the universiby research situation was read
by various officers in Air Corps headguarters, and General Arneld

145 rather

ordered it sent to the NACA's new "Coordinator of Researchy"
than to vright Field, /Apparently it was discusged in the NACA meeting
two days later, when the HACA was directed by its Executive Committee
to make a nationewide survey of reseasrch facilities of schools, univer-
- sities, and other Mindividuzl organizations" throughout the country,

as well as an inventory of potenbial research projects at Viright Field

145, Yaj. A. J. Lyon, Exec., 1D to Capb. Alfred R. Maxwell, 5 Feb. 1940,
in ibide
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suitable for alleocation o universities.
This inventory in February 1940 was apparently the first usable
survey of aeronautlcal research laboratories in universities in recent
years,lw and while it remained unpublished, it contained actual facts
and figures to bolster the Lindbergh Committee's generalizations of six
months before, and provided the Air Corps with an estimate of Americals
scientific potential in the aeronautical fields. Substantial laboratory
equipment and trained personnel were found to exist in 75 educational
institutions, many of which were later visifed by NACA officlalss In
subsequeat monbhs, 30 research projects were to be initiated by the LACA,
with some of them in the field of aerodynamics (6); structures (10);
materials (5); and power plants (9). Meanwhile, the Air Corps was also

to expand its universiiy program,

Control and Coordination of Lilitary Research by 1939

Governmental control and supervision over seientific work in Lmerica

was nonexistent in 1939 in terms of a natlon-wide moblilization of scientists

and laboratories for national defense, This mobilization was not to come
until 1940, There was nothing in the United 3tates comparable to the
German or Itallan dictatorship over industry and education, nor anything

compayable to the Soviet collectiwvist system for the management of

146, TI-119 (prepared by Capt. B. .i. Chidlaw, }D), 23 Feb, 1940, in ibid,

147, The Directory published in 1936 by the National Bureau of Standards
(previocusly cited) ineluded "college research laboratoriest" but
omitted such well-known facilities as C.I.%, and ¥M.I.T7.3; and its
format, arrangement, and code names made it difficult to use,
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technology and production, nor even anything comparable to the nationalized
aircraft industry of Frence of 1936, MNevertheless, even in the United
States in 1939 there was certainly much more control over science by
governmental agensies thaa was publicly admitted by many of the vocal
spokeamen for industry and seience. The nature and extent of government
control and coordination of industrial, uwniversity, and goveranment
laboratories had been comprehensively examined by the NMational Resources
Committee in 1938 ,11*8 and the examination revealed s rich and varied
tradition of government coordination of research going hack at least
a8 far as the pateni system established by the Constitubion, or the
agricultural experiment stations begun in 1862, It is a totally ine
accurate legend that scientisbts in universities and industry were working
"freely," uninfluenced by government guidance and impulses, whether for
humanitarian, national-preparedness, or other social purposes.
Speeifically, the Air Corps in 1939, as discussed earlier, was
supervising aeronautical research in numerous ways. This control was
exercised in speeific situations and for specific problems: discretion
in the choice of this or that privabe organization to undertake a
rescarch project, especially where competibive conditions did not exist;
control over the allocation and expenditure of fundsj engineering and
testing of specific experimental articles; and the final evaluation of
the end product itself., There was nothing unusial or sinister in this

traditional relationship betwee. the military and the scientiste It

148, OSee its publication, Relation of the Federal Government to
Liesearch.
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. * [

. was such a common relationship, so well founded in historical precedent

in the American economy, that it was not even consciously an issue in

] 1939,

Nor was this military-civilian, governmental-private relationship
- necessarily "stifling" on ihe development of new airplanes or other
equipment, The hacineyed historical lesend, thal new weapons have
usuelly been developed in spite of the "raditional stupidity and con-
servatiom of military authorities,“mg if it is correct at all, was
hardly correct for srmy aviation between iorld iar I and jorld lar II,
vwhen military requiranents had normmally been somewhat ahead of the
state of the art and when the 4ir Uorps research budget had subsidized

most of fmericals advanced aeronsutical developments, Conservatism here

d . and there did exist, perhaps, but far from being peculiar to the military,
. it was likely to be egually characteristic of an engine firm,15 0 a
. university enginemering dePa.rtment,15l a government laboratory, or at least

149« Bernal, The Social Function of Science, p. 1862, Bernal indirectly
conbradicts this statement, however, with specific examples cited
elsewhere, where he "bemoans" the efficient but "prostituted" use
of science by the military, Cther eritics have uttered the same
cbservations as to milltary conservatism toward new weapons, in-
cluding George W. Gray and ‘/aldemar Kaempffert.,

150. The zpparent resistance to Jet propulsion research by scme of the
conventional engine firms about 1940-1942 is an example., The lag
in the commercial application of new invenitions is also interesting
in this comnection. See 3, C. Gilfillan, "Predietion of Imventions,¥

. in National Resources Committee, Technological Trends and National
Policy « « « (H. Doc. No, 360, 75 Cong., 1 58s8,, pt.2, PPs 15=23.

151, The british physicist and critic of research administration,

« Je D. Bernal, caustically criticized his colleagues in British
universities thus: "a scientific theory is generally thought to
reguire a quarantine of some forty years before it is safe for
elementary students," The docisl Function of Science, ppe 77-78
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portions of each. In whatever type of inst;tution, boeth conservative
and liberal attitudes were likely to prevail side by side,and @he
development of new weapons was comparably affected.

The issue of "control" wes not whebher there should or should not
exist governmentsl supervision over scientific research, but rather how
extensive it should be, and in which particular governmental agency
that control should be vested, As the responsible procurement agency
for air materiel for the Arny, based on d&ct of Congress and iroy regulaw
tion, the Alr Corps in 1939 wes obviously interested in keeping the
closest control over its research contracts with private organizations,
as well as over the relevant rssearch projects in other governmental
leboratories, To be interested in anything less than close supervision
and control would have been to shirk responsibility and to abdicate iits
fundanental mzteriel mission.

dmong the other goverrmment agencies-that were in any comparable
position to exercise control over aeronasutical research and development,
the NACA was the most plausible and historically was in the best positiona
In 1939 the HACA was not only an active participsat in research, as
deseribed elsewhere, but it was also performing "a coordinating function®
over the aercnautical sciences, a task described by one of the HACA
152

members &s followa:

+ « » & coordinating function by means of subcomittees consisting
of experts frox the Government agenclies and from various branches

152. J. C, Hunssker, "Research in feronantics," in National Resocurces
Planning Board, « « « 1l. Industrial Regearch, p. 136. Professor
Hunsaker, at that time_(i9ho ) was in charge of the Department of
Aeroneubical Ingineering at }.I.T., in addition to being a member
of MACA. Later he became chairman of the NACA,

il "
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the industry. Researsh projects are initiated or approved

by appropriate subcommittees. Some projects are assigned,

by contract, to university or other lzboratories where

special facilities or qualified personnel exist,
Furthermore, the HACA since 1912 had been collecting information and
data on the progress of foreign aeronautical developments, through its
Mgeientifie attaché" in Paris as well as by other means. HNone of these
coordinating activities were new in the NACA except for the sponsorship
of university research, which had not been undertaken until after 19335,
This relatively new field was defended iri1939, if it needed a defense,
as a device intended not only to yield new contributions to knowledge
but also for "the training of research workers in aeronauties for the
benefit alike of the governmental services and the industry"; and
government, subsidies were defended as an "effective," "economical," ad
ndemocratict procedure for furthering "what has becoxe an international
competition” in national p::-epa.ret.‘me;:ss.153

The Air Corps in 1939 wes inclined to defer to the WACA for the
coordination of the fundamental phases of aeronaubical science, since
the Air Corps (bogether with the Navy Bureau of Aeronautics) could
effectively control the Cowrittes!s polieies and deecisions, not only
through their membership on it and on its subcommittees, but also through

the joint irmy-.lavy lLeronautical Poard, which was given emergency

jurisdiction over the HACA in June 1939.]'5 b In accepbing this situation,

153. NACA, Annual ieport (1939), pe 3.

154, The /hite House on 29 June 1939 approved a proposal made in
tugast 1938 by the NACA Special Cormittee on helationship of [NACA
and] Mational Defense in Time of .Jar, qg’avmich Maj. Gen, Uscar
destover, then Chief of the Air Gorps,!}pecn chairmane See HACA
Ixecutive Comnittee, Vinutes, 15 Sep. 1939, ppe 9-10, in AAG 400,112,
NACA.
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however, General Arnold had warned that fundemental research should not
be rigidly separated from "applied" and "production' research by a
"Chinese wall," and that if the N.LCA should become the coordinator of
fundamental research, it needed “new blood and [ shonld be] expanded

155 Subsequently a Director of

sufficiently to assume this function.,"
Coordination had been established in the NACA in June 1939, with the
blesging of both the Executive Comunittee and the special Lindbergh
Committee, and in January 1940 the Coordinator (S. Paul Johnston) was
appointed.l56 How extensive or effective this coovrdination would be

was sbill doubtful. The Air Corps, even with military control of NACA
assured, in general preferred direct collaboration with contractors
working on its projects, unless the research project clearly had broad
Arny-davy-cormercial aspects. A4 further reason for direct liaison,
suggested by Captein Maxwell at !.I.,T., and probably widely accepted

in the Air Corps, was that the engineering students and faculties tended
to regard the ¥ils as "rather impersonal and overcritical," and "“only

a gource of technical literature," while the Air Corps was "living and
glamorous to nest, and a goal of quite a i‘ew.“l57

Any coordination by the NiACA, furthermore, was concerned only

with fundamental research, and only in the fields of aerodynamics,

155, Memo for AS/U by C/AC, 29 Jan. 1939, in AAG 400,112, Tests and
Experinents,

156, NACA Executive Cormittee, ilinutes, 23 June 1939, and preliminary
report of lLindbergh subcommittee [about 24 Auge 1939], both in
AAG 400,112, YACA; and NACAL, Annual Report (1940), pp. 21-22.

157. Capt, Llfred R. Mexwell to Maj. &. J. Lyon, 19 Feb, 1940,
supplenentary to his ezrlier letter of 29 Jan, to Gea., Brett,
previously eited; both in Aal 400,112, Testa and Experiments,
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structures, power plants, fuel, and some of the aircraft materiais.
Tmportant as these fields were, they excluded such equally basic materiel
as air ordnance, electronic aids, optical aids, 2lloys, and numerous
other types and phases of air materiel, improvement of which was vital
to the achievement of air supremacy., These fields of military research,
as far as the Army was involved, were under the primary cognizance of
Army technical services other than the Air Corps, such as the Ordnance
Department, the Signal Corps, and the other services. 4ind the Air Corps,
both as a supply service and as & combat arm, was intimately associated
with those services through direct collaboration and through the formal
channels of technical committees (existing for these various categories
of materiel) and the divisions of the General Staff,

Beyond these Army-wide controls and a few formal but ingignificant
Army-Navy channels on research, there existed in 1939 a skeleton organiza=
tion for research coordination that might be convertible to national
defense purposes, This organization was the Yational Resesrch Counell,
whieh had been the top agency in World VWar I to mobilize America's
scientific resources for that war, After 1919 the NRC survived in more
limited form, under the MNational Academy of Sciences, as a permanent
tseientific adviser" to the federal government, Its membership, éotaling
about 220, was rather broad, representing about 85 national scienbific
and technical socisties, as well as the various federal scientific
bureaus and agencies, and 2 limited number of members chosen at large.

Tts various divisions and svbcommittees totaled about 1,150 additional
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. scientists and professional men.l58 In addition to its supervision of
a limited number of technical projects for various federal agencies, it
also disseminated informaticn useful for the more effective administra-
tion of research, notably its periodical census of Industrial Research

Laboratories in the United States, the latest of which had been published

in 1938, In 1939, the National Research Council, at the request of the
Waticnal Resources Commitbtee, was going beyond this inventory to make

43 study of the capacity of industrial corporations in the United States
for scientific research, and especially the trends of the research under-
taken by the laboratories of these firms," This survey, while it was

apparently not made for national defense purposes, did contain many

. conclusions easily convertible into recommendations on national prepar-

L

edness on the scientific front.159

In 1939 the Netional Research Council and its parent body, the
National Academy of Sciences, were perhaps a "'passive" influence so far
as the coordination of science for national defense purposes was conw-
cerned. They were receptive enough to problems submitted to them, but
they were not aubthorized actively to seek out scientific problems con-

fronting the military procurement services; and they usually spoke with

158, Albert L. Barrows {Executive Secretary, NEC), "The Relationship
of the National Research Council to Industrial Research," in
Hational Resources Flanning Board, « + « Ils Industrial Resgearch,
pe 365. See also historical statements oa "National Research
Council," in Journal of Applied Physics, Aug. 1943, pp. 378-79;
and The Government's l/artime Regearch and Development, 1
(Senate Subcommittee Report No. 5, 79 Cong., 1 SessS.}, DPe 234-42,
325=264

159, The end product of this survey was the 370-page report of the
National Research Council to the NRFB, December 1940, entitled
Research—i Nabional Resource: II, Industrial Research (1941).

. Some of its conclusions and faots have already been quoted,
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some pride that their mission was "not" to volunteer and to seek out
projects of interest to the govermnent.l6o Within this framework, the
Academy was sponsoring a number of projects subnitted by the various
supply services, including a number of Air Corps problems previously
mentioned in this study, Beyond turning over these problems and the
limited funds supporting them, the Air Corps was wawllling to goe

Thus, the 4ir Corps, when asked early in 1940 whether its liaigon with
the HAC could be improved, acknowledged the value of NRC contacts with
seientists and pointed to the list of projects mentioned zbove, but
reiterated its fundamental policy of "direct collaboration" with oubside
agencies, Jllustrating its position by the technical problem of bombing-
through-overcast (BT0), the Cnief of the Lir Corps pointed out the need
for close, bub direct, collaboration between the military and the
civilian scientist in theue phases: (1) to determine the scope of the
problem: (2) to sumwarize the probable means and methods of its solution,
and to agree on "the most practical approach"; and (3) to determine
whether a solution were "feasible" if applied to military aviation, and
if applied, whether the "application™ would be “practicable® from tactical
and production standpoints, These phases of the problem, he urged,

required "open round-table discussions between the scientists and the

practical engineer,” and "direct collaboration" with outstanding

160. Later testimony as to the passive character of the Ni3 and the
NEC are given in Heorings « » » 5. 2721 before the Senate Sub-
committee on Technological lobilization, Oct-Dec. 1942, pp. &,
12, 14, 76-77, 368, Cne of the witnesses, I, L. lhitaker, went
further (p., 357), to eriticize the NiS as conservative and "self-
perpetuating,” an "auwgust body . . . of mature years . . .,

erystallized in their ideas and their viewpoint . . . conserva-
tive A
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authorities in physics, aerodynamies, opties, and met.allurgy.lél That
any intermediary supervision by an outside body, once the parties were
brourht together, would serve no useful purpose, was clearly implied.
liar Depertment attitudes toward other proposals for seientifiec
coordinating bodies were similar, A proposal in Conpress in April 1938
for a "developmental center for the irmy" had been opposed because of
the existing system of facilities and the existing coordinating functions
in the VJashington offices of the supply services and the General Staff,
and because such a new agency would becoue “a super agency, independent
of the supply services and using arms, and dictatorial as to all matters

of equipment.léz

The bill was never passed. A later congressional
proposal, early in 1939, for a more limited body, one primarily for
Upilitary aireraft engineering® but covering both the Army and the Navy,
wag likewise rejected, this time after objections by the two services
jointly as well as by the Air Corps :3.9pz3.rately.163 There were still
other proposals brewing in 193, but whether the new agency was to be

a ijar Department board, a joiat committee, or a federal-wide organiza-
tion, the Air Corps consistently objected to any administrabive changes
that would reduce direct collaboration or add to the hierarchy of super-

visory agencies., The existing organization was deemed adeguate for

161, 1st ind. (AG letter 381 ational Defense [3-11-401, 14 larch 1940),
C/AC to TaG, 11 April 1940, in AMG 400,112, Test, Development orka
162, Xemo for Aa/u'u by C/5 (Gen. Yalin Craig), 3 Sep. 1933 in AAG
hOO.llZ Tests and Experiments.
163. Legislation felating to the AAF Materiel Program, 1939~-1944,
PD. 10:11.-05, and NACA 2xecutive Go:mu:t.ttee, ldnutes, 23 June 1939,
Ps Ay in AsG 1]-00.112, NaCA.
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. jnsuring Air Corps conbrol over military recuirements and research

policy and permitting the ultimate execution of seientific work by

the designers cad builders of experimental models. Such was the

situstion as to scientific coordination a few months before the establish-

= ment by the Jhite House of a federal-wide National Defense Research

Committee,
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WARTIVE RSSTARCH A&ND DSVELORIENT POLICIES, 19391944

Changing Military Reguirements, 1939~1944

The EKilner Board's five-year program of June 1939, and its conw
servative modification by the Air Board in September 1939, continued
into 1940 ag \iright Fieldts immediate and long-term goals, 4L few
additions to the program were made in December 1939 by the Air Corps
Technical Committee, notably the bombing-through~overcast problem,
but they were not to be undertaken until the new i‘iscaa. year beginning
1 July 1914.0.1 By the spring of 1940, however, the pressure was for

the immediate rather than the ulbtimate improvement of Army eviation,
; . chiefly for the rapid "modernization" of existing standard-production
. models. British and German operations since September 1939 were show-
ing the need for such aids as armor protection, leakproof tanks,
turrets, de-icing equipment, and (for pursmits) droppable fuel tanks
and auxiliary borb racks. These needs, reported by military attaches s
were underscored by the cbservations of Lit. Cols George C. Keaney
while in England, and by a British air marshel's statement about April

1940, that "were the Army Air Corps to send its airplanes across into

. l. ACIC minutes, 7 Dec. 1939, in L. J. Lyon project record book No. 15.
e Cther problems were: assisted take-off and landing devices, armor
and bullet-proofing, and greater bomb ecapacity for pursuits,
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Germany today not one of them would return.? General Arnold, impressed

by these observations, ordered a re-evaluation of the entire research
program by a special board headed by Ifaj. Gen. Delos C. kmmons { Command--
ing General of the GHI Air Force)s Its first report, in Lay 1940, was
devoted almost eatirely to recommending the immediate or early installa-—
tion of protective, defensive, and other swxiliary aids in the production
models of bombers, pvrsuits, and transports.3 Tt added virtually nothing
new to the airplane and equipment developmental objectives of 1939

except to revive barrage balloon development, vhich itself was another
elemont in the defensive equipment. Furthermore, as England's strategic
situation became worse, in the dark days of May and June 1940, the
immediate production needs of the Air Corps became more and more press-
ing, and momentarily threatiened the entire research program--the long-
term goals as well as the immediate developmental objectives. Thus,

on 7 Yay 1940, when the Germens were already in lMorway but not yet in the
Low Countries, General Arnold could still cable from Fanana (where he

was on B temporary mission) to urge that wartime research and develop-
ment be vigorously pushed in the forthcoming defense of the budget
estima’bes.h Five weeks later, however, with British troops evacuated

from Innkrirk and with France virtually conouered, the strategic situation

2, Yemo for l2j. Cen. Delos C., Irmons, 0G, GHCAF by Colonel Kemney (%),
23 Lpril 1940, appointing Dnmons president of the Board to re-
exavine the Research and Developrient Frogram, (Copy in AFSHO.)

3, "heport of Hoard of Officers [Zmmons Board] + « » Fersonnel Order
104, « « « Bay 2, 1940," (Copy in AFNO.)

L. Teletype, Laj. Cens He He Arnold, C/iC, to Zrig. Gen. B. k. Yount,
Leting G/AC, @ Yay 1940, in ALC 281.4, Jer Plans, lational Defense.
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had become so bad thatb G:eneral MOld ordered whaet was virtuwally a
reversal, in favor of quantity production at all costs. DBecause of
the "eonditicn of world affairs and the will of the American people for
adecuate defense,” he said, the first priority must be the “contimous
production of current types of airplanes for the Army," while research
and developuent must be given "the lower priority . ., . consistent
with the [ above] primary mission.“5 Higher authority, probably includw
ing the White House and Congress, was involved in issuing this policy,
and frnold "personally" assured the Chief of 3taff on 14 June 1940 that
tevery effort" was being made to standardize equipment, increase produc-
tion, expedite deliveries, and "defer our present research and develop-
ment program'; and he hinted that some phases of the latter might even
"be transferred to some other Governmental agency," presumably a
reference to the new National Defense hesearch Committee., D-day had
been seb at 1 October 1941 by the Chief of Staff, and the airplanes
needed, General frnold stated, were "not those which will be produced
four years from now, but those to be delivered within the next six
months or & year, certainly not more than two yvears hence.“6

The research program, however, was not serapped., It was merely

postponed temporarily in specifiec cases where a manufacturer!s production

5. YMemo for Chief, LD by C/AG, 6 June 1940, iniAG 452,1-17, Airplanes--
¥anufacture of. General Arnold had also verbally directed the
Znwons Board to this effect, "that research and development for
the next six months, at least, will be subordinate to !production'.”
(Lemo for Maj, M. 2. Gross by Maj. Be W, Chidlaw, both in KD,

1 July 1940, in ¥&S file on R&D Program, F.Y. 1941,)

6. lLemo for Zxee., OCAC by C/iC, 14 June 1940, in AAG 400,112, Tests

and Experinents.
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for the Air Corps would be interrupted _by work on experimental contracts,

The 10 most important airplane projects were selected by the Lmmons

Board (which had meanwhile been "educated! by an inspection trip to

nright Field); and priorities, based both on strateglc needs and on

manufacturerst capacities for experimental work, were assigned in June

1940:7

1., 5,333-mile very heavy borber (B-29, 30, 32)

2. 2-engine interceptor (Lockheed XP-49, Grumman XP-50)
3. 2,667-mile medium bomber (North lmerican XB-28, 284)
Ls ZEscort fighter (Lockheed XP-58)

5. l-engine interceptor (Vultee XP-54, Curtiss XP-55,

Northrop ¥P-56)

6, Navy dive bomber

7. Light bomber (Vartin XAi-23)

8, Long-range bomber (8,000-nile range)

9. Observation airplane
10. 2-enpine trainer (Beech AT-TA)

Tnese priorities were not to be rigid, because of "the constantly

changing military situetion ebroad," the capaciby of the industry "to

absorb . . « experimental developrwent without interference with the

approved procurement program," and the extent to which the current

developnental projects were being successfully completed.8 In a few

weeks the zbove priorities were revised, in the following rearranged

order: 4, 6, 9, 1, 10, 2, 3, 5, 7, and 8,

The research program, however, conbinued to be threatened by the

production program. In September 1940 "certain aircraft manufacturers'

Te

84

temo for Yaj. Gen. He He Arnold, C/AC by Maje. Gene B. K. Yount,
Asst. C/AG, 7 Oct. 1940, attached sets of priority schedules, and
comusnts by Maj. 8. . Chidlaw, 1D, 20 Sep. 1940, all in A4AG 452.1,
Alrplanes, General,

Yemo for TAG by Brig. Gen. 3. K. Yount, Jleting C/AC, 17 Lug. 1940,
in &S file on KD Frogram, F.Y. 1942, (Based on memo for C/AC by
Chief, XD, 17 Aug. 1940, copy in AFSHO and in AAC 400,112, itesearch
snd Development Programs.)
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. complained to General frnold that development proj&cts were "taking the

time of engineers who could be used to accelerate production of airplanes
on the Zxpansion propram," and he directed deferment of such projects
(vhere production delays could be demonstrated) "until such time as
airplane deliveries are up to schedule.“9 At the same time the NACA
laboratories also were affected: wind tuanels and other facilities were
diverted from "basic research" in order to concentrate on improving the
performance and correct the defects of current production models.lo By
1941 the stabilization of industry was well under way toward achievement,
and experimental. work could be resumed in more orderly fashion. The

policy of 3eptenber 1940 was reversed, the aircraft indusiry was ssked

for its test programs for all experimental aircraft oan contract ,ll and

s

the last sajor threat to reszearch and developaent during the war was
removed,

Research and developrent objectives continued to be affected, in
1940 and 1941, by British experisnce with the new and improved alrplanes
and equipuent and tactics in bhe Anpglo=German air ware. In 1940, the
turret and armamest missien by Lb. Col. Grandison Gardner and Yaj, Fe Co

‘Jarralllz znd the radar mission by Laj. A« ie Horriner, if they did not

9. Leumo for Chief, }'D by C/AC, 13 Sep. 1940; referred to .right Field
as TI-242, 16 Sep, 19403 bobth in ALG 452.1-17, Airplanes--lfanufac-

ture of.
- 10, 1D letber to all contractors, 8 May 1941, in ALG 400,112, Test,
Development .0rke.
11, Ibide
- 12, heport by Gardner and Carroll, 1 July 1940, cuoted in draft AISS
- historical study, "Power Torrets [1917-194411 Chape V, ne 24
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reveal actual gaps in the Air Jorps research and development program,

at least underscored the greater urgency of certain phases of materiel
over others, and contributed suggestions as to more fruitful avenues of
research. Certeinly the work on turrets and radar detection and rang=
ing were all prosecuted with greater vigor as a direct result of these
Aipr Corps nissions abroad, In the next year, the mission of General
Arnold to London (in April-May 1941) likewise raised the priorities

for high-altitude pressurizing equipment, jet propulsion, controllable
bombs, gliders, photography, and external fuel tanks for range extension,
at the same time confirming Air Corps superierity of turbo-superchargers,
cannon installations, .50-caliber guns, bomb sights, and air-ccoled
engines.13 After June 1941 refinements of the program were influenced
by the Special Observer Group headed by ¥aj. Gen. James E. Chaney (the
Chaney Yission, or SPOBS), even though this mission was preoccupied not
with materiel but with tactical planning for future American participa-
tion with England in the war against Germany.lh And later in 1941,

Col, Ira C, Faker's observations in the United Kingdom covered a number

5

of items of air materiel of great interest to wright Field.

13« Many but not all of General Arnold's conversations and deliberations
are described in his cablegrams from London to Washington, in AAG
311.22, Cablegrams, filed under 5 May 194l. See also Edward Warner
to T. P. wright, writing from London, 22 April 1941, in AAG 381.3,
Lend-Lease Ald, filed under 12 June 1941; and teletype, WF to Chief,
MD, 13 June 1941, copy in M&S file on R&D Program, F.¥. 1942,

14. Interview with a former mewber of SPUBS, Brig. Gen. H, H. McClelland,
ACO, ebout 9 Jan. 1945. The air technical activities of SPOES were
directed by Col. A. J. Lyon. A fuller discussion of this mission
is included elsewhere in this study.

15, Col. Ira C, Haker, "Report on Trip to Sagland," 30 Auge.~l Oct,

1941, 2 vols, in AF3HO, "Col, llcore's files,!

T
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In addition to the influence of Briitish tactical and experimental
experience on Alr Corps materiel development was the effect of the
general strategic and political situation on the Air Corps program as
a whole late in 1940 and in 1941, before .merxics offieially entered
the war, The research and development program of 1939, "thrown for a
loss" early in 1940 by the immediate need for cuantity production,
gradually ceme beck into full stature later in 1940, By 1941 the
original program was fully revived and expanded. American development
wag being stimulated not only by specific ideas from Britain, bub alse
by the changine strategic and political situation which callied for closer
collaboration with the Allies: the increasingly liberal policy of
releasing advanced models to the British and other potential allies in
Yareh 1940; the establishment of the Army-Navy-British Aireraft Committee
in September 1940 (later renamed the Joint Aireraft Committee); President
hoosevelt's "fireside" announcement on 29 December 1940 that /merica
would become the "arsenal of democracy," a concept applicable as much
to development as to produchion; the Lend-Lease bill of January 1941,
passed the following liarchi and the various war plans in preparation in
1941 for joint participation of Ameriezn air forces with the Br:i:bish..]'6

Coupled with this strategic sitwation was the Air Corps' fear
early in 1941 that Britain's own research establishments would suffer

directly fron military overations if Germany's bosbardmnent continued

16. ABC-1l plan, 27 ¥arch 1941; Atlantic Conference, 1l-1i4 Aug. 1941;
A.PD/L, 12 lug. 19413 and Arcadia Conference, 23 Dec, 19&1, AFSHO
special study, "Weview of Aerial warfare for the Scientific Advisory
Board [Group)," (1945), pp. 15-16, 18.
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and if her supposed plans for invading Eagland were wholly or partially

euccessfule In February 1941, for exanple, General Brett, in submitbing

sbout 20 additional gevelopmental projects for General Arnold's approval,

warned that the whole Lir Corps developmental program had a new element

of importance npecouse" the British prograt had been "greatly retarded"

by the effect of operations on England herself.l7 Similarly, one of

the special ObSErvers in Pngland early in 1941 (Maj. John Ge Hoore)

was told by Sir Henry Tizard, Director of Research and Development of

the British Ministry of Aircraft troduction, thab u from now on" Anglo-

American research and development gshould he concentrated in the United

gtates, where the activities would be nyphanpered by enemy action," and

that Britdsh technical personnel should be sent "to assist and to pass

on such work as satisfying [ pritish] req.tirments."l The Air Corps

accepted the pressure of war in England as one more reason for expanding

its own research organization. The British proposals 10 sit in on

American research pianning and adisinistration were not accepted, hOWever,

and became & problen of Anglo-imerican collaboration that was to VEX

all parties during the rest of the war long afber enemy occupation of

England ceaged o be an immediate threab.
After imerica officially entered the war in December 1941 the

military requirenents for new materiel conbinued to shift with changes

in strategic and tactical plans, including greater emphasis on future

17. lemo for Maj. Gei. Lrnold by Haj. Gene George H. Bretb, 27 Febe
1941, in AAG 100,112, Research and Development ProgramsS.
18, Final report to G-2 by Xaj. John @, Moore on Dis visit to Great
Britain, 11 April ig94l, in AT Intelligence Library, ", Se=9545."

P
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needs in the Japanese theaters o;\i.‘. wer. The whole developmental prograt
at wright Field had grown to about 2,000 different projects by December
1541, "ranging in scope from a complete airplane dovn to an improved

type of cowiLing."19

The special Xenney Board was asked in January 1942
to review the airplane development program and to recommend military
characteristics for various Lyped, including & 10,000-mile pomber and
an Minterim® long-range porber with a range soewhere between the B-29
end the 10,000-mile bonber ,20 a request which indicated the jnereasing
preoccupation with the Japanese theaters of operatlions. The next month
the 1942-1943 program vas set up, and jncluded estimates for two jete
propelled fighters (Xp-59Ats), and for sccelerated research with respech
Lo "uneonventional® gngines, engines in the 4,000-5 5 500-horsepower class
for use in the very-long-rane bornbers, and controllable bombs and glide

torpedoes. The whole story of changing military requirements cannct be

treated in detall huare,zL except to note that after December 1941 by far

19, Memo for H. H. Pundy, OSH, by Brig. Cen. b 3. Fairchild, Ascla

g/iC, 25 Yov. 1941, in ANG 400,112, Research and Developnent Frogramde

20, Meuo for Brig. Gen. George C. henneY, Neda, unsigned, in ALG 360,01,
Prograns (filed under Jan. 1942}«

21, A4 separate HAF historical study on the Military Hequirement.s System
is planned. See€ s1so Daily Diaries of Director of Military Reguire=~
ments, March 1942-tarch 1943, and of AG/4S, 0GR, April 1943, Poth
filed in A4F3iO. Requirements are or will also be treated in some
detail in some 20 separate LLF historical studies on specific
categories of aateriel, such as the Heavy Donber, Radar and Radio
Equipment, Aviation Casoline and Lukricants, Armament, Bombing
Equipment s Tieconnalgsance hirplanes and Photographie Touipment
and Power Plants, to metion only those in active preparation z as
of Larch 1945). See algo ATS0 Historical Office nease histories"
of selected, specific models of airplanes and equipment (15k
currently proj ected)s and the encyclopedic sepiannual status
report of the ATSC, "Research and Davelopment projectat (latest
ed,, 1 Jan. 1949), filed in AESHO.
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. the greater impulse came from Americ;::';w:r; ‘;:ml;at air .‘;'c;x:;s than from
the British, and that “theater rejuirements" came from both the Eurcpean

and Pacific areas, not excluding lesser but important theaters such as
the antisubmerine zones in the Morth and South Atlantic, By early 1944,

of the total research and development program of some 1,200 items, the

following were regarded as "super projects" by General Arnold and his

irmediste Air Staff:za

Guided missiles

Azon azimuth-controlled boub
. GB~4 television, radio-controlled glide bomb
GB-8 smcke-flare, television, radico-controlled glide bomb
RTB radar end television, radio-controlled glide bamb
BR-2 power—driven, remote-controlled bomb
Airplanes

{B=32, XB-35, XB=36, {B~43 bombers
. XP=51F and G, XP-59, XP-72, XP.75, XP=79, XP-80 fighters
- Helicopter

Jet engines

General Hlectric I=iH,-20,-40
TG~100
TG-120 and large gas turbine
De Havillsand ®Halford" -l
Tegtinghouge VBN
Aerojet, .erotojet, Centrojet
Lockheed L-1000
Horthrop Turbodyne, Alpha 1500

Conventional enpgines

Fratb and vhitney R=4360 (for Xa-i1, XC-99, XP-72, ¥B-35, XBw36)
. Yright k=3350, improved (for B=-29 and XB=32)
- Allison V-3420 (for KP=75, B=39, B=19A)

Packard V-1650-11 (RY 145%) (for IP-51G, XP=51H)

22, Memo for Brig. Gen. B. %e. Chidlaw by Col. R, C. Wilson, both in
128D, 3 Jan, 1944, listing "super projects" wanted by the Office
of C/iS, in F&S file 18.100 Misc,--Gen, The total figure of 1,200
projects is only approximate: in December 1941 it was 2,000; in
. July 1944, 1,190; while the Xateriel Command's "Research and
Development Projects” (1 Jan. 1944), though not complete, listed
only about 800,
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@ Fuels

Grades 94/114 and 110/150 "super® fuel

Computing gun sights

K-14 (British Merk II C), for fighters
- K-8 (Fairchild) and K=9,-10, and-1l (Sperry), for bomber turrets

B-29 fire eonbtrol

Ceneral Zleetric, Sperry Wlocal," and GE 4-gun upper forward
turret

B~32 fire conirol

szarry ?)x-l? (nose and tail), Vartin 4-3D (upper), and Sperry 4-13
s ball

20-mm turrets

General Electric upper and lower remote, and remoie tail
Harbin and Fmerson urper cylindrical types

Sperry ball (2 models, one 44M)

Sperry nose and tail

ALY

Qthers

British flare thrower, airborne
wavy rocket, type 3.25

Still other especially urgent projects were added during 1944, notably
additional guided missile projects, inspired by the intensive use of
robot bonbs by the Germens after the Normandy invasion in June 1944.
As ilwplied in the above sketch, the research and development
prograrcs derived from a gystem of "wilitary recquirements® at a higher

echelon than "iright Field., DIuring 1939-1941, before American entry into
the war, this system was centralized in the Plans Section23 in the

23. The Plans 3ection of 1941, which dealt with both regquirements and
strategy, should not be confused with the latexr Operational Flans
plvision (Mareh 19L2 to Lerch 1943) and AC/AS, Flans (4pril 1943).
Tae letber offices normally did not formulate either quality or
quantity remirarents, Oeeasionally their diaries reveal that
they commented on staff studies and Bdlit's from Zegunirements or
. Kateriel, and mow and then prodded them in behalf of particular
projects, such s ylide bombs (1942) and rescue equipment (1943).
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immediate office of the Chief of the Air Corps, supplemented by a

conmittee usually represenbing OCAC headguarters, the tactlcal am
. {(the GHJ Air Force, established im 1935), the General Staff, and the

Kateriel Division, This committese, which was lmown as the Air Corps

o Technical Committee between 1936 end 1939, was apparently abandoned
after its last meeting in December 1939, being meanwhile superseded
in part by such zd hoe agencies as the Kilner Board in March 1939 and,
later, the Emmons Board in iay and June 1940. The commitiee system
was under attack both within and cutside the Materiel Division, and
in June 1940 assurance was given at the top that there would be "neo
more special boards" that might provoke contradictory direct.ives.%
In 1942 the requirements function was reorgenized into the
Directorate of Liilitary Requirements and its various subordinate Yiypet
directorates for Bombardment, Air Defense, Air Support, ete., and this
N sysben was again reorganized in iarch 1943 into the Requirements
Division of the Office of Assistant Chief of Air Staff, Operations,
Commitments, and Requirements (AC/AS, 0C&R). The exact division of
labor between the RBequirements project officers and the Hateriel
preject officers cccasionally was not elear, The usual stereotyped
division of labor, formalized in an CC4R directive addressed to its
ocwn requirements officers in April 1943, was that CC&R "formulates and

. tmosmits to the Materiel [ Command] necessary military requirements « « o

upon which « » « Yateriel o + o can base its development, production,

24. Memo for Chief, 1D by laj. ks Z. Gross, 27 June 1940, reporting
informal conference of Gen, Arnold, Gen. Brett, Col, Echols, and
others on 16 June, in &S file on R&D Frogran, F.Y. 1941,
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and procurement,” while the lateriel Division in L1&D "supervises the
development, procurement, and production of aireraft, equipment, and
supplies + . o+ [by] the Materiel Command.“25 0C&D officers occasionally
went beyond prescribing "what is wanted" to direct "how"! the directive
wag to be carried out by the Materiel orgenirzation., Their freguent
contacts with project officers at  .right Field, althongh “informal,"
occasionally led to contradictory policies being imposed on the latter;
and their visits to contractors' plants were occasionally made without
dircct authorization by Wright Field. These and other deviations from-
prescribad procedure were not infrequent;26 apparently they were
remedied wherever the staff officers concerned were made aware of them.
Baj. Gen. He &s Craig, 4C/LS, CC&R, and Brig, Gen. M, L. Gross, his
chief of Requiremeats, atbempted to reconeile informal directness and
formal channels by means of an office order in April 1944 on the subject
of industrial liaison, that CC&R project officers "will make no comridt—
ments, pive no instructions, and make no statements to manufacturers

which, in any way, might be construed as an approval by this headguarters

25. CO&R QX, Jo, 9, 22 April 1943, in %3 file 18,100 Misc.-~-Gen.
This directive is similar to the one issued a.year earlier, shortly
after the Direstorate of lilitary Yeguirements was established in
Larch 1942. Ses LR Ou. lo. 9, 17 March 1942, in AAG 300.6,

CCAC [sic] Menos, umbered, See also DER Oufe No. 12, 23 harch
1942, and Ho. 13, 25 Yarch 1942, both in ibid.

26, For samples of complaints, see memo from wright Field (Lt. Col.

T, Ao Jims), 16 Narch 1942, in L.G 38l, var Frojects: minutes of
Special Dlrestors! Conferences, 19 June, 27 Aug. 1942, in AAG 337,
Special Directors! Conferences; 124D Materiel Div. Lally Diary,

20 Jan, 1943, 30 larch 194k, 25 3ep. 19445 and memo for Col. J. F.
Fiillips by R, R. Graichen, both in M&3, 1L Aug. 194k, in V&S file
18,100 lisc.~=Gen,
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of anything being done by the manufacturers or contauplated by them, 27
In October 1944, when plans for the reorganization of the entire ALF
Headgquarters were again under consideration, the problem of Materiel
versus Requirenents was again aired, but apparently neither staff
office subnitted a drastic recommendation, and the plan called for
no reorganization of development and reguirements functions.28 Fe-
quirements merely observed that "extreme care is now being exercised
to insure that itg‘k;i‘uture this [interference of Hejuirements with
Lateriel's supervision of the development progrem] will not happen®’;
and recommended that in some cases AC/.LS, llateriel and Services and
the Air Technical Service Comrand be given "more experienced personnel!
to make unnecessary the occasional deviations from normal channels by
Fequirements officers who were more intinately famlliar with a given
project.29

Supplementing the requirements system, bub indirectly (through
the AAF Eoard) ramaining under CC&L, was the work of the ALF Equipment
Board at Orlando, Fla., established about January 1943 in order (among
other things) to handle "the problem of liaison with the various
theaters, study of different conditions, and the establishing of

0
military characteristics for miscellaneous items of [air] equ:i.1:11131:11‘.a."3

27. “uoted in minutes of 124D staff meeting, 1 April 1944, in L&D
Yateriel Div. file of staff meeting minutes,

28. lemo for C/AS by Gen. Apnold, 30 Cct. 1944, in KAG 310,1, Office
Adninistration + « « (filed under 30 Hov. 1944).

29, R&R, Reguirements Div., 00%2 to AC/A3, CC&R, 17 Hov. 1944, in ibid,

30. Leno for Director of 3ase Services (Col. L. P, uhitten) by Chief
of Staff (Cols B, we Chidlaw), Materiel Command, 22 Jan. 1943, in
&3 file 18,100 Mise, Colondl Chidlaw and \iright Field officers had
discussed the work of the new Board with Jolonel McGregor, proposed
head of the Eoard,

— = A

e
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. Presumebly items developed and procured by non-AAF supply services of
the Arny were to be more closely followed, although its testing
s activities covered items developed by wright Field's Equipment Labora-

tory as well,

Ultimately there perhaps was no workable alternative for close
collaboration between the plamners of research {hequirements) and the
supervisors and monitors of research (kateriel), whether the collabora-
tion was to take place in fomal committees or in informal day-to-day
contact, The committee system, presumably abandoned in 1940, was
actually revived from time to time under assumed names. The AAF
lateriel Plaaning Council, set up in July 1942 with menmbers from the

. directorates and from Keteriel Comrand Headguarters, while it was pre-
occupied with the fuller "utilization of production capacities," also
- abtempted "to exercise close control over Research and Development ,“31
. and for a few months reviewed particularly the modification program by
which new and improved devices were being incorporated into existing
standard materiel, This Council apparently atrophied before the end
of 1942, In 1943 and 1944 still another use of committees was made,
in this instance for the periodic review of Tright Field projects

jointly by 13%&D and 08&5.32 By means of formal sessions in 1943 and

. 31. lMinutes of Special Directors' Conferences, 7 July 1942, in AAG 337,
Special Directors' Conferences, Col, Edmund C. Langmead represented
;ateriel Command Headguarters,
- 32, Other staff offices also were represented, including the Deputy
- Cniefs of the Liir Staff and AC/AS, Training. BAED Materiel Div.,
Daily Diary, 21 Narch, 5, 7, 21 April 1944; and correspondence
in AAG 380, Programs and Frojects (April-lay, and Oct. 1944).
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. 1944 representatives of the two ‘S’l;&iff oi‘fie att to eliminate

projects of marginal value "which are not paying their freight,”" to
recrcup priorities in accordance with changing tactical dewands, and
to provide the "educationzl" beaefit to project officers at sll

echelons afforded by brief oral deseriptions of ezch projeet, its status,

-

and its potential value. The review late in 1944 was to be made in
accordance with the ALF lateriel Cemobilization Plan of 23 September

. 1944 and "Project B-7" for costwar research, and called for regroupings
of priorities as follows: (A} nrojects which have an intrinsic value
for use against Japan; (B) projects which can be completed within 18
nonths after Germany's surrender; (C) projects of sufficient importance
to be classed as "long~-range, conbtinuing military developments!;

. . (D) projects in the "sugpense categoryM; and (D) projects which "should
be terminated, w33
The circulation of new ideas or the revival of cld ideas useful
for application to aerial weapons could not always be rigidly channelized,
however, and officers and civilians other than those in the Rejuirementg-
Fateriel administrative sequencggvolved in deviations from this sixple

organizational pattern, llost prominent were the ALir Communications
Office (established in December 1941 under a different name) ,Bl* which

was concerned particularly with radar, and the special group of M"experd

eivilian consultants,"” estublished in April 1942 under Dr, Edward L. Bowles

33. AC/AS5, V&S Daily ictivity deport, L Cct. 1944, The "B-7" postwar
- plan, covering the fiscal years 1946-1950, was prepared about
hugust 194,

34 See drafts of HAF historical studies on "The Development of Hadio
and Radar Bquipsent for Air Operations, 1939-1944" and *Communica-
tions Techniques in the AL, 1939-1945," for discussions on the

. relationship of ACO to materiel reguirements,
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. to serve both the yar Department at large (through the Secretary of Jar)
and the ALF in particular (through General irnold)s Dr. Bowles con-

cerned himself with both developmental and tactical phases of radar,

-

and his group atbempted to get the clvilian scieatist in closer touch
with the military strategist, and to forward the thesis that radar
and other electronies aids must be recognized in "overall stratvegic
planning in its early stages," instead of leaving the radar scientists
and officers "engrossed in the physical devices themselves," on the
one hand, and the strategists concerned with thelr specialiies, on
the other ha.nd.BS ‘

Another administrative device to encourage new ldeas was the
twishful thinking commitbee," tried oub experimentally in the summer
of 1944 in the Air Staff. This "Informal Committee on ALF Develonuent,"
a3 it was officially called, was proposed in June 1944, apparently by
OC&R, and was intended to represent not only OC4R and 12.&D but also
other Air Staff offices, including the Mriommmications Officer and
the iC/A3, Intelligence, as well as officials technically outside the
Air Staff, such &s Dr, Bowles and the President of the AAF Board at
Orlando, F .3 6 Among the problems of future research, items such as
the following were discussed, informally and without minutes: aircraft-

leunched rockets, robot bombers, fire control, and night photography.37

- 35. For a history by Ur. Bowles of his group's activity, see his meuwo-
randum for 8/, 23 hug. 1943, v.ésune of Consulbtant Activity,” in
AAG 334.7, bulk files.

36. Gee interoffice correspendence on this Committee, 23-27 June 1944,
in ALG 334, Boards . . . Mise,

37, Memo for Committee on LfF Development by 4G/A3, CC&R, 6 July 1944,
in L&S file, 30.105 Mew Developments Div. [umerous suggestions
for discussion by the Committee, assembled from the various project
officers in F&S by Cols Re G Wilson, July-iugust 1944 (filed in

. W&o file, 30,109 Committee on 4A} Development), pertain to engines,
fuel systems, propellers, armament, gaided missiles, vhotogragphy,
and navigation aids.
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Its discussions were upparently abandoned by September 1944, Toward
the close of bthe year anobher committee was established, this time a
group of civilian consulbants known 2s the "Selentific Advisory Group,"
headed by Dr. Theodore von Karmen, and attached to the imnediate Office
of the Chief of Air Staff. A4s & part of its duties this group was
d:i.ree.teclz3 :
to assexble ideas for new weapons, possibly of the "Buck
Rogers" variety, for use during this war or for post-war
developnent, Such ideas may ke iwpracticable now, butb
so long as not opposed to natural laws of science, may
demonstrate fields for future research, such as lmproved
explosives, methods of remobte control, countermeasures, ebc.
Cne of its studies, in Farch 1945, concerned long-range, supersonic,
rocket-propelled puided nissiles of the V-2 type, both winged and wing-
39

less,
The ideas end proposals from all these and other sources were in
line with Geasral Arncldts depand, voiced in his staff talks on the
new Continental iir Torcey that the air Staff and ~AY Headguarters nust
continue to look forward, that staff officers must be alert to new
ideas, evea to the exteat of questioning speeific aspects of current
matericl development, current tactics, and current strategic plans.
Idess from all socurces were to be encouraged. hether, when and how
they were to be translated into changes in "military reguirements" and

chanpes in the "research and development program® remained, however, as

functions of the staff offices concerned direetly with those phases.

3e, Oroted in minwbes of staff meebing of .00, 19 Feb. 1945, in AF3HO.

29. AG/AS, OIGR Dally ictivity Report, 12 larch 1945, in AFSHO, OCIR
recommended that the Sclentific Advisory Group prepare the military
characteristics and that 11%3 prepare a staff study on a change in
the adrinistrative responsibility for propellant research, pre=-
sumably away from the Ordasnce Department.

> A T
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. Txnansion of NACA Laboratories, 1939-19L4

The expansion of the aercdynamic snd engine research facilities
. of the NACA was basic to the prosecution of the Air Corps developuent
prograns, and after 1939 there was little resistance by Congress or
- the press to the financing of JACA acti.vities.ho The eatire budget of
the NLCL for the five fisecsl years 1940-1944 ultimately totaled almost
100,000,000, divided by fiscal years as follows:l*l

1950 b by3Th,546

, 1941 11,200,000
1942 19,865,910

1943 25,423,736

1944 38,392,215

Distribution of the expenditure of this unprecedented budget, which was
- about six times the total spent between 1919 and 1939, is shown in the
table on the following page.

4 large portion of these expenditures went for the new wind tuanels
and other Laboratory facilities, first at Langley Field, next (1940) at
the new Ames Aeronautical Laboratory at Moffett Field, Calif., and
£finally (1942) st the new Engine Research Laboratory at Cleveland. By
1945 the 1IACAts 5770,000,000 plant contained 30 wind tunnels, including

the pammoth 80-foot tunnel for full-scale airplanes at Ames, perhaps

40. See Legislation Relating to the AAF Materiel Program, 1939-1944,
- pr. L02-21,
" 41, Senate Committee en Lilitary Affairs, The Government's Jartime
¥ Legearch znd Development, 1940~k [Eilzore Committee report, 1945]
p» 31k, Another tabulation, by sppropriation act rather than by

fiscal year, is given in Legislation Relatine to the LAF Lateriel
Frogram, 1939-1944, p. 1062
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. the largest and most costly piece of scieatific appartus in the world;

a 1,200-mph supersonic tunnel; and two special tunnels at Cleveland for
! 42

. engine testing--an altitude tunnel and an ieing research tunnel, Al=
) though there were 21so many tumnels outside the NACA—-27 at englneering

schools, 10 at aireraft manufacturers, and 4 each at the AAF and the
Wavy establishments--none of them was so large, so versatile, and so
highly specizlized as the equipment of the NACA. Only the federal
government, could undertake the construction of such ecquipment and make
it available to industry and the military as a "commmuity servi.ce.“hB
The NiCAts personnel strengbh likewise grew, from 575 in July
1939 to 1,793 in January 1942 and 6,252 in February 191;5.“’ In pro=-
fessional categories, the distribution of employees in 1944 was as
follows: 27 per cent, engineers, pilots, physicists, mathematiciens,
- chemists, ete,; 3% per cent, seientific sides, computers, laboratory
assistants, draftsmen, mechanics, tool-mskers, pattern-mokers, ebtc.;
and 35 per cent, clerical and other nonprofessional workers.h's

The wartime expansion of the NACA normally had the approval and

support of the LAF, This support usually took the form of defending

L2, The %AC4: 21so had a2n "ice research center™ at liinneapolis in 1942,
Ventioned in ALG 452,1, Assignment, 6 Och. 1942.)
L3. Several historical sketches on the expansion of the WiCi in lorld
sar IT have been released to the general public: an address by
. Js Fo Victory, Secretery of the MaCi, 23 larch 1945, in Congressional
o Tecord, 79 Cong., 1 Sesc., 41568-TL (24 Larch 1945); Gaoryge ». Gray,
FTpisl by .ind Tunnel,"'in Harpers, april 1945, ppe A46-55; The
Governmenb's jarbime hesearch and Development, 1940-4h, pp. 180-BL,
314; and Miational Advisory Comzittee for Lercnautics,”" in
Journal of iApplied Physics, ‘wge 1943, pre 399=405.
Lh. Fipures from :W.Ci Persomnel Office, 22 larch 1945,
45. The Government!s “artinme jesearch and Develooment, 1940-4L, p. 181.
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NACA budgets before the Bureau of the Budget and Congress, of appealing

-

Lo the War Production Board (LPB) for preference ratings for materials
and equipment wanted by the NACA, of seeking a more liberal draft

deferment poliey for the younger technical men exployed by the NACA,

5

and of supplying the NACA with aviation fuel and lubricants, In some
cases, however, the NACA was in compebition with the AAF for men and

- materials, and 100 per cent support by the AAF was denied, Thus, in
July 1944 125D criticized NACA for seeking ihite House support for the
very highest 1TB priority for jet propulsion test facilities, at the
expense of the work of the AAF on fuel injection Nand other must pro=
jects," although earlier (in May) the AAF had supported the NACA in

getting what it regarded as adequate priorities for the construction
L6

-t

of a supersopnic wind tunnel,” Similarly, in August 1944, &S

(successor to !1&D) entered a nonconcurrence Lo an NACL proposal seek—

ing 1,000 additional civilians through the Civil Service Comnmission,

because the “only sourece" for such employees would be the AbP—wthe
47

Hateriel and Air Service Commends.

Lb. Minutes of &S staff meeting, 15 July 1944, in Y%S Development
Engineering Eranch file on "staff meetingsh; I2RD Materiel Dive,
Daily Diary, 31 May 194k4; and joint letter to WFB by Gen. IH. He

4 Arnold, Adn. E. J. King, and Gen. G. C. Marshall, 26 lay 1944,
copy in M8 file 700,280 NACA.
- L7. YMinutes of I'&S staff meeting, 26 Aug. 1944, in LS Development

. Engineering Branch file on staff meetingse

U bt 3 et A
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Txrension of ACF Tumerimentol Facilities, 1639-19L4

the tresendovs verbire expansion of the research budgets for the

MT betueen 1939 and 1944 is showm in this tabuletion, by fiseal yﬁars:l’g
1939 v 3,574,290
1980 10,050,000
1941 102,231,275
9L 92,192,615
1943 113,342,636
1944 121,647,605

These fipures are conscrvakbive beczuse Lhey cxelude cerercl funds ouch

s officer poy, btut thes do shou the trond, ISzpenditures by bhe vardious

Trigat Ficld L bworatories ond by thidlr industrial end other contractors,

listed under the throe budgetary "projzete” of xperinencel, Civilian

Pay ioll, und Z~cvice Test, aro shown in the tsble oa the followinr pare.
Tn terric of civilien and military perconasl st .rirkt Fleld the

following wre the situation during the ww years 1939-1943 for all

. i ; R
poteriel notivities, hoth experisental and producblons 4

Jivilians Officers Tnlisted llen
1 July 1939 1,759 149 76
1 July 1940 2,478 “25 10k
1 July 1941 L,851 233 £3
1 guly 1942 10,903 1,220 L9
1 July 1943 10,142 1,78 5,146

Jhnt percentscc of thic ot2ff vas enrured on research angd developsent
I z Jag
projects is not lmoyn for these yenrs; perhaps gt leust o third is a

conscrvative esbirute. In 19LL rore precise rigures are cvallzble,

k3. Dirarcs inclvde ondy amcunis ohlirated by coabract with other
povoramedt, shobe, ond doeal inchlbvtions ead yith civilian con—
fractors, 17°%D and lateriel Councnd tabwlsntions, soveriag "projects!
Hi, 72, fad 73 [<toub Lpril 194LY, in VIS file, 30430 o o
Lilgore Comittes, laber publiched by ril ore Cormzitbes, Ihe GoVerie
rondls worbiss Aesearen fad Coveloovent, 1940-44, p. 205.

LS. Yodmericl Ger. ong uisboviend Offlee, Mlistory ol Thelnboricl
Co mumd, 1924-1941," pa &=,
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Chief & Technicel Staff
Aeore<fedical Iab.
Aiwepaft Lab.
Armement Lab.
Exuipment Lab.
¥aterizis Lah,
Photographic Lab,
Potwrer Plant Tiab.
Fropelier Lab.
¥achinery & Lab. Fouipment
Buildings & Groonds
Genersl Enginsering
General naz

Bepe TOTAL

Ghief & Technical gtaff
Aerolpdicdl Lah.
Aircraft Labs
Armament Leb,
Enginesring Shops Leb.
mﬂﬁﬁﬁmﬂ.ﬂ 1=b,
atericds Lab.
Photographic Lab.
Fower Dlant Labs
Fropaller Labs
Tachnieal Data Lab,
¥achinery & Lab. Zguipmend
Pulldings & Grounds
Flight Section
Caneral Eipenss

TOTAL

Chief & Technical Staff
Aaro-tediesl T, dbe
tireralt Lab.
Aragment Lab,
Enginesring Shops lab,
Haviyment Laba
Materials Tabs
Fhoteographlc Lab,
Fomer Flant Lzbe.
Propeller Lsb.

TOTAT

+ » » Kilgore Compitbee.

FY 1540

43,6%1,155,50

2,2h5.69
323,388.59
560,113.22
257,402,301
14,083,488
81,577.34
14783,336.59
367,625.87
542,9L7.07
199,331.07
L0

21L,598,07
8,057,961, 80

Civilian

& 49,145

Ler)

280, 560
116,460
306,500
193,500
135,000

57,500
347,000

95,720

M.u@OWuWNu

23,339:91
34,336.11

62,64,8.55
2,269,£0
Sy 850475
50,8711
3l 9186
233,200,569

rperimafEat

H@mulwmgl

A mn»ﬂ&.mm
19 1943 suprt. 1942 1943 294 (ezt.)
23,871,902.02 4 » 258,690 mom.? 153,009,598 $34,105,000
L D < 7 R
2,085,174.85 _ 666,630, 7,357,211, 5443,
1,344,086 .83 ek L 661036425 3,343,618 3,435,585
2,350,360.29 184,909.53 .ru&musw.a 5,560,852 45911, 550
41450453 59,093,828 102,862 147,150
421,301,.94 167,913,684 915,030.07 566,792 525,430
5,173,833.32 61, 500,00 2,703,958+25 20,05L,793 9,323,645
1,022,746,18 2,077, 5735 1,504,689 2,806,940
993,360.14 1,207,638,65 5,185,553.89 3,378,619 2,031,000
656,255, 76 £97,027.52 809,635k 1,214,015 1,195,800
728,655 0. 1,859,232.48 2,977,033 2,115,000
58,691,913.69 3,289,017.58 81, 953,430450 95,743,232 65,554,995
Eagroll for Research and Develogment, 1939-194%
5 102,535 3 5 167,933 § 319,080 & 368,875
302,000 186,494 218,37,
389,000 524,730 T TTh 959,075
1934460 299,730 443,226 53,131
427,900 6B, 530 1,132,340 1,274,832
254,430 372,890 490,270 8h3.986
162,500 214,750 263,558 306,90k
78,630 116,730 A3,136 262,679
591,220 488,130 995,537 1,175,210
135,250 261,130 504,158 628,563
385,098 504,621
1,063,258 1,091,870
2,203,525 102,000 3,330,533 6,992,409 8,168,110
HSorvice Tegt® Exrerditures, 1939-L9LhL
8 h,703,105.00 £39,830,511..95 % 3,532,623.50 973,130 416,391,000
83,895 112,000
6,786,431.48 181,254, 70 703,635 £10,000
177,125.10 119,466,956 12,623 235,000
2,50%,241,35 2,886,010 571,913.62 540,556 250,000
3,000.57 12,500, 50,000
201,51L4.422 73,559.03 222,712 365,000
94,583.38 T19,043.66 £, 958,956,2l, 6,837,992 525,000
7;716,00 56,677 20 217,008 980,000
1k,278, 777,11 13,553, b4 Ll.b2 94506,981450 2,592,051 19,933,000

. s, Tobulation from st ind. /basic unkmomm 7, 323D to Direetor, Budget Div., (flice of o\m Jebout Oct, 1942 7, in LeB £ile, 00.430
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revealing 5,976 persons encaged in such activities, divided as follows:

Civilians Officers Enlisted len

Directors or supervisors 1e1 268 3
Professional research workers L0l 799 56
Laboratory and mechanical

assistants 1,494 1,975
Legel, clerical, and others 654 14 128

“hile only 20 to 25 per cent of the personnel were "directly involved

in creative applied research work," all were encaged in 'any endeavor

leading to the improvement of the cuality of production equirment and

changes to meet the requirements of the ever changing needs of the

theaters of operation.! In addition, the iashington office (11:%D)

included 22 officers and 2L civiliens "directly engaged in supervisory

control of the Research cnd Development Program."so

Experimental facilities werve likewise expanded, perhaps tenfold

between 1939 and 194k, In capital investment, Lright “ield's plant

grew from 10 millions in 1939 to 35 millions in Decexber 1941, and to

nearly 54 millions in April l‘?&h,sl financed partly from the research

and development budgets (see p.12l) and partly from the separzie budgets

for construction.

The 44F, relatively starved for funds for expansion

during the years of peace, prudently seized the war opportunity to build

up its permanent facilities for future use against the day when appropria-

tions again might be difficult to obtain.

The investment was about

50. 13/&D, "Army Air Forces Research and Development Program," [about

5ls

April 194L], in 1&S5 file, 7004430 . . . Kilgore Committeea

Statement by Brig. Gen. Q. P« Echols in Flying, Dec, 1941, pe 83;
144 BED Program® [about April 1944], in M&3 file, 70064430 + & &

¥ilgore Committee.

-y -
-
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evenly divided between laboratory structures and technical eguipment,

N

2
and was distributed among the variocus laboratories as follows:5

Capital Value of .right Field Technical Facilities, april 1944

Laboratory Technical
Laboratory Structures Eguipment Total
Lero Hedical 270,000 . 200,000 & 470,000
aircraft 6,100,000 5,100,000 11,200,000
Aireraft Radio 2,000,000 6,140,000 8,340,000
Armament 1,300,000 500,000 1,800,000
Ingineering Shops 2,000,000 1,080,000 3,080,000
Eguipment 1,800,000 1,500,000 3,300,000
Flight Sesction 5,300,000 250,000 5,550,000
Materials 700,000 600,000 1,300,000
Photographic 200,000 600,000 800,000
Power Flant 6,100,000 7,200,000 13,300,000
Propeller 2,400,000 2,200,000 4,600,000
Technical Dota 300,000 400,000 700,000

328,470,000 25,770,000 +54,240,000

Among the oubstanding facilities were the following, spread across the
changing map of Taright Field:53

Aireraft Leboratory

wing tunnels (both vertical and horizontal, for tests at
various simulated altitudes and at supersonic speeds)

52. Ibid.

53, Ibid. BSee also "laster Plan® of \Viright Field, in files of M&S5
Alr Installations Div.; and various aerial photosraphs of 'right
Field during the years 1926~1943, in Materiel Command listorical
Office, "History of the lateriel Command, 1926~1941,* Appendix,
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sireraft Laboratory (@&bd)

Structures test eguipment

Design and mock-up facilities for scale construction

Engineering, vibration, and other equipment to determine
suitability of aerodynamic, structural, vibration, and
flutter characteristies

Aero=lTedical Leboratory
Altitude chambers
All-weather room
Centrifuge equipment
Lnimal~research quarters
Armament Laboratory
Armament firing and calibration rooms
Gun ranges
Altitude chamber

Equirment Laboratory

Electrical test units (including test unit for very
high electrical loads})

Instrument test equipment

Fireproof room

Ald~weather room

Flight Section
Specisl concrete runways (including accelerated runways)
Hangars
Fuel systems

Materials Laboratory

Chemistry and physics laboratories
Tensile and other structural test equipment
Cold room

f=ray room

Power Flant Laboratory Fhotographic Laboratory
Engine test stands Dark rooms
Jet propulsion test stand Camera workshops
Dynamcometers Cold room

Fuel test equipment

Torque stands

Supercharging room

Calibration room

Altitude equipment

Cold and tropical weather
rooms

THIS PAGE Declassified IAW EO12958
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I'ropeller Laborabory

Fropeller test whirl rigs
Toraue stands
Vibration rooms

Cutside of .right Field were several zdditional facilitles under
the jurisdiction of the same cormand, including the experimental flicnt
test site at luroc Dry Lake, Calif., established in 1941; the glider
test field at “ilmington, Ohio, about 1942; racks for "exposure
durability tests" of coatings, plastics, and other waterials at the
Homestead iir Bese, Fla., about 19433 and the rocket test base at
Dover, Del., in 1944.

L further expansion of the !&mteriel Command's experimental establishe-
rent was in the field of radio and radar eguipment, which until Cectober
1944 was outside the direct control of the sAF and under the jurisdiction
of the 3ignal Gorps. A4ifter a long struggle between the two procurement
services,sh General Yarshall approved the transfer of airborne radie
and radar activities to the ssF, stating that he was "increasingly
irmpressed" that "the design and operation of aireraft is becoming more
and more inseparubly associated with radio and radar developuent,” and
that the latter must be "treated . . . a8 a part of the main problem

of nircraft design and operation rather than as accessories.“55 In

54. The long history of Lir Corps-Signal Corps relations cannot be
recited here. For 2 brief discussion, see draft ALF historical
study, "The Develorment of Radio and Radar Zquipment for Air
Cperations, 1939-1944.%

55, ¥emo for Cess irnold (ALF) and Semexvell (ASF) by C/3, 26 July
1944, photostat in 145 file, 30,105 New Developments Div.
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this shift the AAF inherited the 3ignal Corps facilities at uright Field
(chiefly the Aircraft hadio Laboratory, bullt up over many years adjacent
to the Air Corns laboratories), together with an estimated 195 officers,
170 enlisted men, and 1,470 civilians; the field laboratories at Boca
Raton and Florose, Fla,, and Indianapolis, Ind.; and a field station at
Clermont, Fla..5 6 Further expansion was planned by the AAF after the
transfer was effected in Cctober 194k, The research and developument
budget estimates for radio and radar work were expanded, and additionzal
facilities were foreseen., In this direction, }&3 in April 1945 proposed
"an experimental airway and associated fields to serve as a field
laboratory for the study of eir navigation and traffie control," toward
the goal of all-weather combat and training flying.57

Another expanded element of l.right Field's experimental establishment
was the gulded-missiles activity, administratively buried under the
innocuous name of "Speeial eapons.” FEver since 1940 uright Field had
had a portion of its budget allotted to remote-control bombs, and in
sbout October 1941 General Arnold had directed an expansion of the air
base at Muroc Dry Lake, Calif., including the a.ssignmen;jpzrmanent
detachment there for the testing of glide bomba, the "aerial torpedo,"

8
and controlled wing bomba.5 The materiel organization, and the AAF as

56. Ibid.

57, AC/AS, CCu&t Daily Activity Report, 89 April 1945.

52, Brig, Gen. O. P, Echols,Chief of the Materiel Div., had expressed
doubt that there would be "enough testing there [at Murocl to
warrant a special detachment.® (Zuoted in transcript of telephone
conversation, Brig. Gen. Carl Spaatz to 3rig. Gen. . $. Fairchild,
4 Nov, 1941, in ALG 311,3, Telephone Conversations for Gen. Spaabz
{bulk files].)
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s whole, were preoccupied with other more urgent develop:éiént projects
in 1942 and 1943, At the same time, the lurce test site wes expanded
and a number of projects were under way both in the AAT and the Signal
Corps, Nateriel officers were aware, like the Chief of the Armament
3ection in .ashington in larch 1943, that it wes "unwise . + » from
both the technical znd political azngle o . « to inadequately recognize
59

the possibilities that lie in developments of this nature,™ In June
1944 guided-missiles developaent was given a new iumpetus by the
specbacular use of robot borbs by the Germans, together with a growing
interest in guided missiles on the part of the senior alr commanders
overseas., The exransion of the 3peciel Jeapous Unit abt liright Iield
was approved by Geaneral JSrnold on 1l July, calling for abovt 250 extra
personnel and additional consbruction at Tright Field and abt the luroc
Air Dase; znd in September, military characteristice for various new
niassiles were established as the basis for the future development
progra.

Involved also was the problem of whether the LSAF would achieve full

jurisdietion over the program, in both its tactical and materiel phases.

59, Memo for LG/5-T, Materiel Command by Col. .ie H. Joiner, 8 Narch
1943, in LAG 380, FPrograxs ond Projects, Joiner urged more
collaboration with the Naval Hesearch lLaboratory, the NORC Radia-
tion labovatory, and three firms--Fairehild, Douglas, and Inter-
state,

£0s 532D Kateriel Liv,, Daily Diary, 26, 30 June, 10, 12 July 1944;
mera for C/AS by 13D [zbout 11 July 19441, in 4iG 380, Frograms
and Projects; and memo for Crdnance Depht, by C/AS (written by
Cnl, F. 4. Zichardson, L&l), 7 Sep. 1944, in JAG 360.2, Develop-
ment and HResearch.
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The Aramy Ground Forces, Army Service Forces (ASF), and Ordrance all
were interested in controlling development of those missiles that wers
Uoround launched!; the ALF was interested not only in "aerodynamic"
missiles but also in any that were to be used in strategic bombing;
and the 3ignal Corps was involved, since riost of the missiles would
use radio or radar controls, The problem of the signal Corps was
sebttled when its entire air-related responsibilities were shifted to
the ALF in Augrust. The alr-versus-ground controversy was arbitrated
by the Ceneral 3tuff in Septerber 194k, as follows: The AAF was to
develop all air-launched missiles and all sercdyaamic missiles, regard-
less of how launched; the ACF was to develop all ground-launched
"momentum missiles, with military characteristics coordinated by sxmy
Ground Forces, In either case, "ultimate tactical employment" was not
to be deteriined exclusively until developrment progressed further,
This division of resconsibility applied likewise to the development of
propulsion units (ram-jets, rockets, or "more conventionel means')

and control systems (mechanical, radio, radar, television, or infra-
red); but war heads, non~-integral launching devices, ground components
of control systems would each be handled by that Srmy procurement
service thut had "the basic technical ability in research," presumzbly
the Ordnance Department and the dignal Gerps.él It was a "“compromise®

arreement between tactical cormands and bebween procurement services,

6L, AC/a3, &5 Daily lLetivity Report, lb, 19 Sep., 10, 15 Oct. 1944

S s esesmmrpp——
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according to the Chief of the CC4R, Requirements Division:62

It is probably not the best that could be dene, but neverthe-
legs, it is one on which complete agreement was possible at
this time. , « « Perhaps the best way for the Army Llr Forces
to rain and hold control is to inmitiate and continuously
execute a vigorous program so that we will always be a step
or two ahead.

Zxpansion of AAF Service-Test Facilities, 1939-194k

Before 'orld lwr I service and tactiosl tests of alrplanes and
equipment were a joint function of the materiel center at /ripght Field,
and of the tactieal arm (the GI2 Lir Force), & wmodification of the
general theory that final evaluation of a product and its tactical
application should be out of the hands of those who had eagineered or
supervised the develonment, During the two decades of peace (1920-
1940) this activity, on a very small scale, was located at ilbur
#right Field, Ohio (renamed Fatterson Field in 1931), and in the very
early years (about 1918-1921) included l'aj. R, 7. Schroeder's "testing
and proving sguadron," In 1937, the GIi Alr Force sunplied a detachw
nment at Patterson Field for service tests, apparently in accordance
with a recormendation of the Bryden Board in favor of Fatterson Field,
to perib the test detachment to take "full advantege of the engineering
facilities ab [near-by] wrisht Field and the repair facilities at
Fatterson Field, and , . . vernit the enpineers at {both] Fields to

6
ke in constant touch with the tests, 3 Tne testing sctivities continued

62, Disposition slip, Brig, Gen. . Z. Gross to Col. 5. F. Giffln,
13 Zep. 1944, in I'k3 file, 30,105 !lew Developments Div.

63. Decommendablon of the Brydea Eoard, 22 July 1936, in 4G 400
(L=6=36), secs 1. For GLUAF Frogress feports on service tests,
1932-4ue, 1940, see ALG 400,112, Gbatus of Service Tests Deing
Conducted by GHUATF, Speclal Pile. Ses also ALG 400,112, Fairfield
Service Tests (March 1921-Sene 1942),
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inte 1941, under the reorganized Air Force Cowbat Coumand, and the test
detachments norwally consisted of two cowbat crews per ai.rpla.ne.éh
Heanwhile in the fall of 1939 the arpament phases of service test-
in~ began to be shifted to Zplin Field, Fla., and control shiffed from
the CH) Lir Force to the Lir Corps Poard and its recently organized
23d Composite Group.65 The site of Eglin Field had been selected in
&pril 1939 by sir Corps end Ordnance officers because of its suitability
for studying "fire control , , . and ballistic {problems],”" and the site
was resarded as superior o any of the irmy's reservations elsewhere in
the United Stetes, including Wright Field, Ohlo, Aberdeen Proving Oround,
td,, Cscoda, Lich., and others. E£y liovember 1939 the 23d Composite
Group was conducting its first armament tests there, involving the
P-34D and P~360 and the ZP-37; and in August 1740 it begon its first
bonbardaent tests., Cnly armament mnd air ordnance tests were under
consideration when the site was originally selected, and even 3s late
as Nay 1941, when Eglin Field end the 23d Jouposite Group were reorganized
into the "Air Corps Froving Ground,” the new directive defined the test-

ing mission only in terms of "tactical tests of aireraft armament and

S Memo for C/LAF by C/AG, 25 July 1941, in AAG 400,112, Tests and
Experiments (filed under 11 Sep, 1941). Ixactly when service
testing ot Fatterson Field was abandoned is not known. Various
proposals were made for retaining the work there, including a plan
by J. ll, Fiale of the Materiel Division in august 1940, See RSR,
Chief, 1D to Flans, 10 Aur, 1940, in &AG 400,112, Tests and
Ixperiments.

65. The discussion in this and following paragraphs is svmmarized,
except where otherwise noted, from data selected from Froving
Ground Command Historical Srench, "hHistorical Cutline of the
Proving Ground Command," especially pt. 1, pp. v, viii, 16, 20,
23, 31-32, 40, 64-65; and pt. 2, xppendix 4, ixhibits 5, 6.

THIS PAGE Declassified IAW EO12958




This Page Declassified IAW EO12958

ALFHS-50

its accessory equipment."é6 Furthertiore, the appoinbiment of one of the
Yateriel Division's top-ranking awmament officers (Col. Grandison Gardner)
to head the organization in 1941 esphasived -glin rield!'s armament
mission; and in general there was an awareness in the air Corps that
armament was the bipgest zap im the testing progranm.

At the same time, however, ever since lovember 1939, the 23d
Composite Group had undertaken some nonarmament tests, and by the end
of 1941 more than half of its projects were oubside the field of
armament.ég Ultimately the more inclusive function covering all air
materiel was acknowledged when the ir Corps Proviang Ground was reorgan-
ized into an LAF command in April 1942, lHore than half of the nearly

1,500 test projects undertaken at Iglin Field between late 1939 and

66. Directive of 20 May 1941, in PGC Historieal Branch, "Historical
Cutline," Jan. 1945, pp. 39-40. Simiarly on 15 September 1941
the Air Corps Board issued a lé-page "Program of Accelerated
Service Tests of fLircraft Armament and Lccessory Equipment!

(copy in AFSHO and in 4AG 400,112, Test, Development work)e

67. The need for an armament proving ground was underscored in April
1941 by one of the Air Corps observers in Eagland, laj. John G,
Loore, who recommended (presumsbly on the basls of his observa-
tions in Imgland) an "Aircraft Armament Froving Ground" devoted
"solely" to that specialbty, "entirely divorced from other
activities,” and manned by iir Corps and Crdnence personnel, See
Yoore's final report to G=2, 11 April 1941, in Air Intelligence
Library, U, 5.-~9545. The Materiel Division (Lt. Col. F. C.
Carroll, Chief of 153) likewise dealt entirely with armament in
Murging'! such a Proving Ground in a study on 24 4pril 1941; and
the air Force Combut Uommand (Brige Cea, C. .. russell} concurred
in the proposal on 12 July 1941. Ses Hq, lateriel Command file
on CTI~190,

68, lost of the 23d Couposite Group's tost reports, progress reports,
and related correspondence of GCALC headguurters in 1940 are filed
in ALG 400,132, Test, Developzent l.ork, and in AAG 400.112, bulk
files-

- LA M-It oy
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February 1945 were concerned with the operational suitability of alr-
craft and of air equipment other thun armazent and ordnance.

The wartime expansicn of facilities for Yoperational suitability"
tests ab Zglin Field was comparable in extent to the expansion at
wright Eield.7o In Cetober 1940 the field itself was vastly enlarged
by the acquisition of the Chectawhatchee ational rorest adjoining
Eglin Field, followed by the constructionof special runways and
several auxiliary filelds and ihe building of special hangars, labora-
tories, and administrative buildings on the reservation. Allotments

to undertake this construction were as follows, by calendar years:

1941 Wk, 142,936
1942 €,428,769
1943 2,456,300
1944 3,224,675 (to 30 June only)

In addition to ils facllities at Zplin Field,7l the Proving Ground

59. See Proving Ground Command Historieal Branch, "Index and List of
Service Tests Lcbivated at Tglin Field (1939-228 Feb. 1945),1 2
vols., in AFSHO. This valusble reference manual is a curulative
historical list of all FGC tests on airplanes and other materiel,
1939=1945, showing test number, title of test, and completion
date or otbher disposition. It is arranged zccording to category
of materiel or operaticnal bechnicues, and is supplemented by an
exhaunstive analytical index to specific materiel nomenclature,
cooperating or other related agencies (s.g. Lateriel Command,
Navy, NDEC, the British, manufacturers), and sone tactical and
other subjects,

70. K separate historical study on the facilities of the Froving
Ground Command is in preparation by the PGC Historical dranch.

7l. See also "Tentative Program for Master Flan [of facilities] of
Yglin Field," 10 Lpril 19443 map showing 'llaster Flan, Lglin
Field," July 19443 and vorious photographs of the field and its
facilities; all in F3G, “Historical Outline," Appendix & (Lxhibit
63), Appendix D (Figure 13), and Appendix C, passim.
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. Command (PGC) was also piven jurisdiction over the Cold .ezther Test

Detachment and its facilities at Ladd Field, Alaska, in August 19423

L
ph ™

v ¥

and o speciasl climatic hanpar ab Zglin Field was under construction
late in 194k. In October 1942, PCC detachments were slso estazblished

at the Ordnance zond Chexmicul ..arfare ~roving grounds at fbsrdeen znd

Zdpewood, ld., Jefferson (Hedison, Ind.)}, and wouthwestern (Hope, srk.);

and later, debachments were assigncd to other similar instellations.

tions set up at Orlando, Fla., beginnin- in 1942

Still another group of service besbins faeilities estzblished

during the war were those belonging to the tactical development organiza=

T2

The Lir Deflense

Board (about larch 1942) and the uchool of .pplied Tactics (ovenber

. 1942), reorganized in October 1943 as the Tacticul Genter,73 were all
E o

concerned primarily with developing tuactical doctrines for the euploy-

- ment of aircraft and air weapons, but the operational testing of specific

- equipnent was inevitable if operational doctrines were to be foruwulated

effectively. .hile "materiel tests® at Crlando were not specifically

authorized by any formal directive until June 192;1;,,7“ a large number

of the projects were on the performance of equipment, chiefly equipment

procured by army supply services other than the s&F

> such as the Signal

Sorps, the “uartermaster Corps, and the Corps of Zngineers. & notable

3.

The
754

See draft AAF historiecal study, "The Development of Tacties in the
ALFMs and histories of the J4F Board and the Tactieal Center, in
pregaraticn.

A5F Regse 20=14, 12 Mov, 19423 20-lbi, 22 Dec, 1942; 20-148,

26 Feb. 19433 20-1h4, 2 July 19435 20-1k4, 8 Oct. 1943; 20-1hs,

12 Nov, 19433 20-144, 30 March 19443 and 20-lL, 5 June 1944,

aiF Rege 20-1%, 5 June 194k.

ALF lieg, 20-1k, 21lJune 1944,
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early exwuple of this actlviby was the work of the Air Lefense Soard
and the Fighter Command Jchool at Crlando in July and lugust 1942, in
testing experimentel models of & lipht-weight aireraft warning and
fightcr conmtrol system, intended for use ia the Jorth African landings
that were to occur the following Hovember.76

The testing activities at Qrlando, together with the operational
suitability tests at Eglin Field, were all controlled by the AAF Board
in terss of jurisdiction between testing fields and priorities among
projects; and the ALT Board was in turn subject to the staff supervision
of OC& in hashington.77 Duplication and overlopping betweea Zglin
Field and Crlando were thus made more preventable; a further step in
this direction was to place both of then under a newly designated RALF
Center™ on 1 June 1945,

The relation of these two testing establishments, however, to the
Flight Test 3ection and other test activities of the hateriel Command
was not so clear, To remedy this, one of the elements of the plun for
an Initial Fostwar iir Force, under consideraticn in April 1944,
proposed that .right Field's flight testing be merged info the Froving
Cround Comsand, 1u&D doubted that such a shift would "coabribute to
rapid and effective tesi" and proposed instead that the Flight Test

Sectbion be established as a separate command coordinute with the

76, Draft ;AF historiecal study, "The Uevelopument of Tmctics in the
LEF ," ppe 40=42, 52-534
7. LAF flers 20=-20, 26 April 19LL.

THIS PAGE Declassified IAW EO12958




This Page Declassified IAW EO12958
...

AdFHI-50 i35

. Froving Ground Comumnd; that both be assigned as subordinate commands

under lateriel jur:i.so‘l:i.c’c.:i.cm;78 and thiat the flight tesi organization,

i
TR

the facilities of which were admittedly "inadequate," be "strengthened!

and perhaps moved to a "new base specifically for flight testing."79

*

L1

2 In the proposed ALF reorganiwation in Cetober 1944, no disposition of

the problen was made.

* The ALF and Cooperative Research, 1I40-194J

The [4F and DACA experimental facilities described above, together
with their industrial end wniversity contractors, necessarily constituted
the largest element in the wartine establishment for aeronautical research
and development. At the same time, however, there were other military

b . and civilizn agencies whose experimental facilities aad contracts were
vital to the development of air materiel, chiefly in the non-aeronasutical
types of eguipment. Hosb prominent among these agencies, each with its
industrial and university contractors, were the llational Defense Research
Comritbee (MLDHC, after Junc 1941 sn ageney of the Cffice of Lelentific
Hesearch aand Development)s the Javyls Bureau of Aeronautics and Sureau
of Crdnance; the Iational Bureau of Standards and the Civil Aeronautics
Adwinistration; und the following nrmy supply services (after 1942,
branches of the irmy Service Forces):

Crdnance Department: bombs, rockets, guns, anu aucunition, as well

as pround-force ordnance;

Chemical ‘.arfare Service: special ordnance oueh as incendiary
boxbs, as well as ground-force ibems;

78, Liemo for Chief, D by Col. i. C. ilson, 15 April 1944, in L&S
file, 18,100 tiisc.-Gen.

79. llexo for ilaje Gen. Os Po Echols by Col. J, F. Phillips, 3 July
1944, ia &5 file, 30,109 Coumittee on 4AF Development,
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. Signal Corps: radio and radar eguip.eat, both air force and
round force itess until the transfer of alr-related
devclopment to the 4aF in Cebober 19443

¥ Corps of lngineers: airfield construction equipment, crash
y trucks, etc., ac well as ground force items;
- suartermaster Coyps: air rcations, flying elothing, and other

speeinl perscnal eguip.ent, as well as Jround force ilems
and itezs ecmuon to the eatire army.

the warbime resvarch iwporbance of these agencies can be roughly estimaled

by refercnce to the total research expenditures of each of them between
' 1939 and 1944, tabulated below, compared to the expeaditures of the Af

and the IACGK over the same periods

} AAF 118,755,020
HACA 95,005,703
035D (ineluding NDRC) 347,855,830
3ignal Corps 168,808,378
Ordnznce Department (Army) 172,775,914
Chermieal i.arfaere Service 20,391,720
b . Corps of rn~ineers 34,612,072
ruarternsster Corps 2,946,586
- Yavy Buresu of leronautics 171,335,326
J Savy Bureuu of Ordnance 109,067,8%
hationsl Burezu of Standards 31,117,000
. Civil Leronauties Administration 3,2K7,628
I'ne research expenditures of most of these a-rencies covered more than
alr materiel projects, of course; in almost exch case these figures also
ecabruced round force eguipment, noval mabteriel, and equipment common
to all the srned forces, 5till other federal research arencies, such
as the Forest Froducts Laboratory of the Department of Apgriculture,
conbributed to the solution of AAF problems. In the conversion of the
) federal scicnmtific establishment to war, there were very few agencies

that did not directly or indirectly affect the na?. 3y 1944 the entire
federal government was spending about 600,000,000 annually on wartine
research in the physical sciences, compared to only ..250,000,000 spent

in 1939 b, federal wnd privote upencies for both war and peacetine
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research. ohile this expoansicn does not necessurily demonstrate that
the utilization of the natlon's scientific resources was complete or
"total," it nevertheless mives some indication of the conversion of the
scicaotific resources from peaceblme pursuits o the development of
weapons and obher war esuiprent,

In.addition to the laboratories, testing stations, or proving
rrounds poinbeainsd by each of these federal arencies wiere the industrial
and university lsboratoriss thot were conducting war research for them.
The relative inportince of iIndustrial and university resesrch in each
wreneyls proprean, compared to the apency's own research activities, is
rouginly shown in the tabulation of expeaditures by each apency on the
fellowing pugcs

In the vust govermusat-industry-university cooperative enterprise
sugeested in the sbove stabtistics, the one new element in .orld .ar II
experiwental webivities was the work sponsored by the Lational Defense
Hesearch Coumdbbtee; all the other agencies were peacetime establishments
axpanded to a war casis., The Hu&ﬂeo was esbablished in June 1940 with
white House approval as an ewergency agency to "eorrelate and support
seientific research on the mechanisms and devices of warfare" and to

"aid and supplement the experimentsl and research activities of the lar

gl
and lavy Uepartments.” The wording of this directive thus acknowledged

80. ‘Hxecept as obherwise nolted later, the source for stat<nents on the
NLHC is ibide, DPPe 216-26.

381l. Council of llational Defense order, 27 June 1940, in Federal
Repister, 2 July 1940, p. 2546,
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. the network of existing Lruy and lavy facilties both to conduct indepeadent
research and to guide, review, and test the research done for the services
by industry and obther nonmilitary scientists; but at the sawe tlwe inplied
tout the ubilization of industrial and wiiversity research facilities was

"__‘" far from complete., The origins of the HIRC can probably be traced to

civilian scientists outside the Zruy (chiefly Rush, Compton, and Conant)

rather than to any of the military ajencies, In fact the Air Corps,
and probably other supply services of the army as well, two months
earlier had opposed a plan for a similar orgenization, the Air Corps
arguing that the existing coordinating bodies were "adesuate! and that
it preferred "direct" collaboration with industry and the universities.82
Cne factor in thisszepticul sttitude was the traditional direct relation~
ship bebtweea the sireraft industry and militery seronauties, a more
intimute eivil-miiitary relationship than that existing between industry
. and either the yround or naval sres, The Air Corps, together with the
JACh, by 1940 had already pone farther toward seilentific mobilization
bhan any other ar., This special air situation was recognized in the
!ILURG directive (quoted above), waich specifically excluded the liCA
snd its’problems of flight" (aerodynamics, structures, and propulsion)
frem the work of the new commilbee,
CUnce the NLAC was established, Alr Corps headcuarbters saw in the

. newy oreacy an opportuanity to pursue scientific research on 2 number of

vy

noa~ueronaubical problens whose solutions were vital to the fullest

22, 1st ind. (4G 321 "NHational Cefense! (3-11-40), 14 lsrea 1940),
C/.C to TsG, 11 April 1940, in ..\G EOOe112, Tesh, Vevelopaent .orke
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effectiveness of «ir operabions, Coiacidentally, in June 1940 the

air Corps' own experimental progra: wes suffering from the frantic

demands for qusatity production., General Arnold Massured” the Chief

of Sbaff that the research and development program would be deferred,

znd supgested thut some phases of it wight be transferred to "some

other governmental agency," presumably referring to the new KOZC.

Shoptly thereaiter 2 mmber of scientific problems were subalited to

the 5LURC by the iir Corps: five of them in July «nd 20 in august, in-

gluding the baffling question of bombing-through—overcast.83 Lajs Be e

Chidlaw, the newly sppointed “IDHC liaison officer in the Adr Corps, in

submitting these problems, recognized bhat some of them were Mabstract,”

but sclmowledred that the TLAC might be able to "disclose imediately

liliely lines or phascs of iavestigations overlooked by « « o the LXper=

imental inpginecering cection, . « o laberiel Division." e further

invited the LUKC scientists to visit .right Field laborabories "ab any

time! and promised them the Lateriel [ivision's "wholehearted cooperabion.”
arignt kield officers in 1940 were sieptical, and 1t was some months

before LDAC projechts were accepted as & normsl phase of the ilr Jorps

experinental program. Yaj. Fo Os Carroll sad Cupt. H. 2. Bogert suspected

that NIDRG projects would causc Mconsldersble duplication of the work

already under way with the lational Advisory Copmittee for ieronautics,

the Jationzl Surcau of Staadards, znd the FHational scademy of Seiences";

doubted that the :LAC Mecan do uny nore than is already being done by

83, Laj. Be .. Chidlaw to Dr. Vannevar Bush, 5HDGG, 22 July 1940 and
22 hugz. 1940, and CTI-113, 18 Oct, 1940, all in 246G 400,112,
Test, Developuent .orke Some of thess projecis were later shifted
to the LALCAL,
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Y

. existinz coordinating bodies”; and predicted that “piost of the work will
finally wind up at .right Field and that [meanwhile the iDRC] « « » will

be taking a great deal of [iright Field] time to bring a number of

)
L

. people up-to-date on what we have already done.“sb when HDEC officials

#intimated" to Alr Corps headguarters in HNoverber that .right Field was

withholding "conplete information” in some cases, the Yaberiel Division

in vashinrton reminded the field that the !DRC had the perscnal support
of the Fresident zad the Chief of Jtaff and had "access to certaln
[hite Housel funds which are apparently not governed by the conventional
tine-consuming rules snd regulations which generally are necessary in
. o o AYTY contracts."85 Furtherzore, one :DRC activiby, the microwave
. radar work at the lxassachuse;tts Institute of Technology, was already
showing results. Lajor Chidlaw observed that it was "moving along in
- high gear and « o « obtaining results and equipuent far beyond that
. which might normslly huve been expccted had the iLir Corps and Signal
Corps been forced to handle this through regnlar development <:i'1a.nnels»“86
Skepticism ultimabely disappeared within the Air Corps. Instead of
complaints that NIRC scientists were taking the time of .right Field
officers, Air Corps complaints arose in the other direction, that NDEC
officials did not visit right Field enough, that they were inclined

to remain in .ashinrton and "coordinate" at long distance.87 The

el,, Wemo for Technical ixec., LD by Laj. F, 0. Carroll, 2 Nov, 1940,
. in AAG 400,112, HDRC {filed under 25 Hov. 1940).
- 85, ! emo for Technical Ixec., ¥ by Lai. 2. L. Powers, LD, 25 Nov,
1940, in ibid.
¢6, emo for Col, O. P. Zchols by laj. B. W. Chidlaw, 14 Dec. 1940,
in ibid.
87, Interview with Laj. Gea. O Pe IZchols, 11 Nay 1945
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dependence of the HAF on ’F.he UG for cerbain of its nonaeronautical
rescarch became so greab that in 3eptember 1944 the ALF protested at
the "premature” JDRC plans for demobilizing sowe of its projects at the
ead of the expectcd +urly collapce of Germeny. 7The 1AF, uniike the
RLRC, plenned "no sharp reduction [of its resvarch and development
program] + . « Unkil the defeat of Japan," and by the end of 1944
prepared to toke over the more "promising! projects that the NDRC had
spon..‘:;:)red.&3

The NORC was a new ageacy in .orld .ar IL, bub not all of its
procedurca were new, In fact some of them weore not differeat from the
Arzyts: the UDAC negotiated contracts with universities and industrial
firms, much as the iray didy it wonitored the progress of the research,
and kept higher echelens informed, just as the Arny supply branches and
rateriel centers didy and the subject matter of the research vas both
puare and applied science, all directed toward wartime applications of
scientific ideas. Unlike the Army, howcver, the !DEC had no lzboratories
of its own for conducting independent research or for testing the results
of its contractors; and NUAC's contracts were financed under "no profit
no loss" contracts rather than under fixed-fec or percentage-fee pro-
visions. A4lso unlike the Army, the IDRC and its subdivisions were
conposed almost cntirely of eivilian sclentists temporarily recruited
from private positions (437 of them were not salaried, as of spring 1944) ,

wnereas the Army's cxperimental establishnents (for example, .right Field)

28, 148 Vateriel Div., Daily Diary, 2 lug., 12, 21 Sep. 19443 wnd
V&S Dadly Activity Report, 9 Sep. 1944, @ll in A0,
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were composed of pernanenb personnel, both military and ¢ivilian, as
well as soue Heserve officers tesporarily in the Army, many of them
distinguished in ficlds of aercnautical engineering and mest of them
comnaring fuvorcbly with the eguivalent technical personnel in industrial
and academic institutions., The chief eontribution of the (ITdC to the
develorment of air weapons was to yive an extra inpetus to the ALF and
the other irwy braaches working on air weapcns: the izpetus of additional
Aite House funds in 1940 and 19141,89 and the icpetus of additional
scientists, chiefly in universitiecs, many of whom were not accustomed

to dealing with the Army until they were mobilized by JIDREC officials

wano "gpoke the seme lanfmare,' Cnce th. specific scientific projects
were established by the IldC and properiy allocated zuony the available
uaivorsities cad [ime, the JAF and other lLray braaches coaceraed
qssigaeg_liaison officers or project officers to follow the projects,
and the services received regular progress reporbs on each project.

lloest of these projects, totaling 978 for the period frou June 1940 to
Yuren 1944, represented probless submitbted by the Arny «and davy ratoer
than projects undertaken independently by bhe LG, OF these projects,
about 125 were sponsored by the ALF, and 500 by the obher supply services
of the .=y Cervice Forces, the latbter including of course many of primary
intercst to the LAF. By December 1944 the Sruy's active projects vith

the NoiC totuled 239, including 79 for the /Al and 220 for the LIF, the

39, ‘The HEaC was supported entirely by , hite Louse funds in the ¥.Y.
1941 (6.5 rillions), but only partially so in 1942 (9 out of 32
millions). Other of its research funds during 1942, 1943, and
1944 came From Congress (233.1 millioas), the .&ar Lepartment
(50 xillicasy, bhe lavy tepartaent (5h.4 millions), and the Lend-
Lease Ld.dnistration (4.5 millions).

Lo -
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labber including 32 sponsored oy the Signal Corps for the A.F before

the Signal Corps sair funcblons were transferred (in Cetober 1944) to
the AﬁF.gO

imong the other resesrch agencies was the lavy Bureau of feronautics,
which had its experimental establishments at Fhiladelphia, Fa., and
Putuxeat, ld., providin: still another source of research and develop-
went for the iiF. Unlike the LSF and the NDRC, the Juvy's relationship
towurd the JLF was, of course, cowpebibtive, Both the SAF and lavy
maberiel ceaters were developing meny itess of alreraft, engines,
armasent, bombing equipuert, and other apperatus thet were similer if
net ideatical as to tactical resuiresents and uses., aside from the
lavyls special eouiprent for carrier-based airerafi, most of its ejuip-
rment was, after gll, cocrmon to amilitar, and naval zeronauties., Coviously
there was duplication of effort betwesen them, in spite of the occasional
assertions to the contrars by cither or both of the arms. The responsible
LAF officers usually denied, not that there was duplication, but that

91

there was "“unnccessaryt duplication of effort,”™ and the two research
and developzeat prograns were freguently rationalized as o desirable
situation ofpaurallel development® nob unlike the independent research
conducted by two or wore scientiusts on the sase iden, or the independent
design of a bomber by two firas (Yor exanple, the Boelng B-17 and the

Consolidated B-24). The "bogey of duplicotion® in scientific matters,

the cllegation that the *duplication of esuipueat and effort is in itself

§Js kSH, 1L to 1ES, 5 Uec, 1944, In 4G 334, Goards « o s sdoCe
91l. HiR, Supply Division to Col, Carl -pastz, 27 July 1939, in a-G
4004112, lests and sxperizents.
.
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evil snd wasteful," was atbacked by Col. Curl F. Creene, the AoF liaiscn
officer abt the [iCh, as follows: "aumcst all [seieatific] findings,
concepte, and opinions « » » aTe conbroversialty two or more laboratories
nra7 well contribute to the unolesome sad necessuly ProCess « o o of
checking and questioning the teachings of the orijdnel investigators”s
and the "right of research apencies to serutinize wnd disagree with
cach other's work is as valucble la schieving selentific Bre Pe.d e
is freedon of speech informing public <:~p:11r:i.t:rn.“9;i hebner tils theory
wes also o fach, as between bihw Lrmy «nd the Juvy, cuamnot be definitively
evoluabted here without speeiric analysis of the history of the various
puberiel projects involved, successful and unsuceessful. Une estimate
by the Lureau of eroriubles, in Februacy 1942, could cite only bhree
materiel develognents bhat had resulted from ouch divided air forces:
the aircrafb-l.unched torpedo (lavy), the dive bowber {ltavy), and the
neavy and medinn cowbers (Lray) were cited as exauples of Vprogress
that mipht not have beea realized from & oingle air force.“93
qatever bie serit of these clsius (and each of the specific
exasples mirhv be debated), thu two erperiuental estoblishments did
aob zelually sork entirely independently of eaci other. Joint consulta=-
tion betwocn bhieo was COMIMON, including periodic reviews of their
regearch wnd developmeat propraas, in 1939 as in 1944; joint conferences

in alh cosmittee deliberations, & standard proccdure that dated back

92, l'eno by Oreene, 30 June 1944, in LAC 34042, Development zad
Tiesesrch, filed under 11 July 194k,

93, Lero for O/LAF by Terp fdviral de He Towers, Eile (8T, 14 rFeb.
1942, in MG L52.1, Production of Alrerafi.
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to the very besinnings of the (0L in 19153 and the systen of lialson
officers exchanged by ilhe two moteriel ceanbers, a practlce that
appareatly bepan in 1939.?h Tne Wavy was pretably more oggressive than
the L.F in pursuing this liaison. Thus, the JAF had only a single full=
time officer with the Surean of Aeronautics (Col, John He Szms); and
while his reports on .avy developments were freguent and informative,gE
11D and .right Field were "fregquently « » » oriticized for lack of
liaison," especially at llavy tests ab locztions other than Fhiladelphia
and E—'atuxent.96 The Mavy, on the other hund, carefully atiended rost
4F mocksup inspections and tests; stationed over o dozen permanant
officers «t practically all of the laboratories and units at ‘right
I'ield, provcking one comment thab every AAF project officer had a
Have officer "breuthing dowm his neck™; and in lweust 1944 took steps
to copy Lhe plans and drawines of rany of ripht Field's test facilities
for use in expanding its own naval air materdel center.97
The ..AF was opposed to formalizing this collzboration with the
tlavy to the cxtent of throwing its research and development program
together with the llavy's into & committee that mighi tend to remove the

AP from direct conbrol over its own meterdiel activities, Thus in 1940

vwhen the avy sur-ested that very procedure--u proposed joint subcomxitiee

9Le Swe GULC O.0, 10-L, 14 June 1939, in MG 300.6, GCAC l'emos, dusbered.
95, L&D Vateriel viv., [aily Uiury, 2 June 1954, in JF3HO.
96. Scme of Col. Sums! reports are in sAG 330, frorrats and Frojects
(20 tay, 20 June, 24 Jdov. 1944), 380.2, bevelorueot and Lesearch
(12 Cet. 1944), and 000,71, Interviews (30 Sen. 1944).
97. lewo for chief, Uapineering Jiv., by Bu. Ler. easral representative
at _.a}", 23 é.u{i. 191&&-, in {ATSG D‘r-lr5l2, f:;‘v;f.
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of the . Ci~=ib was ceolded by tow oir Corps for abdicating, in effect,
its basic responsibility for military reouirenents and tzeotical evalua-
bicnss the Arry and Davy "sheuld [not] azdmit thut the pressure of
business mehes it necessary Lo transfer to o third wrenceys [the job of]
coordinution vetuwcen us"; the existling Army-lizvy lislaon system “can
keep the two pro;raus inberrabed without oubside non-military helpa”

It was Air Corps opinicn that it was the tocticel recuirements, kmown
oaly to the wray wad the Havy, rether then technical linmdtations or
seientific froatiers (the nrovince of the LJL) that must determdne the
projects and priorities of the research and developoent prograws; and,
finally, thet bhe Javy proposal "would place in the hands of the HACL

¢ combrol ovor noval mnd military experimentation never intended by

the acts estublishing and evpowering the HLCAL with aviation experimental
authority [and] » o o nob o o « L0 the best interests of our two
services.

Hor was any other peruenent or ad hos wartine coumittes appointed
to canexol biiv army aand Havy sir programs for researcn and develomaent.
The Joint Chiefs of Jtaff, estibliched lote in 1941, did not assume
Jurisdiction. They dald, however, set up a Cozuittee on lew ..eapons
and Douiprent in 1943, but it was more a device to bring the civilian
head of the ILAC (Ir. Yannevar bush) into the strategic councils of
the high coumond than a meuns of reducing the prerogutive of the LiF.
Furtheraore, the comndbtee's functions were largely advisory and iis
acbivities appureatly did not sericusly afilcet the direction or emphasis

of the ALE prosras.

8. lemo for agur sdmiral J. He Towers, Bue Sers, 25 Ceb. 1940 {draft),
in AAG 40,12, lests cnd ixperiments,
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a

Jithin the .ar Departrent, the fnF's rroving autonomy after 1939
had repercussiong on ils research and developn.ent propram. The CGeneral
staff, which had earliee in the post two decades adversely affected
(for exasple) the developawnbt of the heavy bouber, had no appreciable
iniluence oa the develorwent progsrau after 1939Y. G-4 hud no represenbae
tion on che Lilner Eoard in 1939, and only & junior officer on the
Leoons Zourd in 1940. To aupust 1940 G-k wes pivea staff coatrol over
all Mdefense projects! throurkout the .or Departueat, inclvdiag develop-
rent, rrccureseat, and supely of wateriel; and in Se teaber & uireciive
reqinded the supply services that the Chief of _tiil wnd L1z deputy were
resgonsible for "the coordination of the functioning of [ rescarch and

99

develonueat] wiencles” throuphcout the | or Departsent. The corresnondence

aod obher records of G-4, however, revesl little concern or inlerference
with the LJAF prosrac by hisher authority after 19!.;0.10o Soon General
arnold, Chief of the fir Corrs, beeaue bepuby Chicef of steff for Lir,

a move that was syavbouatic of this proviap autonexy. Thus, in Mepruary
1941, wien the Seersbury of the General Staff soupbt to revieu the Air
Sorps researcis and development prosram by cskinge for comprehensive data
on rishb Fleld projechs, Geperal .rnold halted the review with the
cuery, "“wioce whea did the ndyr Corps cease to te & port of the .ar
Beparbuent?™ Lad Laj. Gen. Ge de Grett, bhe newn Chief of the air Corps,
ordered the Lateriel ulvision to "file awa, und forget" the General

%

99¢ .0 32242 (7=29=50;, 6 fup. 1940, "Defense brojects,” in 106 320-
3g1-3%Lak, Lutionsl Defeqse; a1d 4G 32042 (YmlO-b0J, 14 Sen. 1940,
"Soordinstion of Hesesyrch and vevelopwent o « «," in J50G 400,112,
lesbs and xperinents.

100. See =k cuse files, and index to them, 1921-43, in 46U .ar Jepbe
accords Branch.
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Staffl request.lOI The budpet secbion ol the Ceneral Stufl likewlse

tended to lose its policy-zatin-~ functions with resreel to the LAT; in
July 1941 thnc Yoberiel ulvision was able to prepare ils revecarch and
developuent budget independeably of "the lons drawn oub rignarcle of
coordinution with the Ceneral Btaff.“loz After 1941, toe budgets

pregared by the LAY temded to survive substantislly as they were presented
to the General Steff. By 1943 Coneral Ltaff zctivities affecting research
and duvelopuent began to be revived, with the establishment of a iew
sovelopnents Division in Juzast l9h3,103 essentially the reappearance

of the research sad developnent secction of Geh, Its directive wus

vorded in very co prehensive and all-inelusive terms: "bhe innovabion,
developaent, wnd spplication of mew weapons, devices, aad techalques

of Ldlitery vidue," subdivided iato eight larpe functions apzoreably

10k In

coverkla: every phase of plaaning, sugervisios, and contrcol,
wetual practice, bhouever, its chicf funcbion seems Lo have beea to
sather informcbion on the possibilities of uncoaventlonal weapons not
yobt secuptud tueticully by either the ground or wir arms, such as long-
reone cuided missiles (both air-l=unched and ground-launched), and

to arvitrate conpetition batwesr those bacbical and procuresent zms

sesirinr to oblzin a portisa of the responsibility for developing aad

applying such WoULONS.

101, MG ACOL11h (1-13-41), 5 feb. 19413 seno for Col. Orlendo lard, Sec.
of @03, by Lai, Gede He He orneld, 11 Feb, 19415 cad nototion by
Brett bo Oris. Gen, C. Fo Schiols, 19 feb. 1941, wll in LuS Levelop-
wenb Lovslacerins EBranch file on .0 Fro wan, FJL, 1941,

102, Iater-desk wmo, Lb. Col. B. .. Chlulow to brir. Gea. Ul Y. -chols,
B July 1941, in Lo Duvelopuent onpinsering oraach file en LD
Frograri, Fele 1942,

103, .0 Circulor 333, 15 fus. 1943,

104. 'ewo for Dircetor, KID by 3/., 13 uveb. 1943, copy ia il Develop-
went Dacloeering Branch file, 3J.105 GLU3 end D General Couacil,
wAnutes, 22 rfeb. 1943, pe L, 45 Cebs 1943, pe 1 and Unclosure "L,
ead 1 Love 1943, pe 8, 21 in .0 337, Joafureaces, bullr filess
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Beyond the Geteral Staff aand the lavy ond thelir changing relation-
ship. bo the ASF reseurch end developuent programs, there cocaslonally
were abberpts, during bhe course of the wur, to ssbublish a "Scientific
Hiva Comzna intended to expedite the "cooperative” development of
new veLpsns for air, rround, wd naval opercbions. Juch proposuls for
federal-vwide coordinating bodiew were not puculisr to the wer period,
but during «arbtice bhey were rore frequent.

Jibhin the Lar Productioca foard, for exmiple, there arose in
Juse 1942 a proposal vor o -3 Offiee of Technological Develcpuent, to
Mgbilice bhe ceiwnbiflc rescurcesof the counbry « + « ond bo investiyate
new processes, devices, aad ildes.," all "in ccordiaation with" other
covertmeat ageacics. Lo Ju¥ representuatives were presest ol the hearings
on the proposul, bub objections werc registered threurh the ks slreraft
Braach uhich echoed, in effect, the opposition of the ({if. . Je
Lurustine of thet branch opposed the move as (1) sheer duplication of
the work of existing apencies, including right Field, the UMCL, and
the 10xC, and (2) "an interference rabher thun a help in speeding the
use of new develoments in the aireraft industry." st the sune time
a ubional Resources Flanning oard witness (Dr. sobert Lelgh) agreed
bhat asroauwubics necded no rore "cooperstion,™ since acronsutics wes
one of tvo or three fields of seience "where cooperaticn and reseurch
bebween wovernonent ana pri%ate industry is very well develOped."los An

expansion of thls proposal caxe to the attention of lLateriel Command

&

105, Irzaccript of .FB heuring, propurcd "for record" by u. J. sugustine,
5 June 1942, aad seat to Shidlaw, 20 Cet. 19423 in 1::3 Levelop-
ment Tneineering oradch £ile, ToUW430 o » o fil-ore Couidtiees
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Headouarters in Septevber 1942, when a \FE enployee——a

Senior Frogram Procedure fnalyst (whatever that is) came wandering

into my [Cols 8. u. Chidlaw's] officc one afternoon and started

o ask a lot of rather vague and disconnected cuestions as to now

we handled developrent problems, how we malntained liaison with

outside research agencies, how we did this and that, etcs; « » »

it was cuite apparent from the vague type of question asked thut

he s not very sure of his rround and since his very ambigulty

rmade me derned reluctaat to put out too much, I started doing

most of the cusstion asking ryself.
The PB employee left a draft of the propesed directive with Colonel
Chidlaw, zad vhen General _chols saw it the next day he "hit the ceiling”
and wrobe a merorandwn to the Unawr Secretury, castigating the proposal
on several pointu: bthere was alroady "too mmuch coordinution; "the
surest way to throttle [aercnautical developmeat]l wus to seb up aaother
Bureau in .ashington to sother it with conmittees, programs, neetlngs,
priorities, and direcbives"; and the .r3's new prerogative would persit
the (¥8 bo "dircet! rusesrch wnd development, to "coutrol the time [ the
noment of standardization] waea improvesents in mililaury ecnipzment will
be introduced into the production line,™ and to prevent the services
from initiating any research project "without & certificate of neeessity
from the FE -“106

e .ar Production Board proposal, vhich was not widely publiclzed,
was chortly sdlhdravm b, Uonwld Uelson, FB chairman, beczuse of the

interveation of the Under Zeerctory, bubt mecnvhile o gimdlar proposal

w45 placed before the Z-aabs b, seastor Harley L. Hilgcores The direcstive

105, "Inforaal! rie.o by Chidlaw on Yback history™ of _enutor Lilgore's
propozal for an Offico of Technological lobilization, 10 Cet. 19423
and reno Tor Us . by LDehols, 26 dep. 1942, both in 148 Develop:eat
Lnpineering Bronch file, 700,430 . o . Lilgore Cowrictee.
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of his proposed (Ifice of Jec'mological lobilizution (CIL}, erbodied in
bill Se 702 in Juruot 1942, was sirdlar in langusge to the . FE propasale
The arged servicws, iacluding the A.F, gencrally opposed ib, on prounds
such &5 those cxpressed by Colonel Cnidlaw the conth before. Likewise
ok of the spokesuen for industricl wnd wniversiby scienbists opposed
it, tat vdlh rore eoticnul aad less reasonuble phraseology, including
warnines of Mresicestation,” of the destruction of "freedom and the
copebitive spirit,! and of "tobalitarian pow.urs thal should be en-
trusted to no husan beings.“lo? In faet, cone of thelr arguments, that
the new (T7 would impoce centralized control over seience, conbradicted
somo of the army argusests, that the ¢ would reszult in divided and
eonflicting conbrols, Ca bhe obher haad, a {evw advecates did support
suaabor Tilrore, locluding a union of scleatific workers, Butler orothers
(jobbers wio dealt largely with suall firms), @ minoriby of seicentists,
srnd Henry J. nalser and ¢ fen othor industri.l e}:ecutives.l03 br,
Yamnevar bSush, the dircctor of bthe Office of welentific Huseurch and
peveloptent {(iaciuding the ULLC), whose position was of course threztened
vy the bill, upreed that wartime "eeatralized control® was necessary oub
ariued bhot thizs was slready belinp accomplished Lhrouvh the JJUHG's

. . . . s . . s \ 16
Minely meshed aschinery of Lr.y—lavy-civil scientific relations,

107, Statewsats resrinbed in Jeience, 7 Uay 1943, pp. 407-12, A426-87;
14 Day 1943, op. L32-39, L42-L3, 510-11; end 4 June 1943, pp.
502-393 ~#nd Journed of Lpplivd Enysies, lay 1943, pe 203 wnd July
1943, pe 311

102. Hearinzs » o+ o 3. 2721, Cote=Dzc, 1942, before the Lilyrore
Uoncdbbee, esnoclally ppe 215-22, 234, 509, 5133 ond dew York
Tices ediborial [obout Loy 19431, repriated in Science, 24 lay
1943, pe 423,

169, Bush bo dilrore, various publie letters, reprinbud or sweaarized
in Seienge, 31 Dece 1943, ppe 57277,
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. Tae T point of view townrd such a seientific hirh command was

110
expressed as follous, by Colonel Chidlaw, in Ceteber 1942: "there

H

N is too much so-culled tecoperation!'; "we are ubout to be killed with
- kindness and cooperction--ie ure slowly being helped to deathi” und

¥ ig Tar ss oy ovn job is concerned, I now spead aboub as

mich time ccordinatine and cooperatine as I do petting

sone actuwl constructive workt done. In o1l honesty, 1

do not see (unless they btuild up to a tremendous organiza—

tion) how they can expect to keep wbreast ol the rapidly
. ehearing rllitary situsticn oad provide us with this
superior ejuipsent they prowise, unless they heve within
tie show a ndlitary cuc-division asbowt as lerpe &s the
exisbin: recearch and develogment set-ups unow found in
all the ssrvices, To us, ib would mean just one wore
coordincting phuse, wnd since it would be the hirhest
phase, would preseat aore trowole than all the rest added
togetncr,

L5 to bechnicol personnel, there were no sceieatists and speeizlized
B 2
porsonnel aveiluble in sercnautiecs to handle sueh work:

- + « » WR hove just dbout everybody that amounted to anybhing
in the tiehnologieal aeronautical world already corralled

. within the confines of our own control, that 1s, within the
Latericl Command, the Duresu of Leroasutics, the [ali, aad
the ascroncablesl industries in greneral. . o » unless the
rechaological !‘obllization Corporutioa took over the above
orgonlanbions in entirety, o lepse of developrment conbimaity
is incvitable and one which we simply cannct afford at this
tine ripght in the rmiddle of o war.

Ine Lilyore proposal eventually expired, aftcr being revived in
1943 and 1944 in other forus. MAF control over its owa development
propran was probobly never seriously tnreatened; and aside from the

- burden cn the LI ia warsheling dalz for the committee, an incidental

- 110, "Informal mexo" for Srig. Cins J. Z. legers by Cole 3. oo Unddliaw,
- 10 Cet. 1942, «nd "mero report for record® by Chidiuw, 12 Cct.
1942, both in L, uvevelopuent Lnpineering Zruach file, 7024430
« » «» wilmore Comnittec.
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benefit miht hove seerued to the Jaf's Tne oo .ditbee and ita proposals
and testirony probubl, did serve as @ "padfly” o1 the [AF and the othner
procureseat services.

Yore isrortaank than a hiercrchy of inbcrageacy conmitbess was the
basic, sinple, cooperutive charzeter ol acroaauticnl recsecarch aad develop-
aent, previously described, with cxperinental cetivities appropriztely
givided inbo (1) busic or fundienbel research work, haadled oy the SLCh,
by oducabional institubicons, ad cecusionelly by obther povernmeatal
irborntories; (2) experi:vbal developient, wb .right rfield, by the Suvy
furecy of aeronuubics snd b icdusbrizl finas; {3) apolied developuent
4t the wwaufseburer's plunk, with the use of Pecuwaity facilitles” like
the (4G vind tunmels; .nd (4) test wnd zecepbunce work, haadled
ultimabely by the "buyer," that is, the L. or the .avy, with occaslonal
beehmiesl sdvice frea the 730k znd perhaps the Sivil .aerossutics Ldoinistra-
tion, This hiotorically ccasistent structurs sad practice tppeured to be

ag velid in 1944 os ia 1939,

LoF Teehnicsl Gollikoralion witn the Lllies, 1929-1945

Tt yas irericals covbined Loy, :hilh, industry, cod university
selentilic est.blishoents, descriked above, thub developed virtuuwlly

DR

all the airplanes snd Cir weapaas used by the AAY combab forees during
Lorld .or IT. b the sore tine, bhe AT resecrcn cad development progran
both appreeinbly influwnced und was infiuenced by sidler or paeratliel

seientitic rork on aercasutics rolng cn coacurreally in bhe several

Allied nabtions durdag bhe wer.
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Scienbists Por senvrations if aot for ceaturies had proclainved
that scicaece zal Lechnolog, mow no natioaal frontiers. In actual
practice, however, the interastionul cxchange of scleatific ideas
throus hout history had becn comething less then corplete because of
barriers of lanrungce zad distances, notionalistic senbiments and policies
of particulur seientistu or seleatific yrroups, nutionul policies of
rarticular poveramenbs in ar wnd pewce, asticasl pubert policies, and
cartels and other ccumercial and indushricl upreements which, wille
they ray have been "internztional" in some asp&cbs,lll may actually
have restrictud aprlied seleace to particular proups or ilndividuals.
211 thess are fucktors to consider in portraying o more realistic palbern
of internationul scledce, wnl in understandiny and appraisines the extent
to taleh techaicol wata vere exchanred beobveen bhe A8 aad foreign wir
forcess

Colluboraticn betweea the srmy Jir Corps oad friendly foreign
covernments in  orld .ar IT followed sueh o putbern of international
technolorical relutions as suggested wbove., Historleslly these exchanges
g0 baclr at least to World .ar I. Ia 1917 and 191¢ the Sritish and Freach
supplied ‘merica with design dabi on its combat wirplaass, a contribution
which in the urorerate vas deubbless jreater thon the ceroncutical ideas

112
supplied to thea by the United Sbabes during those yearse Alter the

111, Cartels, it may be arpued, are inlernationnd wireenents in the
gconge thut purticular firms in two or core countries have an
aprevment for the exchuare of cerbalin comodities or services;
7ot tha exebinge is aetually restricted €0 those flrms and zay
indecd be at eross rurposes with policles of their respective
nations.

112, Gec pp. 17-18, this study.
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srmistice of 1918 the official cxehenge of technical inforwstion between
the Aray oir ara cod foreipn air arms nonully went througnh the sysben
. . PN 1 N 3 s
of imericen ilitary attsches, who were duly aceredited to foreign
povernneats by the Stite Uspurtment. The technical reports on military
. - . . . ‘o .y .

weronsutics written b, Jrerican cdlitar, ottaches, as well us s

- . 1 . _ 1 X 113 _r
pilitary sir zibzchos end naval ctbaches, iere volumiacusj but their
guality wnd usefulaese to the Lir Corps varied according o the degree

L. N . ilh os .
of enbtree into forei,n establisiwents, the cbility of tae observers
to perceive and understead the eaginceriag problems involved, their’
avcreness of the innortence of sclentific facts to the developuent of
lzericaa air power, sad the .ctual vtilization of foreign technical
<y s . s o 15 .

data by wright Tield enpinecrs and frerican indusiry. The inexperience

of junior officers or the indifforence to asronsubical developsents on

113, Llost if not all wiliteary sttaché reports for the period 1919-1939
received by the Airdorps from abroad through G-2 are in the files
of the former (3.0 Inforwmatica Division, aow in custody of AFsHD;
copies of reports on airnlanes and air cruipment ure in the
Technical Duta Library snd in the ceatral files of Headouarters
LGS, wripnt Pleld.

114, Thus, in 192k z MeCook Field official stated timt both Great
Britein cad the United Jtates had taken steps avainst "permitting
wmeabees of each country to obtuin any informatlion [ from the obher]
relative to uireraft developmeat.t (J. 3. Johmson to Frof. Jasper,
University of Illinois, 18 July 1924 [abstract], in 5T.0 360402,
ieroasubicel Problams, 1928).

115, The Ghief of the .#perimental waginesring ection ab yright bield
complained in 1939 bhut no one wds specifically charged with
obtainiag wnd dissumingtiar such inforcetion within the 'ehberiel
pivioion. ouile the fochalcal Late Liorary received all these
documents und Ufiled! the:, thelr dissecinution and wiilinstion
wau apparcally inadequate, Xeriples of these problens in the
ficld of korber turrebs ore discussed in the dralt ALI.0 historieal
sbudy, "Fower lurrcts."
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' - ] -
. the part of soce ol Lhe dlitery abbuches were rectified ia psrt by
. speeded sir Corps ndsslons bhel oceasionndly were sent o Lrore, dne

cludin - btie trips by Brig Gen. illiaw i, {ibenell in 1922 and J'age e ule
6

e o

Fo.ers in 1936.1l In July 1922 the iir Corps, sware that speclal

¥

missions aifht be norc suceeasful thun routine® mllitary atbache
obgervations, sount to sead such o nission, to be hesded elther by

the Chief of the Air Corns or his rankiag assistaat, to visit the
“principal serorgutical rlane, enriae, and eguipuent ranufacturing
coboblishzicate in sagland, France, Cernamy, and Ibaly”; bubt the plun
was vetoed by hicher authariby,ll? .nether or aot as 2 result of this
restrictive policy, the stute of hir Corps lmouledre of forelign pateriel
wau inadesuete when the dilner Boerd esrly in 1939 was deliberating oan
5 five~goar research and developrent prograx for the JAr Gorpss. Lls

: recosrenantions, the Chiel of the Lir Corps later stuted, could rely

. . . - 11i8
. only on "thecretical coaclusionst as to forelra aviaticne

116. Sew La}. e e Fowers, Visit of D Xeprzsentative to Lurope,
Sove 19356, in n430 350402, Zesearen wad Developreat.
fo ¥o wrirht, vhile he went to Iurope in 1937 &s « executive
of the Curbiss- rignt Corporaticn, ncvertheless made nis report
available to the Air Corps. (See his report, ¥ob. 1937, in Alsc
340,02, Oboervation of fireruit in Yoreim Countries, 1937.)
There were probubly other missions as well. The Ongineering
Vivision ina 1925 (see ibs innual Leport, 1925, pe 35) urged the
‘utrost isrortance” of seding enother rdssicn like the Iitehell
mission to wrope, to cbserve and study "the seronauticusl industry,
) experinentsl and reseerch luboraborice, zad the operabion of the
Swropean sir servicel gl
117, Letrospsebive corieat, in mewmo for /3 by “'&j. Gen, H. H. srnold,
* 2 Jun. 1940, on "Urgent llecessity for niir !dssion .hrond,” in
hnG 334-8, Misolions.
118, TIbide It is arpzreat that the weskest portion of the Lilner
Zoard revort of !'sy 1937 is in ibs choracteristies churts for
foreirn airrlanes. See pp. 28-29, this study,




]
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At the same tine (1939), the Lir Corps vas no%ing availuble much

advanced teehnicsl informatica to friendly foreign rovernuents, especlelly

to carlaad and Fraace, By an increasingly liberal foreign 'releasc golicy”

from 1938 to 1940, soze of the labest Army airplanes and esuipment were
being turned over for production by [nerican industry sad szle to

. . T = o - .
foreirn purchasinTg COIMALSE1l0Ng. This policy was consclously planned
sad excoubed loos oo a mesns to encourage the exchange of technical data
with poteatiul Mllies than Lo stimulate the lmerican eircraft industry

< o vmnaa 12O
and to help fortify the illies.

Yot the Alr vorps saw in the release
roliey zn opportunity to profit by the experimental earineering of
foreizn poverrments aad to use foreign betbtlefields as 2 Uproving
spround," in effcct, for testing Americnn-developed airplancs and sir

. o
equirment.

cdithin o putter of days after the oubbreak of the Luropesn vur in

Sepbembur 1939, the Air Corpu siain soucht to send special observers

119, Sae .eroncuticol Bourd, "ovtline of Folicy o » o for the .clease
of iiceraft . « « fOor Sxport and LDosectic Sele o o o™ 23 sugs
1939, 1a :ue Jo Lyon project rccord kock lics 15

120. The various "foreirn releace" polic, documents rarely mention
reciprocal exchanre of technicwl data. Cne sroy-devy Tunitions
Bourd Gloerance Cosmibbtec direchive of 1 vecezber 193% does, how-
ever, wcknouwledse bhut aupuet of foreign release. See LG 334.7,
Boards, 7 isc.

121, Leeture by Laj. Cen. He . iraold before Jrmy Industrisl College,
23 T'eb., 1940, copy in AIC Library.

- Likeidse, waen the Lead-Lease bill wus belny considered in
Juanary 1941 to reploce thic foreign soles policy with a policy of
cutrignt transfers of Lir Corps esulpnent to the sllies, the
Seerobary of ar exprossed the hope thut "4s a by-product® the
Uniced Jtutes rad SJ1llied mabtions -ould lL.orove each others' alr-
plones aad esuaisment aad "eouolne the bust results of the
exnpericnce of cobth ocurculves wnd the obher nauions,"  uoted in
JLC mimmbes, 2 Loy 1941, tnd in oo for ib. Cols Ze L. Fovers
by Cole Jue de Lgon, 29 Lureh 1941, in MAC 032, Legislation,
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. abroad, this tive to Lhe suae four countries 43 well as to Folande

Leain thc Sdr Serps wes rostralned, fhle bime by tne foreign covernments

' 1722 . .
X themselves, which now refused porndscicie Latur, in January 1940,
. the Lir Corps Leain scurht to sead missicas abroad, one czch Lo the

->

»

United oindon and to Geraany, euch to be headed by an air Corps [eneral
officer. inw saszion Lo Gemeny wao obvicusly cub of the ouestion for
poliblczl reasons, kb the fritish {frow thut wonent did aed it various
Lir Cores cboervers, o uader verlous miscioas revcined in .ayland
threushout the cabire "dercase period,! G well es duckng the "ar
periodt after Penrl Eorbors
Loonr sll the L1lies wad rotential A1lies, the critish were atb
. cnee the stronsest technologically and tle most clescly wssoclcted wibth

123

bhe United obabes duriar the wzr on resesrch nd developnent matbers.

- 122, l.emo for O/ by Goa. sraold, 2 Jand 1940, in faG 334.2, licslonsa
fhe Sritish Air Linistry sbout five weeks earlier (26 July 1939)
hud, houvever, invited the Chief oI ths .ir Corps "or other sealer
officers representin~ hiz to cone to the Lnited .ingdem to study
its wlrerafb desien, performance, ararent, arwor, tacties, aad
employnents (Ibide) .aat action waze tuken by the Alr Corps or
the Goneral buff on bhls invitation is not known.

123, 4As to the obiber prineipal 21ly in Jurcpe--the UsS.l.a.=-bhere was
ver; Littlc exchensu on exrerimental projects during the war, as
of ovurber 1944, ror exanple, AG/LS, Intellirence stated that
Leernnical dota in the ALT on Soviet cviation was "limited to those
[aireraft] cetuslly in opurational use " (Lewo for U.o. Vilitary
Vigsion, loscow, 30 Jove 1944, ia #4G 36D.2, Levelopneat and
weozaren). ‘Tnere ware several wnlusions froa both sides durding

. the v, nobaoly the U.S, 3.0, teshnicdl rizsion in 1941, wnich

inupietbod the L-L70 and F-25543 the sovict Government rurchising

Cormiscion, wileh had wccess only to production wodels; Vaj. Gena

follett Braclesfs trip to bhe U.sSeo il in Jeptesber 1942, when
. he suw procucbion iters only; sad aa lal misslon on seromedical
aobters, wwoub hay 1944, uvoudtless neither nurt, revecled even
all of its production modele of alrvplines cad epuipzent. Tnus
the unerry berb sight, for exaiple, wms beiny withheld from the
Uodeodie s dobe 4o ovesber 19423 the riason yivea was thob AsP

. production wzs not enough to supply coven all of the LaFle bonborse
(Miexo for 155 by G/8, Letericl Command, 17 .lov. 1942, in &G
350,05, Lilitary Iafomution,)
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Behind the many technical delegations and missions that were exchanged
with the AAF lay the influence and stimulation of the political and
military consultations between President Roosevelt and Prine Mnister
Churchill, beginning perhaps as early as 1940 and continuing throughout
the war, notably at the Atlantic Charter meeting in August 1941 and the
successive cenferences in Washington in 1941 and 1942, and at CQuebec,
Casablanca, Cairo, and Tehran in 1943 and 1944.

The earliest and most profitable iir Corps missions to England
were those headed by Lt. Col. I, C. Eaker and Maj. Gen. Delos C. Einmonsl?’l‘
in 1940, on aircraft and air meteriel and tactics in general; Lt. Col.
Grandison Gardner and Maj. F. 0, Carroll in 1940, on amament;le
iajs Ae We Marriner in 1940, on radic and radar equipment; and Maj. Gen.
He He Arnold in 19&.1,126 on turrets, jet propulsion, and other aspects
of air materiel and tactics; In July 194l Alr Corps technical interests
in the United Eingdom were made permanent through the Air Officer of the
Special Observer Group {SPOBS), the latter having been set up to plan for

127

ulbimate participation by the U. S. Army in the European ilar. The Air

Technical Section set up under ETOUSA in Julyl942, concerned with following

124+ Brig. Cen, Ceorge V., Strong, wWDGS, War Plans, and Maj. Gen. Delos
C. bmmons, GHJAF, "Observations in Mgland," 25 Sep. 1940, in Air
Intelligence Library, Zngland 3000,

125. Report by Gardner and Carroll, 1 July 1940, in ATSC Library,
Doo/232; cited in ATSC historical study, "Development of Aireraft
Gun Turrets," Chap. 5, n. 24.

126, Copies of General Airnold's cablegrams on his migssion in April 1941
are convenliently filed together in AAG 311.22, Cablegrams,

127. CeSe (47) 13, 15 July 1941, prepared by British Joint Staff
Mission; and cablegram, AG to London, 23 Oct. 1941, in AG 21).99,
Liaison Officer (9-16~41).
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the progress of the British research and development program rather than
with war planning, was headed first by Brig. Gen. A. J. Lyon and, after
Lyon's illness and subseguent death back in the United States in December
1942, by Col., H. C. Bunker who arrived in theEI0 in February 1943. Under
various organizations in the Zuropean Theater of Oper.-sv:t:'Loms,128 the Air

Tecanical Section functioned continuously from 1942 to 1945, and its key

" personnel included at one time or another some of ¥Wright Field's best

engineers, including (in addition to lLyon and Bunker) Cols, Benjamin S.
Kelssey, Ralph P, Swofford, Howard 1. NcCoy, and Frederick R, Dent.129
Wnile the Air Technical Section was the AAF's permanent liaison
office in the United Kingdom on research and development matters, addi-

tional special delegations were from time to time sent from the United
States, Notable among them were the missions of Cols D, G. Lingle in
19425 the mission of Brig. Gen. B. 1, Chidlaw, Brig. Gen., Grandison
Gardner, and T, P, uright (of the Aeronautical Resources Control Qffice)
in Mareh 19141;;130 and the delepation of AAF and industry experis in

September l9l|-h.131

128, From 10 July 1942 (GO Yo, 13, Hq. ETOUSA) to 21 Feb, 1944 as part
of ETOUSA; in 1944 and 1945 in US3TAF. The Air Technical Section
was transferred to Air Service Command-USSTAF by GO No, 19, Hae
EIOUSA, 21 Feb. 44, and redesignated the Directorate of Technical
Services by GO No. 10, Hq. ASC-USSTAF, 1 March 44, D and
Materiel Command vigorously opposed the step as a move that would
deny the ATS the “"greater freedom of action and freedom from inter—
ference" and subordinate this research and development function to
the operational function of supply and maintenance in the European
theater. HMinutes of L¥&D staff meeting, 14 Febe 1944, in H&S files,

129, Gen. He He Arnold Yo Gen. Carl Spaatz, 3 July 1944, in M&S Materiel
Div, file, 18.100 Misce=Gen.

130, Chidlaw's "personal memo? to laj., Gen., O, P, Ichols on his visit
to the United Kingdom, about April 1944, attached to memo for
AAF Board by Col. R. H. Macklin, 17 April 1944, in AAG 333.1,
Inspection, See also MED Materiel Div., Daily Liary, 9, 14, 22,
29 Feb,, 9 March, 6 April 194k4.

131, M&D Materiel Div., Laily Diary, L Sep. 1944

g
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. Supplementing A\F represeatation in the United Cingdom were other
Lmercican missicns, notably the Londen Office of the federal-wide Offlice
of Ceicntifie Zescarch and Develon:eab, from 1941 on, which collected
voluminous Files of bechnical reports, broadly on zll rhases o research

. 132 .-
cround, sad naval; 3 and Jdwerd . sraer of the

L&)

ad developrenbe-zir,
Civil Jeronmutics coard, 1941 and 1942, wio was concerned especially
with cooperution on acredynaudcs research bebween the a0h and the

133

Britivh ejuivaleat orpanization.
Teamiiile Dritish ailr wiosions were bolng seae rociprocally to the

United .lates, besinaing before 1939 and continuing under various

orpanizations to tho end ol the wer in 1945, 4s already mentioned,

there hud been since before 1939 & <ritish purchasing mission in the

®

United wbates, nepobieting with the aireraft industry cad the kir GCorps

for the purchase of production rodels of irmy slrplaces. Liter 13 Sep-

tegber 1940 this rission, rencned the British Furchasing Commission,

wao officiully represenbed in the Mirmy-lavy-Iritish lurchasing Commission

Joint Lireralt Cowdtbee,? which allocubed production eapucity sumong the

three clairant sir wervices {irmy, evy, aad bribish) aad rosched

wreerents for standerdizing production models of egireraft and equipcent

. . - 134
that micht be of corwmon opcrationzl vee to sdl or sc.e of theu.

132. Lists of roct of Lhese report., aand copiuvs of sany of thew, are
filed in .ie ILobkelli~eave Library.

133, .arner 10 Oe e L83ds, Wla, 23 .pril 1941, in JaG 35163, Leads
peave Aid (£iled under 12 June 1941)3 cad araer to D. Ke Iye,
Director of Seientific iescarca, =ritieh Linistry of .irerait
Eroduction, 3 Feb., 19,2, nad reply by Fye, 13 rebe, in LaG hUoe112,
Test, Develogrent .orke Ine Uaba dlso ubbe phed independeatly to
npick the bralast of the _ritish throurn inguiries via bthe wilitary
attuch® in Loadon. 3ee IuGh, "List of cucslions subnitted by Lila
for Lilitury ‘thu.ché, Loaden," 7 Uec. 1940, in Adr Inbelligence

. Library, magland 90303 and sirilur List dubed Zo Hove 1940, in
ibid.

13he LTath ...F historical study, “‘utendurdizatica of Jir ’abuiriel,

1939-M, n Chh-p. III +
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The ostandardiz.bion work of this coaxitiec, reanued the Jolink
Lircraft Cewzittee (J2C) inm Maren 1941, soon becer.e concerned with
experiueatal 2ad service~lest cirgplunes s well oo WAth produclion
sodels, Lo oecrly o dusush 1940, b the laple-fiericaa conference sb
Weiht Ficld at vhich the L0 was planned, «ll pirbies acknovloed.sed
the urgeney of eadining the lesoons beins learned fron Beitich combat
crporience with the techniesd advances bolog node by ~ucrican
wreorisental encinesrins, and of iroalny oub in advence any L07lo-
swcrican diffuruaces of oplnion ae to choructeristics of nes weanons,
in order thit Wrorve watually saticfactory alrplanes|could kel mode

135 .
w135 T Po wrirht, represeat-

avelloble bo bobh ecouatries in the fubure,
ing the receatly establiched Jobionudl Jefuaze Ldvisory Coomlssion at the
confereace, urped, in the interest of ocderly production expiasion,

bhai the oboodardizaiion o such future nodels be wiesdited by riving
the Bratich "bBlaagket spproval” to visit the experirental enrineering
departuents ln any .rericun plants (except with resrect to those planes
or accescories thut sd it be spoeirieslly exempted) and to fly or be
Tlown in such service-developed zireraft for purposes of inspectbing
thedir charactcri:sbics.w6 Toe Chief of the liberlel Livision provised,
in comnecbion with o progosed insrecebion trip by the Eritish to vuriocus
weet Coast plants, to calie techniesl dubu wvailsble ot lesst on all
production codels, and offered to send along ra Lir Corps represeatative

in ordex "to milre certain bhat thore w2 no reticeace on the part of the

135, lhnuates of arogy-lavy-Sritish-.DAC eonferesee, 37 fug. 1940, in
Se Je Lpon project recopd book Loa 3.
136 llemo by Te Fa wricht, 7 Jur. 1940, xhibit "F," in ibid.
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R . 137 X
manufacturers in diccussin~ | etandardization] issuss,” Tne inspection
brip wos rmde ond the fritish found it of "sore value," especially in
conflrming arens thonselves the need for using smerican rether than
British typee; bub Lhey complained of bue ozission of oxperinental
developacabe, "Muiich wre lndispearable to decdding vhebher the i proved

. . , - pk3e L . .
r.odel will be scceptuble to [theu]. lae Lir worps, on its side,
was rendy, L0 plve peroission to the sritish to insnect plunes, mock-ups,
gneeificavions, druvdnga, reporibs, and obhur infomation on such
dovelopnent projecty as pressure cubins, self-sealin: fuel tenks,
turbs—supcrchargers, bonb-rack ilastallations, and power turrets, 2ut
wspeelally with respeet to turrets, the Lir Corps ashed for the release
by the Jritish in turn of corresrordin~ datu on their own frazier-~iash
139 i : ‘ :
turrets; and yvitn respeet to botbsichbs, the 'lavy, vhich controlled
the grocurenent ol the lorden irodel, was not vendy to make the releace,
Cn & Sepberber 1940 & peneral inforaticaereluase polic, was transcdbted
to the Tritish by the “zr Denartrent, coverios these sxcepticons but
othervise including "1l deba ond secess to all rock-ups and physieal
wrileles o o o ruculred for Lne Sritish-lrerdcun nutusl airnplane
. L1460 . .
production yro rase” anoar the developmental grojects soon Lo be
inspeobud wuo the ZB-29 louz-rance bosber, the mock-up of uhich the

k1

s - . - 1
Eribisn wire invited to inapest in Loverber 1940,

137« wiport by Te Fo oriphd on confereice of 43 du_e 1940, in ibid,

123, lleno [for Luteriel Div,?] by Dritich Furehesing Comdscion
Labouv 30 e, 19401, in ioid.

139 ladi, Intellijcence Live 0o LU, 20 sure 1940, in ibid.

IOe Mume for S/u oy Conief, LD, 10 Sep. 1940, in ikide

1ol Linubes, Joint Lirerafb Corzittee, 14 Love 1940. as of Jephbember
19L0, hovever, no B-2%'s were wlloccted to the Lribish by the
lunitions Aseirmacnt Soord of the LUJ,
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veatuelly bl proceus of wockeup incpection was the stage in the
developrent ef -~a «rilele of equigp.ent ab whiich the ritiszh were reaerally
called in for the pur.ose of "wdvance sbradardizaticon." Tae decision
in favagji;ia procedure wos sade wvarly, in 1241, ofter tue lateriel
wivisioa hecrd & runor bool bBhe Sritish were pleanin_ Lo ask persdssion
to parbicipote in ewrlier pre-shondardization phases of bhe research and
development p:r'»::g;rs.m..lh2 The ratoeriel Division arsucd thub the wock-up
sbupe wws the eariisst conent al hleh the British cupnt to be aduitted
to a given rienbt Fleld laborstory or industrisl plant. Any earlier
aceess, the bivision stated, would endanger the Arsrican research aad
development pro;rax &ad prejudice it in faver of weapsons "peculiur to
e » o 0 ceralicns o« o o in vestorn Durope, vith o conseguent decresse
in develop:eabal byres suibed bo cur oua rarticular problems,” presumably
prebleis of fnture Tacific and wesbern hemlsphere operations.lhB This
lea was upheld by Gengral ‘raold, then Jdepubtys Clief of Ltaff for lir,
wno declided in Pzren 1941 thst Jarslo-serican "standardization as we now

14

intorpeet 1t 3311 sbuard aiter rockeup,” Sriblsh udvies wed rocou onda-

tiens, ne cbaied further, should be obbained "z early? la Lhe develop-
wezatuld gbire Mae Thls Aafercatlon can o oblalned Trew thes,? and the

"aotuel sboadordizebion” should ceeur "during: thu rock=up shapo when

Lhn. lemo Tor oPlr. Cels Us e 200l 0 tide Ze we uwnilcduw, 25 b
1941, in JA0 ACUldlR, loueenrch wad Dwvelopaent Fropran, Fedefs
A=43.

143, Twid,

j_" Y :_‘.C:l':) I‘QI' I.JJ. Gf’;nu C. Mt Jrﬁtt’ b!f I:«;’.j. GQ.". 1":. 1:. :amold,

11 Luren 1901, In JoG L00.113, 4 eseereh snd Uevelomrent iroprux,
Felaty AW A-43,
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the mock-up of a particular type is available, nih5 In August 1942 this

procedure was formalized by being added to the revised precept of the
JAC Subcommittee on Standardization.lhé

The AAF remained constantly on the alert to insure that its research
and development program would not be interruped by special British needs.
British attendance at mock-up inspections was again and again questioned
by various staff sections of AAF Headquarbters during the war. In June
1942, for example, the Directorate of Military Requirements scught to
remove the British from this standardization process because the
"British will, in the future, receive only a limited number of aircraft
from this o::cmrxt.r;;r.":w3 This proposal, intended for the Joint Aireraft
Committee, was withdrawn because of Yrepercusslions" at higher echelons,]'w
but it probably did influence the British to agree, in August, to give
reciprocal privileges to AAF officers in the United Kingdom to participate
in the "parallel® standardization of British-developed materiel.lso In

145, Memo for Torking Subcommittee on Standardization by Recorder, Army-
Navy-British Purchasing Commission Jeint Committee, 17 March 1941,
in JAC file on Subcommitiee on Standardization.

146, Hevised "Pracept of the Subcommittee on Standardization of the
Joint Aireraft Committes" [about 20 Aug. 19421, in ibid.

147. For example, ILt. Col. E. H, Powers, AC, wrote from London about,
January 1942 in admiration of Britain's research and development
program and added: "If we don't give our [experimental] projects
high priority, they [British] will have designs developed and we
may have to build them," MD Memo Report IXP-M-50-630, 12 Jane
1942, "Research and Development," in ATSC 360.2, Research and
Development,

148, Statement by Col. M. E, Gross, representing DMR, in SC3 minutes,
23 June 1942, Item 17, in SCS minutes files, Vol. 8.

149. Minutes, SC3, 7 July 1942, in ibid,

150, Nobt until October 1942 was this reciprocal privilege established,
however, presumably after the mission to the United Kingdom by
Col. D. G, lingle. See SC3 minutes, 27 Oct. 1942, in SC3 minutes
files on case 3000,
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. Angust 1944 the AAF attempted to abandon mock-up inspection procedure,lsl

an obligue move presumably to eliminate the British, if not the Navy
as well, but apparently no action was taken. In Hovember 1944 a
decision by the Joint Chiefs of Steff permitted each service, such as
the AAF, to disclose technical datz to an Allied nation "only" when
such information could be effectively utilized by that nation in
prosecuting the current war.lsz This couwld have been used to exclude
the British from inspecting virtually any projeet in an experimental
stage, since it was doubtful whether any research and development
projects still in the experimental stage in November 1944 would reach
the combat stage in Burope in time for the end of the German ware
Actually it was not until after V=-J dey that the Joinbt Aireraft Committee
was abandoned and its standardization and moekw-up inspection work was
- returmed to its prewar status as a joint Army-Navy operation rather
than as an.inglo-iAmerican problem.

In addition to British participation in the AAF's standardization
and mock-up evaluation activities, various other British missions and
delegations appeared from time to time in the United States to visit
the experimental facilities of the AAF and industry and examine and

gather technical data on experimental projects, Late in 1940, for

. 151, Memo for SCS by AC/AS, V&S, 29 Aug. 194k, in SCS file on case 3000,
“ 152, Memo for Col, A. G. Bunker, AT3, by Col., J, F. Phillips, M&S
Materiel Divs, 6 Dec. 1944, discussing J0S Policy Memo No. 5,

28 Nov, 1944, released by TAG, 4 Dec. 1944; in AAG 350.05, Military
Information,

S i e e S R T it L
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example, & general scientific mission, originating in earlier negotia-
ticns between President Roosevelt and the British Ambassador in

lashington, appeared from England under the leadership of Sir Henry
53

1
Tizard. The Tizard mission was introduced to a number of Air Corps

154

seientific problems, which apparently were taken back to the United

Kingdom., Tizard!s stay was only temporary; in part it duplicated the
155

work of the British Air Cormission, Lfter his return tec England a

Eritish Central Scientific Office was set up in Washington to route
American technical reports to England and to disseminate British
technical reports to the services and scientific organizations in
‘.:il.'s.lflingi:.on.:!'56 There were still other Bribtish scientific delegations

in the United States during the m.157 Even "pretty women" were said

0 have been used on one occasion for furthering technological relat..‘..ons.u8

153. Memo for C/AC by Lt. Col. Ira C. Eaker, Exec., OCAG, 28 Aug. 1940,
in AAG 337, Conf, Misc, This memo lists the Air Corps representa-
tives assigned to work with the Tizard mission.

154. Memo for Informaticn Div. by 1D, 9 Sep. 1940, in AAG 350,051,
Disgsemination of Information.

155. Maj. ¥. E. Gross wrote to kaj. A. J. Lyon, 10 September 1940, that
the British Air Commission had "no love' for and "little coopera-
tion" with the Tizard mission, and that both worked "at times"
independently of the British Embassy in Washington. See A. J.

Lyon project record book lo, 38,

156. For example, see 3D to British Central Scientific Office, 1 Aug,
1941, in AAG 400,112, Test, Development Work.

157. For example, see MD memo report, "Six RAF Pilots Visit Viright Field
£30 Oct. to 3 Nov, 1941]1," 10 Nov,194l1, in Air Intelligence Library,
.8, 9570 hirplanes™; and account of extensive visit by N. EZ. Rowe,
British Ministry of Aircraft Production, to U.S. aircraft and
engine plants, June 194k, mentioned in MM&D Materiel Division,
Daily Diary, 19 June 194k.

158, With respect to the Norden bombsight, a Mr, Congrieve of the British
Vinistry of Aireraft Production stated (to the American military
attacheé in London in February 1940) that he had been instructed by
a "high menbert of the British air staff "that as he [Congrieve]
has a most attractive American wife (she is), and as he himself
has & pleasing personality, he should see what he could do where
others had Ffailed in getting the Norden Bomb Sight released to
Great Britain." Report of lilitary Attachs, London, 12 Feb, 1940,
in Air Intelligenee Library, "England 9000."

: RER—
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In one sense there was much duplication between the British missions
to the United States and the American missions te England, as well as
duplications among the missions from one country. Yet independent
appraisals and inspections of experimental projects by more than one
party is a basic premlse of all scientific inquiry, and scientific
research on alr weapons was no exception,

In any estimate of the extent to which experimental data were
exchanged between the AAF and the RAF, it is apparent that the big
decisions were made in 1940 and 1941, The British, on their side, made
several notable transfers of data and equipnent to the United States,
especially the Hollg Foyce engine in 191;0,15 ? radar for aircraft
detection in 1940, and the whittle and Helford jet-propulsion power
plants in 1941, These were the most widely publicized examples, but
there were many other items on which American observers reported in
voluminous reports from England to Viright Field and which they inspected
in design, mock-up, or serviece-test stage,

On the American side, the Air Corps started out cautiously, In
July 1940 many ita:f:s were withheld from the British: all bombsights,
the ilorden models of which were controlled by the Navy; the D-type
General Electric supercharger; the A-4 line of position coaputer; the
A-5 Sperry automatic pilot; the latest type median sextant; microwave
instrument landing ecquipment; the electric gyro-stabilized sextant;

and Yany" devices, instruments, or systems "under development which

159s See A, J, Lyon project record books Hos. 33, 33A.
160, See draft AAF historical study, "Radic and Hadar Equipment for
Air Operations, 1939=1944,M

THIS PAGE Declassified IAW EO12958




This Page Declassified IAW EO12958

LAFHS=-50 = 170
have not been manufactured for service test.“lsl These restrictions,
which (especially the last) would virtuwally have withheld data on the
entire research and developmeni program, were relaxed in August 1940,
when the British were permitted to inspect the latest models of the
B-28 (lMorth American), B-25 (North American), A-20 and A-20A (Douglas),
P-38 and P=49 (Lockheed), and B-17 (Boeing), and "to discuss with the
manufacturers details of design and test and to [have] access to
mockups and physical articles that are . . « essential to delermine

their suitability for standardized product.ion.“152

On L September 1940
all these restrictions wer t':a.m:efi.ed,:l'é3 except that bombsight data were
still withheld and access to turret data was dependent on the "exchange
for similar [data] on a British Frazier-iash hydraulic turret.“léh By
February 1941, the Air Corps was authorized to divulge data on any
unclassified, restricted, or confidential research and development
project withcut prior reference to the General Staff, but “secret!
projects had to have prior clearance, and the Norden bombsight remained
entirely closedlés until afbter Pearl Harbor. From 1942 until the end

of the war, British representatives inspected virtually every mock-up

of a new alrplane, and inspected many other experimental projects as

161, Uemo for G-2 by OCAC, 25 July 1940 (extract), in AAG 350,051,
Digsemination of Information, filed under L Sep. 1940,

162, Report on Army-Havy-British-NDAC conference at Yiright Field,

27 Aug. 1940, in A. J. Lyon project record book No. 38.

163. Policy of 4 Sep. 1940, in AAG 350.051, Dissemination of Informations
Whether the Tizard mlssion helped to liberalize this policy is nob
known, The mission did, however, appear in Wwashington shortly
before that date,

164, Memo for Chief, MD, by Lt, Cols L. He Smith, Western District
Supervisor, 4 Seps 1940, in A, J. Lyon project record book Noe.38.

165, MD O.M. 41-3, 10 Feb. 1941, in AAG 350,051, Dissemination of
Information {filed under 6 Nov, 1941).
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well, including (after about Januery 3.9!;3)166 jet-propulsion projects

167

and (after aboub December 1944)

guided missiles projects. Just

which projects were consistently withheld from any British inspection
cannot be :sai.d.]‘68 In general, however, it is probably true that the
British at least knew of the existence, the general tactical objectives,
and the characteristics of virtually every experimental project

sponsored by wright Field during the war,

The Frontiers of Research and Development, 1945

It might be argued that the air war was won by weapons developed
between 1933 and 1941--by the B~17 and B-29, the designs of which were
begun in 1933 and 1939, respectively; by the power plants for these
bombers, developed between 1936 and 19413 and by bombsights and radar
devices on which the basic work was done before 1941l. All these and
many other air weapons and supporting equipment were refined and
improved in the course of the research and development programs betwesn
1942 and 1945, but the chief emphasis of the later years, in terms of
money spent and technical personnel employed in engineering projects,

was on weapons that were not to become operationally available before

the moment of the German and Japanese surrenders.

Most of these projecis

1664

167.
168.

Jet=propulsion meetings in the AAF were still closed to the
British as of Hovember 1942, See Materiel Cenbter Hemo Report
EXP-}~50~T783, "Jet-Propulsion keeting," 27 Nov, 1942, in AISC
360.2, Assisted Take Off,

M&S Daily Activity Report, 4 Dec. 194L4s OCSR Daily Activity Report,
16 Feb. 1945,

A list of experimental and production engineering projects "to be
kept free from disturbance by British visikors" is mentioned in
344D Materiel Division, Daily Diary, 23, 24 September 1943,
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jet—propelled fighter by Republic; the XC-97 cargo sirplane modified
from the B=29; and the Fairchild XC-82 twin-boon "boxecar? cargo.transport.
Finally, still in the design and construction stage (as of 2 September
1945} were, among others, the following AAF airplanes: the Northrop
YB~35 teilless flying wing, three flying mock-ups of which had been
built between 1942 and 1945; the Consolidated-Vultee XB«-36 high-wing,
six-engine, 10,000-mile-range very heavy bomber; jet-propelled medium
bonbers by Douglas (XB-43), North American (XB-45}, Consolidated-Vultee
(£8-46), Boeing (XB-47), and Martin (XB~48}; the Curtiss-liright jet-
propelled XA-43; the Northrop YB-49 flying wing, Jet-propelled; the
XP-26 jet-propelled figober (North American); and the Consdlidated-
Vultee XC-99, a cargo version of the XB-»36.170
In addition to these and some 25 other airplane models in various
stages of design and experimental test, there were perhaps 1,000 or
more supplementary engineering projects, also in various stages of
experimentation at Wright Field when the war ended in 1945. Ameng the
types of weapons and related projects represented were: pilotless air-
craft, rotary-wing airplanes, and gliders; problems of aerodynamics,
structures, armor, and landing gear; materials problems involving
plastics, metals, textiles, and rubber; propulsion projects, including
conventional engines, propellers, and ignition as well as the various
types of jet and turbine units; fuels, propellants, and lubricants;
bombsights, bomb racks, and fire control systems; navigation and flight

170, .ATSC, YResearch and Development Projects of the Engineering
Jivigion" (1 July 1945 ed.), in AFSHO.
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instruments, including radar aids and 'Hll-weatiner" equipment; aerial
delivery equipment and cargo chutes; flying clothing, parachutes, and
oxygen equipment; sea, land, and other emergency rescue equipment; and
trainiag aids.l7l

Behind these projects and supporting them there were at the end
of the war also "on hand," so to speak, America!'s vast resources for
soientific research and development that had been developed and subsidized,
in effect, with funds provided by the AAF and the other gervices during
the war. The expansion of these resources have already been described
earlier in terms of laboratory facilities and trained persomnel at
wright Field and Eglin Field, at the NACA, in the aireraft and related
industries, and in the universities where aeronautical and other regearch
was undertaken directly and indirectly for the AAF., Taken together
these resources represented a scientific potential which, if not denied
future projects and financial support, could become America's best
insurance for aerial supremacy.

The future peacetime development of air weapons was of continuing
interest in the AAF throughout the course of the war. Even before Fearl
Harbor the Ailr Corps recognized that the fullest wartime expansion of
laboratory fa.cilities at Jiright Field would be good postwar planning
policy as well, In 1943 the Materiel Command began to plan its postwar
program, and in August 1944 the first blueprint of the program--"Froject

B-7"— was availsble in AAF Headquarters.l72 The program covered the

171, Ibid.

172, ™"Scope and Procedure Plans, Project B-7, Post-War Research and
Development Program, Five Year Period, F.Y. 1946 to F.I. 1950
Inclusive," 2% fug. 1944, in AAG 360,2, bulk files.




e

This Page Declassified IAW EO12958

AAFHS-50 175

Engineering Division at Wright Field for the fiscal years 1946~1950,

and proposed a technical personnel strength of about 750 officers and
enlisted men and 6,500 civilians (annual gverage), annual expenditures
ranging from 125 miliions in 1946 to 80 millions in 1950, and a modest
supplementary expansion of laboratory facilities at Wright Field. The
report reiterated the traditional policies of the AAF as to cooperative
research on air weapons: reliance on the NACA and its university
contractors for exploring problems of fundamental research in aerodynamics,
structures, propulslon, materials, and (since 1944) guided missiles;
reliance on industry and universities, under conbract with the AAF, for
the application of fundamental research in the fabrication of airplanes
and air equipmen‘b;l73 and the experimental and service testing of the
mzteriel by the laboratories and installations of the ATSC and at other
Army installations, chiefly at Zglin Field, Fla.; Great Falls, Mont.;
ladd Field, Alaska; and France Field, Canal Zons.

The postwar research and development program was amended in 1945
to include also the work of the proposed Research Board for National
Security, set up with thite House blessing to provide for postwar Y
subsidy and support of fundamental research in nonmilitary institutions
that might have military applications. This board, President Truman

stated in June 1945, was to confine its activities to fundamental

173. The Engineering Division listed 14 key aircraft manufacturers,
33 manufacturers of related air weapons and eguipment, and 7
universities where applied aeronautical and relating englneering
and research could profitably be undertaken, Ibid., pe 96.
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research and leave to the Army and Navy the prerogative to sponsor of
undertake applied research based on the Board's work.l'm

A problem of more immediate urgency to the AAF was the maintenance
and improvement of the high caliber of its key civilian engineers at
Wiright Field. In lay 1945 the ATSC was directed by ¥&S to profit by
the imminent demobilization of the scientific personnel of the wartime
Office of Scientific Research and Development and to recruit them for
duty at wright Field "as the war effort diminishes,®? In order to offer
greater inducements to such men, ATSC was further directed to utilize
Civil Service pay scales to the meximum and to arrange that sclentific
personnel within the AAF "obtain recognition of their work through the
media of signed and published reports" which they might vm.’i.te.l75

What the future would hold for air wespons could only be foreseen
as the war moved on to its conclusion. In May 1945 General Arnold out-
1lined to General Marshall some of the potentialities of new developments
in warfare that were likely to be realized in the foreseesble future,
Jet propulsion, flying bombs, rockets, pilotless aircraft were all cited,
including Germany's "amazing" V-2 and her "potentially more dangerous"
devices, almost achieved, which could pour 600 rocket shells per hour
into london., As to the atomlc bomb as yet not tested, General Arnold
reminded General Marshall of the "long range experiments in the field

of advanced physics with elements capable of releasing unmeasured

174, President Harry S. Trumen to 5/, 8 June 1945, copy in AFSHO.
175. Directive discussed in B&R, 1&S to C/AS, 22 Kay 1945, in AAG
360402, bulk files (filed under 18 June 1945).
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forces . « . revolutionizing the field of explosives to the ultimate
point of endangering human survival," Paralleling this potential
weapon was biologicsl and bacteriological warfare, which, General Arnold
reported, the Japanese were "known" to be working on. All these weapons
were "peculiarly adapted to air ‘anployment," he concluded.l76
The combat tests of the atomic bomb over Japan in August 1945
electrified the world, including even the sclentists who had been spend-
ing all their time during the war working on atomic fission, The AAF,
as the tactical arm for the employment of the new weapon, was the arm
that tock the bomb over Japan., &t the same time, the MF as a procure-
ment am recognized the challenge to its existing research and develop-
rent program being made by this new contender in the field of weapons
of war, ¥&S, in sending cut to ATSC Headguarters a copy of the Smyth
report,l77 acknowledged that the releasing of atomic energy would
probably make obsolete ™"to a considerable extent existing and presently
envisioned military equipuent," especially AAF materiel., The immediate
official reaction in V&S and ATSC was not one of "military conservatism
to new ideas," as the ¢liché has it Instead, M&S saw in the control
of atomic energy not only the achievement of a new explosive but also
& means for propulsion of surface and subsurface vehicles, aireraft,
and guided missiles and projectiles, The AT3C, meanwhile, had begun

almost irmedistely to undertske "preliminary investigations and studies

176. Memo for C/S by General irnold, 28 May 1945, in :AG 385, warfare.

177. H. D. Smyth, consuitant to Manhattan Distriet, OCE, "A General
Account of the Development of Methods of Using Atomic Znergy for
Military Purposes Under the Auspices of the United States Covern=-
ment, 1940-1945."
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of a general scope on the exployment of atomic energy ," and announced

to ALF Headquarters that it was "prepared" to revise its research and
development program as soon as the necessary channels were set up for
getting access to the scientists and the data of the atomic energy
project.l78 In this setbing of a revolution in explosives and propulsion
at the very end of the war, the AAF moved forward into the postwar era

of its development.

178, Xemo for ATSC by M&S, 18 Oct. 1945, "The Effect of Atomic
Energy « » " in AAG 360.2, Development and Research.
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Chapter

SUMMARY AND GONCLUSIONS™

The statement that "during the period 1918-1939 no new weapon was
developed by or for the Armed Forces" is not borne out by the facts
unless one insists upon the narrowest interpretation of the word "new.“z

Virtually each of the 100 or more tactical airplane models developed
by or for the Army's air arm between 1918 and 1939 might be regarded as
new in the sense of having a new performance, a new range, a new speed,
a new altitude, or a new fire power or striking power in comparison
with its predecessors, The differences between the Martin bomber of
1918 and the Boeing XB-15 and Y1B-174 of 1939 are too vast not to label
the latter articles as new by contrast. Likewise the power plants,
the armement, and the elecironics equipment installed in the combat
airplanes in 1939 bore little resemblance to those in use at the end
of world lar I. Also tl;e standard engines, propellers, bombsights,

turrets, and radio eguipment of 1939 had little in common, in performance,

1. This chapter is both a summary of this study and a comparative
analysis of AAF activities and those of selected foreign countries—
England, France, Gerrany, Italy, the Soviet Union, and Japan. Data
on these countries in this discussion are taken in large part from
the AAF Historical Office study, "Comparative History of Research
and Development Policies Affecting Air Materiel, 1915-1944" (June
1945), prepared for Scientific Advisory Group, Office of C/AS.

2. The hypothesis that "no" new weapons were developed between 1918
and 1939, is expressed in R&R, Seientific Advisory Group, Office of
C/AS, tfﬁistorical Division, about February 1945,

179
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. with their lineal ancestors of 1918. Some of them were gradual evolu-

tions, while others were radical departures from 1918, 5till other

- radical departures were the following projects which had been explored
. experimentally by 1939: an aircraft warning system, built in 1937 by
K the 5ignal Corps; radio-controlled missiles, tested at various times

between 1919 and 1935; and jet and rocket propulsion, which had been
studied under an Air Corps contract since December 1938,

How many of these aeronautical frontiers of 1939 were 'mewt if
conpared with the progress among the various foreign air forces is
another metter, By 1939 Italy had apparently already achieved working
nodels of a jet-propelled plane, whereas America had not cuite reached

. this stage. England's "radio locator' was probably more advanced in

*

1939 than was America's aireraft warning system. And many (but not all)
- of Europe's best combat airplanes, while they were not all in effective
- production, were superior to some of the best experimental models of the
Air Corps,

The question arises as to how effective the AAF has been over the
last 30 years in translating sceientific ideas into better weapons, and
whether other countries have excelled in solving any of the various
phases of this problem. In gome ways there are more similarities than
differences. The research and developuent systeus of the various military

: establishments throughout the world have had as many aspects in common

o

as aspects that were dissimilar or unique. Thus, the whole body of
. procedures loosely called "the scientific method" is somebhing that
after all has no national boundaries. Next, the system of "military

requirements” is an essential component of all air forces, whether
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organized into a division by that name, an air staff office, or &

committee system, Closely related to requirements is research planning:
the Air Corps had its five-year program in 1939, and its five-year post-
war program in 1945; so also with Germany and the Soviet Union inother
years. Other problems are international or universal, Budgets,
scienbific personnel, the construction of laboratory facilities, and
research contracts with industry and universities all represent problems
that under different names have been common to autocratic and democratic
nations alike, and common to Jforld VWar I, World war II, and the years

of peace in between--common in the sense that conflicting demands and
priorities arose that reflected conflicts between development of the
new and standardization of the old; between demands for quality and
demands for quantity; between one field and another (for example,
aerodynamics versus electronies, and internal-combustion power versus
jet propulsion); and between military plans and civilian sources of

scientific resesrch.

National Attitudes

American appreciation for scientific research has probably been
more vocal in the fields of the tpractical' sciences than in "fundamental®
or "pure science," difficult as it is to dissociate them. Edison, Ford,
and Kettering are all well-kmown names in the last 30 years of American
industrial history; scientific "sywbolism" and laboratory stereotypes
have been common advertising copy for a generation or more in the popular
magazinesy and the public has shown a normal interest in the Viright

brothers, in the historical museum ab wWright Field, and in the wind
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tunnels at Langley Field, MNuch of this interest stems from a spontaneous
curiosity of imericans toward new mechanical devices, bubt it has also
been cultivated and inspired by planned programs of public relations--by
commercial publicity for laboratory-developed consumer goods and by Army
publicity in behalf of Army experimental activities. The generous
release to the public of information on secret wartime aeronautical
developments long before the German collapse in May 1945 is both a cause
and an effect of this public interest in the gadgets of war. In other
countries "popular science" has not been so vigorously cultivated except,
perhaps, in the Soviet Union, where scientific accomplishments have been
front-page news in the government-controlled press for a decade or more,
The controlled press among the Axis powers, on the other hand, ciid not
neglect scientific matters in its propaganda and information programs,
especially where they were comnected with problems of national self-
sufficiency and military preparedness. Of these powers, Germany had
inherited the most consistent scientific tradition, an inheritance which
even the Nazi Government did not alter appreciably., But whether it was
shared by the general public is debateable, Germany's historical attitude
toward science, an interest in the theoretical foundations of applied
science, was probably less a broad Ypopular" enthusiasm than an
intellectunal attitude shared by the small scientific elite of that
country.

More important for aeronautical advancement than popular support
of science has been popular support of military preparedness. In the
United States, the prevalent indifference toward national preparedness

before 1916 and from 1920 to 1939 is well known. This indifference,

|I ,‘ | ‘ -‘“‘IM"«.I I‘ -
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varicusly explaioed in terms of cifi, tionism, and a pre-
occupation alternately with prosperity and depression, c¢ertainly had an
adverse effect on scientific progress in military aeronautics, in spite
of the fact that Army aviation after 1915 usually had a better press
than other components of the armed forces. In other countries, meanw
while, public support for military preparedness and expansiocn was
usually at a higher pitch, but it varied with national aspirations,
Military programs were revived in Italy in 1923, in Japan in 1931 (or
earlier), and in Hitler's Germany in 1933, and the popular consciousness
and enthusiasm developed in those countries was usually carried over to
militory aeronautics as well. Irench and British sentiment for military
aviation began to increase about 1936, but American opinion was not to
become consistently favorable until 1939 and 1940,

National attitudes in the fxis countries were more consciously
cultivated and planned by the controlled press, but even in democratic
nations the articulate public opinion was hardly spontaneous. It would
appear that in all countries--regardless of their political or economic
structure-~the governments have found it necessary to defend their
programs for war research by means of pmp%ganda , publicity, and public
education: in Germany, Italy, and Japan, as a phase of national self-
sufficiency and national superiority; in other European countries, as
part of national defense; and in America, in terms both of preparedness
and of the peacetime application of wartime developments. The Kilgore
Committee's recent 1list of some 1,400 technological accomplishments in

viorld War II has been publicized not only as a tribute to Americals
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wartime progress but alsc as a guide for the conversion of her "swords!
back to "plowshares,."

Agide from public opinion in the aggregate were the attitudes of
scientists and their managers, whether in industry or in other
institutions. German industry and science in the early twentieth
century were grounded in a superdb tradition of "“fheoretical" science,
while American laboratories by the 1930's surpassed the rest of the
world in their emphasis on "applied! science. Yeb science in both
countries, as indeed in all countries, was essentially utilitarian,
Thus it is interesting that in 1910 Germany's scientific body for sero-
nautics, the Deutsche Versuchsanstalt fiir Luftfahrt (DVL), felt it
necessary to defend itself against the charge of being "an unproductive
scientific~theoretical organization.' In later years German scientists
and industrialists normally supported the DVL, although occasionally
their interest did lag, On the other hand, American science, while
"practical," did not wholly ignors "fundamental®™ or "basic" fields.
Thus, it was America's Wiright brothers who first studied fundamental
aerodynamics with a wind tunnel (1903); it has been the superb and
virtually unexcelled wind tunnels for fundamental resesrch, built by
the National Advisory Committee for Aeronautics, that have been praised
aimost unanimously by the aircraft and related industries; and it has
been in scme of America's larger corporate laboratories where basic
theoretical aspects of electronics, metallurgy, and chemistry have been

extensively studied,

THIS PAGE Declassified IAW EO12958




v

e

This Page Declassified IAW EO12958

¥hether in "fundamental or “applied" fields, scientists in indus-

trial and government laboratories all had an ultimate practical objective,
such as a new commodity, 2 new process, or a new service, although the
new development could not always be predicted. This utilitarian motive,
common to American and German sclence¢ was essentially international.
British industry, however, accepted scientists more slowly, and Japanese
industry was perhaps most backward of all until prodded by official
inducements of various kinds., If the individual scientist was sometimes
less interested in profit and money remuneration than in awards and
honors, the firm for which he worked expanded its research program as

s phase of its search for a better and wider market. If ultimate profits
could not be demonstrated, or if profits from standard production
commodities were threatened by new discoveries, scientific research might
be sacrificed by a firm,

As to the attitude of scientists to war research programs, their
relationship to the military has varied. As with most countries,
America has had many examples of the close inter-relationship between
the developuent of peacetime products and the development of war weapons,
a situation in which the impulse came as much from military reguiremeats
as from industry. For example, the steel industry was stimulated by the
Navy's needs in the 1380%*s; the chemical industry was impelled forward
by requirements of the Army in the 1890's; and the aircraft industry was
essentially the result of military and other government subsidies in the
1920ts, Scientists have usually supported war research programs, 8l-

though in the 1930's scme of the spokesmen of British and American
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science castigated military projects as "the prostitution of science
to war," Nevertheless scientists have gensrally regarded war research
favorably, sometimes initiating ideas of military value, somebtimes
carrying out a project initisted by the military, and sometimes "need-
ling" the military to make better use of their talents.

Political and Financial support

The national attitudes and elements of publie opinion mentioned
above are all phases of the "political support" that is needed for any
research and development program. Ulbtimately these attitudes becoune
articulate, favorably or unfavorably, through the political and military
leadership of the nation, In the United States this leadership lies,
of course, in Congress and the executive branch. Whether in democratic
or authoritarian couniries, the political and military leadership has
had to determine a policy for earmarking a portion of the national
resources for military research, and these policies reflected such
pressures ag conflicts between tactical arms, between sbrategic policies,
between various elements of the national economy, and between the demands
for quantity as against the quality of the airplanes and weaponse 3oth
in Italy and in Anerica, for example, and probably in other countries
ag well, there were frequent pressures for standardization as against
experimentation. Thus MeCook Field in 1921 and 1922 was criticized by
higher zuthority, even by high officers within the Air Service itself,
because 1ts experimental work was postponing quantity procurement.
Similar objections were raised within the War Department in 1940 with
respect to Wright Field (perhaps with greater justification than in
1921 in view of the threat of war in 1940), and the research and
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development program was actually partiall:y.i:»ostponed for several months
to permit the industry to concentrate on production, Another type of
x pressure was bhe resistance to the development of the heavy bomber in
. the 1920%s and early 1930's, arising from eonflicting strategic and
tactical doctrines and viewpointa in the General 5taff and the Navy.
Yet during these two decades, 1920 to 1940, American milibary leadership
ultimately supported, at least passively, the Alr Carps experimental
program. The Lir Corps was able to embark on a substantial postwar
program between 1919 and 1922; after a lapse of a decade, to initiate
the heavy bomber program in 1933; and to undertake a five-year program
in 1939. After 1940 there was no appreciable resistance from higher
. authority to the experimental program, and throughout ijorld v.ar IT the
AAF was able to pursue a highly accelerated experimental program, to=
gether with an unprecedented productlion progran.

Ueasured by budgets and apprepriations, the political support for
aeronautical development in the United States was uneven during the
period 1914-1945, Before 1915 Congress was apathetic to military
aeronauticg, DBetween 1902 and 1913 the United States was fourteenth
among the nations in terms of goverament subsidies for aeronautics,
ot until after war came in 1917 did Congresa begin to support Army
aviation in any substantial measure. As to the other nations: Germany,
. Franc;e, Busgia, and Italy oubranked the rest of the world up to 1914,

In World war I it was France, Germany, and England that gave the best
“ financiasl support to military aviastion. after the war England and the

United States became outstanding, with Zmerica's air budget continuing
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in substantial messure ss late as 1922 in spite of the emerging period
of peacetime "normalcy™ and consequent hostility to military prepared-
ness. The Soviet Union began to catch up after about 1927, with
aercnautical research apparently a phase of its five-year programs.
In republican Germany the Reichstag!s "limited" interest after 1918
was reversed when Hitler came to power in 1933, British politieal
support, whieh dropped in the later 1920's, began to be revived about
1936, after three years of watching the growth of flazi Germany.
American politiecal support for aercnsutical research dwindled badly
between 1924 and 1934, and reached its lowest level in 1927, ironically
near the moment of America's greatest financial "exhilaration." By
1930, however, the agpropriations for the HACA fortunately rose steeply;
after 1934 the Air Corps too was again being favored; and before war
broke out in Eurcpe in 1939 congressional support increased measurably
and continued and expanded through the whole course of the "defense"
period and the "war® period down to 1945. By 1942 appropriations were
so adequate that some AAF officers could “eomplain' that they were
finding it more and more difficuli to utilize the budget efficiently.
Financial support for research occasionally took other forms than
research budgets as such.' In Italy, for example, there were special
devices for financing aeronautics, such as the system of prizes and
subsidies to civil aviation, In America it was a common practice in
the Alr Corps before 1939 to permit the contractor to amortize experi-
mental costs with income from future production orders, Ancther element
favorable to the research budgel in most countries was that the pay of
military officers engaged in experimental work did not appear in the

research budgets,
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. By 1939 the estimated expen g for scientific research (in all
fields, aeronautical and otherwise, both for peacetime products and war

x goods) were about .6 of 1 per cent of the national income in the United
States, .8 of 1 per cent in the Soviet Union, only .1 of 1 per cent in
Great Britain, and perkaps .3 or .4 of 1 per cent in Germany, &Since

1939 Anerica probably has had no peer (except perhaps in the Soviet
Union) in expenditures for war-related research. In 194k about 600
millions were spent in the United States on scientific research, as
against 250 millions in 1939. In 1944 almosit all of this figure was
involved in war research; in 1939, only a small frection could be charged

to military and naval projects, This "total' conversion of American

. science 10 war was comparable to the conversion of other elements of the

"

national economy, and all of this expsnsion reflecied a "bandwagon'
policy of financial support for the military progrems in wartime. Once
aroused, the United States had no peer in lavishing financial support

on its war nmachine,

Organization

Organized research has been necessary m all countries, especially
in the fields of military sercnauties. Aireraft design and developuent
is essentially a combined enterprise covering problems of military re-
quirements, fundamental analysis, experimental design, prototype
construction, service testing, and proof testing, all involving numerous
agencies and institutions, Likewise the development of sirborne
accessories and ground equipment is a cooperative project, involving
(in the case of the AAF in World Ver II) the Air Staff, the Air

. Technical Service Command, the Proving Ground Command, the National
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. Defense Research Commitiee, industrial laboratories, university

scientists, and sometimes other supply services of the Army.

This situation is not unlike that in ¥orld wWar I. In spive of
the fact that in America seronautics was still largely in the pioneering
stage in 1917 and 1918, the Air Service had iis experimentsl field, its
wind tunnels, und its contracts with industry and civilian scientists.
There were no NACA laboratories (its first wind tunnel was not completed
unbil 1919) and there was no proof testing organization separate from
McCook Field, There was, however, a Mational Research Council for
mobilizing scientists and industrial laboratories that were not already

under contract to the Army and the Navy, Not only did the Air Service

. "eooperate” with the MRC: it took aver the entire NRC Physics Committee,

put some of them in uniform, and set them up as the Science and Research
Division of the Air Service, apparently in order to maintain direct
control over experimental activities affecting air power,

Between 1919 and 1939 the most notable organizational changes
affecting seronautical research were cutside rather than within the
Arny. The NACA expanded out of its "advisory" status in World Var I
to become an actual research laboratory. Ibs first wind tunnel was
completed in 1919, its laboratory construction program was accelerabed
in 1930, and by 1939 it probably had no peers throughout the world in
terms of iits equipment. Another notable nonmilitary orgenization in
this period was tiie Daniel Guggenheim Fund for the Promotion of
Aeronautics, established in ]:926 as an endowed foundation and dest:.ined

profoundly to affect aeronautical education throughout the United States.
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5till another scientific group was the Naticnal research Council and

its "parent body," the National Academy of Sciences, concerned with
fields other than aercnautics. Their war coumittees were demobilized
after 1918, but the main organization survived as a "scleatific adviser®
to whatever federal agencies chose to use their services. Although they
regarded their role as passive, the NRC and the NAS did sponsor a limited
number of projects for the Air Corps before 1939.

The Army air arm's organization for research and development was
relatively simple and consistent throughout the whole period 1917-1945.
Thus, the ultimate control and supervision of the research and develop-
ment program was in the procurement-tactical arm, with its authority
stemming from the Constitution itself and with a framework that included
a system of military requirements and staff supervision in Washington.
Within this arm, the work was decentralized to McCook Field (after 1927
at Wripht Field), These experimental activities, furthermore, came
under the same jurisdiction as quantity production and procurement,
both in the ALF's single materiel organizai,ion and in the corporate
structure of each firm in the aireraft industry, Direct coliaboration
with the sources of research was relatively consistent, even when thers
existed intermediary agencies such as the Natiopal fesearch Council,
the National Lcademy of Stiences, and the Mational Defense Research
Committee. Occasionally there were reorganizations in the materiel
agency of the ALF, bub most of them were merely changes in name rather
than changes in cubstance and policy, This organizational pattern was
relatively simple, in contrast to the elaborate and sometimes over-

lapping organizations of scientific committees, councils, and
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associationg thriving among civilian scientists in the United States,
and in contrast to {he "over-organized" scientific structure in France
and the "overlapping and duplication! of Mcoordinating" bodies in
Germanys

At the same time there have been elements of organization that
were rather uniform among ail countries. Most of them had an NACA for
koth fundamental research and for coordinating fundamentsl research in
aeronautics elsewhere, Frequently this was patterned after the American
cormittee, although how far this similarity extended in actual practice
canmnot alweys be demonstrated, Most of them, too, had a2 National
Research Couneil, such as those in Germany {1912), England (1915), the

United States (1916), Italy (1921), and France (1922).

Scientific Fersonnel

The Arny air arm's basic policy, consistent since 1917, has been
to use scientific and industrial specialists in its technical projects.
In world War I industrial managers from the aircraft, automotive, and
other industries, together with scientists like }illikan and Mendenhall,
were given military commissions or civilian jobs in the Air Service in
connection with research and experimental projects. Both McCook Field
and \right Field technical perdonnel were preponderantly civilian from
their origins. The engineers and scientists awong them, both officers
and civilians, frequently came from America's best technical schools
and in some cases from industry, and their training was supplemented
(for the officers) by the Engineering School at ¥right Field and by

civilian institutions like Massachusetts Institute of Technology,
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® California Institute of Technology, Michigan, and Stanford (most of them
endowed by Guggenheim), Officer attendance at such schools was authorized

" by congressional legislation unsurpassed anywhere in the Army or in the

. rest of the federal government. DNot an unmixed blessing was the fact
that many of them in turn left the Air Corps to become prominent engineers
in the aircraft and related industries. In Yorld War II many Wright Fleld
civilian experts were given military commissions, and were supplemented
by aeronautical engineers commissioned from industry and by other scien~
tists brought in both to Wright Field and Vashington, including groups
like those of Dr., Edward L, Bowles and Dr., Theodore von Karmen, as
civilian advisers to General Arnold and the Air Staff,

. In both World Var I and torld iiar II the air arm probably suffered
because America!s scientific manpower, especially its younger engineers,
were not entirely exempt from active military duby under the Selective
Service Systems This was not unlike the situation in England, which in
i91h pernitted one of its most outstanding young physicists (Moseley)
to become & casualty on the battlefield. In Vorld War II both England
and America remedied much of this waste of scientific manpower by means
of national registretions of scientists and better policies for occupa-
tional deferments, bub not all problems were solved, The practices in
other countries varied: France apparently was permitting no draft

- deferments in 1940, while Germany was the most consisteni in mobilizing

its secientists for specialized war work, German poliey was partly

. negated, however, by its radical and political policies which doubtless

denied many scientists to them and which may have accounted for the

severe drop in enrollment in technical schools between 1932 and 1937.
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. Another practice for lwproving materiel development has been to

import scientists and other specialists from abroad. The Soviet Union

e Y e

and Japan in earlier years were the outstanding examples of such a

conscious policy. After 1933, England and fmeriea, without a partic-

[P

ularly definite national poliey or a conscious scientific objective in

‘view, did nevertheless profit by giving haven to refugee scientists.

Production of New Yeapons
It is not enough to develop a new weapon or a new device, Develop-

ment must ultimately give way to standardization and mass production,

if the weapon is ever to leave the laboratory and face the enemy, In

translating ideas into weapons in actual use, America probably has had
7 . no peer, Italy was not able to produce its unique jet plane, Germany
and Japan had both been hampered in thelr production of hew weapons
in the war, and England probably never atiained America's level of war
production capacity. The wealth of America's resources for production,
in terms of materials and manpower, is of course the basic explanation
for this superiority. At the sane time this unexcelled capacity to
produce weapons was also a capacity to produce better weapons.

There has never been any basic, irreconcilable conflict between
the needs for "quallty" weapons and "guantity" production, perhaps
because those who developed new materiel also ultimately were expected
to produce its Thus in the airersft industry, for example, the
) experimental design staffs and the assembly lines are normally parts

of the same firm, under the same management, Likewise in fields out

gide of aeronsutics most of Americals scientifie research is done in
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industrial rather than in nonindustrial laboratories, and the fimm that
manages the research also hormally manages production. This is as true
in the peacetime economy as in wartime., If American scientists have
been Maccused" of being preoccupied with the "practical" side of research,
the reason for it is & blessing in disguise: most of America's scientlists
are either hired directly by industry or their wniversity projects are
subsidized by industry--by the same firm that is most likely to produce
the end product, whether a bathtub or a guided missile, This eivilian
econcmic pattern is the cne on which the military administrative pattern
is built. Thus in the AAF, both experimental engineering and production
engineering functions are united under the same authority, that is, in
the air materiel center at Wwright Field. This materiel center is
primarily a monitor of industrial research rather than an independent
laboratory; and the continuous problem both at Yright Field and in the
air staff in vashington is to effect the best compromise between experie
mentation and production, between quality and quantity, between striving
for perfection and falling in obsolescence, In addition, one specific
LAF device for rationalizing these pressures should be mentioned--the
systen of modification centers esteblished after 1941, By this means,
nevily developed eguipment is installed on standard airplane models as

a separate process after the plane leaves the assembly line; and
ultimately at the proper, pradeternined moment, the special installation
is incorporated in the assembly line with the minimum of interruption to

the production process.
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Strategic Planning of New Yeapon

Perhaps it could be demonstrated that every geientific idea ultimately
has some military value., Long before warfare was celled "total war"
science was regarded by the military as a useful tool of war, Today it
is more than ever a basic factor in all national existence, hether it
is expedient to pursue every idea for a new weapon through the stages of
research, development, and production, however, depends on a variety of
factors. Among these factors are certain fundamental political and
military problems: Vhat are the strategic objectives of thehation's
military power, in terus of the potential enemy? And what are the
tactical needs in terms of weapons and counter-weapons necessary for
meeting the known and anticipated power of thal enemy?

On the eve of Vorld #ar I the small nucleus of airmen in the Army
were aware of the tactical and strategic functions of air power, bub
no combat plane had ever been designed or built in the United States
up to thet time, Uorld War I itself was for the American Air Service
an operational problem on the Zuropean Continent only; America's war
planes were largely those developed in Allied countries for European
missions, and the Army's research and development work on airplanes
was primarily devoted to modifying those Eurcpean models--modifications
$o0 suit them to American production rather than to improve their strategic
&nd tactical effectiveness, The Hartin bomber designed and built experi-
nmentelly in 1918 symbolized the rise of independent strategic thinking
in the Arny Air Service, and the doctrines of strategic bombardment
expounded by Mitchell and others became the foundation for the Alr Corps

research and development program in the 1920's and 1930's. In 1933 the

Drum Board approved the air war plan for operations to be based on the
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American Continent, to be directed first toward Buropean targets and

ultimately toward the Far Fast. The Board, furthermore, accepted the
defensively selfwsufficient heavy bomber as the primary weapon for the
air war. In the same year the desipgns of the XB-15 and XB-lT were
begun, and the Air Carps research and development program began in
earnest, centered around this fundamental bombardment mission. The
development and testing of these two models between 1933 and 1939 led
directly te the heavy bembers that were used in the European theater
afber 1941 and the long~range very heavy bombers used in the Far Zast
after 1943. The wartime improvements of these experimental bombers
after 1939 were, of course, substantial and vital, but they were not
based on any fundamental change of strategic doctrine, Instead, they
represented solutions to tactical difficulties and problems encountered
by the HAF and the 4AF in 1940 and thereafter, The bombers planned and
desigied in the early 1930!'s were essentially those that won the air war
in the German and Japanese theaters in World Wer II. Americals fighter-
bomber was acknowledged by the head of the defeated Luftwaffe as the

one new weapon that helped to win the air war in Europe.

Aside from our own offensive, strategic weapons-~illustrated in
the strategic bomber—is the ever-present problem of countermeasures
and defensive weapons for use against the enemy's new weapons, ¥While
the strategic bomber and its vital components were the "new" weapon
that won the air war in Zurope, the enemy was able to come forth, in
the last menths of that aerial combat, with its own new weapons,
particularly jet fighters and gnided missiles., UVhile the ideas behind

these weapons were no real "surprise" to the Allies, their tactical
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use at that stage of the war was unexpected, and the Allies did not
achieve any bzsically effective countermeasures against them except to
strike directly at the enemy's installations where those weapons were
being produced and launched, and to push forward relentlessly with the
ground-end-air cooperation operations across the Continent after June
1944, Had the enemy!s new missiles appeared in greater strength and
with greater precision a few menths earlier, the Allied landings on
D-dsy might ccnceivably have been prevented, Obviously the development
of countermeasures is as vital as the development of our own strategic
weapens,

Thether America's present air weapons are adequate for coping with
future strategic objectives is another problem, The remainder of the
Japanese war was fought with weapons long under experimental developuent.,
As to the immediate postwar yesrs, with the fallen enemies remaining in
a state of military collapse, it seems obvious that the best weapons
now under development-wthe new very long range bombers, the most advanced
radio and radar aids, the newer air-launched controlled missiles, and
the atomic bomb are all adequate to cope with any nprisi..nga that may
menace the security of the United States. As to the more distant future,
its strategic problems are more difficult to speculate upon. Inevitably,
however, the formulation of strategic cbjectives to meet thege problems
must be based on a continuous appraisal of our political and diplomatic
objectives, of the political and military objectives of each of the
other great powers, and of the political effectiveness of the new
orgenization of United Nations, It is on this fundamental situation

that an effective research and development progras must be buiit, Cnce
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these strategic objectives are established, the new weapons program is

likely to encounter aduinistrative problems that are not essentially
different from those that the AAF has encountered over the last 30 years.
These problems, factors, and issues are those that have been discussed
and explored in this study: a sympathetic national opinion, properly
cultivated by an enlightened public information program; an adequate
budget supported by that national opinion and by the political and
militaery leadership in the Congress, the hite House, and the War Depart-
ments proper utilization of the nation's seientific talent in the lab-
orstories of industry, universities, the ALF, and other government
agencies; and proper procurement programs to insure that industry remains
in a stand-by condition both for development of new weapons and for their

production in guantity when the need arises.
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Historical Studies

Historical Section, Air Service, Historical Studies of the Bureau of
Airvcraft Production and of the Directorate of Military Aeronautics
in Gorld Var, prepared sbout 1918~1919 and now filed in the AGD War
Department Records Branch, This file of historical studies, to-
gether with working papers, consists of about 40 linear feet of
material. Among the most useful works for this study were those on
. Aireraft Froduction . . . Advisory and Co-operative Agencies, by
1t. Re C. Hilldale; Langley Field, by Capt. H. H, Blee; the Factory
Department at }McCook Field, author unknown; the Bolling Aeronautical
Mission, by R. M, McFarland; Science and Research Division, author
, unknionn; and Airplane and Engineering Division, by Capt. He H. Blee.
The following files of working papers were also useful: 334.8 Bolling
Kission; 360,05 McCook Field; and 452.1 Airplanes, Generale Some of
these historical studies were integrated into a 2,500-page "History
of the Bureau of Aircraft Production," copy of whieh is missing from
the above files bub is avallable in the ATSC Historical Office (with
. . & microfilm of the same in the AAF Historical Office), Portions of
these historical files were used by Arthur Sweetser, in The American
Air Services A Record of Its Problems, Its pifficulties, Its Failures,
and Tts Final Achievements (New jork, 1919, 384 pp.).

iy

Historical Office, AAF Headguarters, AAF Historical Studles:

Communications Techniques in the AAF, 1939~1945 (draft, 1945)

Davelopment of Tacties in the AAF (draft, 1944)

Legislation Relating to the AAF Materiel Program, 1939-194L4 (1944)

Radio .'smd Radar Equipment for Alr Operations, 1939=1944 (draft,
194

Standardization of Air Materiel, 1939-1944 (draft, 1944)

Other studies by AAF Historical Office

A Brief History of the Army Air Forces (1943)
Review of Aerial Warfare for the Scientific Advisory Board
[Group] (1945)
Comperative History of Research and Development Policies Lffecting
- Adr Materiel, 1915-1944 (1945)

202
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Studies by the Historical Office, AT3C Headquarters and its predecessors:

" tGage Histories" of selected developmeni and procurement projects
N (1944~}
- Development of Aircraft Gun Turrebts (1945)
Development of Bombing Equipment (1945)
; History of the Materiel Command, 1926-1941 (1944)
4 Studies by the Historical Branch, Proving Ground Command
Historical Cutline of the Proving Ground Command
Index and List of Service Tests Activated at Eglin Field
- [1939-28 Feb. 19451, 2 vols., 142 and 100 pp.
Clasgsified Central Files of AAF
. Headguarters (cited as "AAG « . J?)
000,71 Interviews (Sepe. 1944)
311.22 Cablegrams (April-May 1941)
333.1 Inspection (Lpril 1944)
334 Boards, Misc. {Dec. 194k)
. 3347 Boards, l'isc. {Oct, 1933-Dec. 1944)., Includes reports
; of Kilner Board, 1939, and Bumons Boerd, 1940,
. 337 Special Directors Conferences {April-Sep, 1942)
i 350,05 Military Information-~Collection and Dissemination
(Nov. 1942-Jan. 1943). Includes some data on
¢ exchange of technical data with Allies.

350051 Dissemination of Information (llarch 1937-Oct. 1942).
Same corment as on 350,05,

360,01 Programs (Jan, 1942)

360.2 Development and Research (Nov. 1942-Oct. 1945). Of
primary importance,

380 Programs and Projects (iarch 1943)

381 War Plans (iay-Dec., 194k4)

381,3 Lend-Lease Aid (June 1941)

385 Warfare (May 1945)

500,112 National Advisory Committee for Aercnautics {Jan. 1938
Oct. 1942), Includes some minutes of executive
commitiee of NACA,
400,112 Hational Defense Research Committee (Nov. 1940=Oct. 1942).
- Fragmentary data on NDRC policys some NDRC repoxrts ine
- c¢luded,
400,112 Pest, Development, Research (1935-July 1942), Of
primary importance, For later period, see 360.2.

- L452,1 Airplanes, General (Sep. 1940}
45241 Production of Aircraft (Feb, 1942)
676.3 yireless--Radio System (Dec, 1940)
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Equally if not more important than the above correspondence files
are the "bulk" files of oversize reports and cther documents that are
filed separately from the above, Tne best key to the use of this
paterial is not the cross-references from the correspondence files but
the detailed inventory-check list of bulk items, prepared by the AGO
jar Department Records Branch, 1945. Among the most useful bulk items
are: List of Army aireraft, 1917-1922 (452.1); Orum Board Feport, Oct.
1933 (334.7); Capta Ce Se Irvine's report on civilian persomnel at
Wright Field, 1939 (321.1); Kilner Board report, 1939 (334.7); Lir Corps
Technical Committee minutes, 1939 (334.8); Zmmons Board report, 1940
(334.7); Col. Carl Spaatz' notebook, Nov, 1939-arch 1940, on meebtings
attended by him (no file number); transeripts of telephone conversations
by Col. Carl Spaatz, Maj. Gen. D. C. Zmmons, and others, Sep, 194lw
Jane 1942 {311.3); War Department Council minutes, 1943-1945 (337);
historical report by Dr. Edward L. Bowles, 1943 (334.7); and the B-7
program, Aug. 1944 (350,02).

Unclasgified Central Files of AAF
Headouarters (cited as "ALG o + o%)

210466 Detail to Civilian Educztional Institutions (1938-1942).
Ceceasional references to training of seronsutical
engineers assigned to wripht Field.

300.6 Office Nemos, Numbered (Feb, 1930-Cct. 1942)s Includes
some unnurbered memos (e.g., of the Directorate of
Military Requirements), some AAF Regulations in 1942,
as well as correspondence relating to then,

300,7 LAF Regulations (¥arch-Oct. 1942)

321.9 Materiel Division (1927=Cct. 1942)

3347 Leronautical Board (Sep. 1939). Includes report of
Air Board, 15 Sep. 1939, as well,

381e4s War Plans, National Defense (lay 1940)

400,112 Fairfield Service Tests (March 1921-Sep. 1942)
400,112 Tests and Experiments (1920-Oct. 1942), Of primary

importance,
452.1~17 Aireraft, Manufacture of (June-Sep. 1940)
L75.73 heronautical Bauipment (Feb. 1923-0Oct. 1942}

Files of Development Eangineering
Branch, Materiel Division, M&S

(since Dec. 1944, when these files were used for this study, they
and the organization have been transferred to the Production Division,
AC/4S=l3 cited as MRS , ., M)

1.102 Hilitary Characteristics
18,100 Misc.-Gen, (Dec. 1942-Oct. 194L)
18.400 Vigits {o Hanufacturing Flants
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304105
30,109
30,1001
40,007
504121

50.122
504123
506124
50,125
700,280

700430

. 205

New Developments Division [WDGS] (Nov. 1943-Sep. 1944,)

Cozmittee on Air Force Developments

Joint Aircraft Conmittee

Daily Staff Meetings (Oct. 1943-Nov. 1944). Minutes,

Eesearch and Development, F.Y, 1944 (Nove 1942

Research and Development, F.Y. 1943 (May 194l-

April 1943)

Research and Development, F.Y. 1942 (Nove 1939~
Ocbe 1942)

Research and Development, F.¥. 1941 (Mey 1939~Aug. 1941)

Research and Development, F.Y. 1940 (Dec. 1937-March 1940)

National Advisory Committee for Aeronautics (Suge 1940~
Nov. 1944)

Kilgore Committee--Office of Technological Mobilization
(Octe 1942-July 1944} Includes M&S study on research
and development, 1939-194k4; copies of bills, hearings,
and reports of Senate Subcormittee on Technological
Mobilization; and memoranda and statements on views
of AAF and War Department on Senator Kilgore's proposals.

) Classified Central Files of ATSC

230

3348
33h.8
334.8
337

36042
350.2

360402

36042

of Headguarters
nright Field, Ares g_z cited as "ATSC o » .

Personnel (Sep, 1941-Nov. 1944), 1 vol. Includes scme
statistics on civilian tecnnical personnel at Vright
Field.

National Defense Research Committee (Aug. 1940-Dec,
1944), 1 vol, Includes descriptions and progress
reports on many NDRC projects,

Mational Defense Research Committee, General and
Policy (Aug. 1940-Oct. 1943), 1 vol. Contents
indicated by title.

Nabtional Defense Research Committee, Ceneral (Jan,-
June 1945), 1 vol, Chiefly descriptions and progress
reports on specifie NDRC projects.

Conferences, General, 1941 (June 194l=june 1945), 1 vol.
Includes some minutes of staff meetings in MMRD,

NACA Policy (July 194l-June 1942}, 1 vol,.

National Advisory Committee for Aercnautics (Jan. 1939-
Dec. 1944), 1 vol.

Navy Zxperimental Projects (Jan.-July 1945), 1 vols
BAF progress reports on Navy projects at Patuxent,
C,I.T., Aberdeen Proving Ground, and elsewhere.

Pakewoff of Large Airplanes, Assisted Jet Program, NACA,
1940 (May 1940-June 1941), 1 vol. Chlefly NACA letters
of transmittal.

360.2—452,83 Fxhaust-Gas Jet-Propulsion, NACA, 1942 (Oet, 1939=

July 1944), 1 vole
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Tests, Iglin Field (Feb. 1943-March 1945), 1 vol,

« Chiefly weekly reports of tests.

371.1 Theaters of Information, Information (Oct. 1943-
. June 1945), 1 vol. Correspogdence with &ir Technical
_+ Section in the United Kingdoen, hany comments and

suggestions from all theaters, chiefly "informal
reports" sent to uright Field for the attention of
speeific Laboratories.

1 T

Unclassified Central Files of ATSC Headequarters,
iright Field, Area B (cited as "ATSC + . +")

. 0h5e2 Havy (Lug. 1944)« Navy representstion at Tright Fields
1214 Funds, 1929
210,32 Assignment and Transfer of Officers, 1928 (Feb, 1927-

July 1928). Civilian and military personnel for
- experimental work,

248,1 Bstimates, Civilian Employees, Pay Roll Study, 1936
(July 1934~ipril 1935)
319,1 Annual Reports [Datal, F.Y. 1936, 1937, 1938 (June-

Dec, 1936, June-iug. 1937, Sep. 1937-kug. 1938},
3 vols. Portions of published anmual reports of
. Chiel of Air Corps based on these data, See also
AAG 319,11 for these years.
. 321,91 Organization, 1929 (March-lov, 1929)
333 Survey Military Establishment, 1929 (April 1926
Nove. 1929)s Statement of "accomplishments" at
v Viright Field, 1928-29; Army's "economy survey,"
Aug. 19293 and memos on proposed consolidation of
Army and Havy air materiel ovganizations and on
proposed move of Technical School at Chanute Field
to Wright Field, Feb. 1928,
334.8 Air Corps Technical Committee, 1928 (Dec. 1926-Aug.
1928); 1929 (Jan.-iarch 1929), Chiefly proceedings
of ACTC. 3ee similar-files in AlG.
337 Engineering and Supply Conferences, 1928, 1930, and
1937, Lgenda and minutes of annual conferences for
years indicated.,

L2

360,01 Policy-=Procurement, 1929, Includes chronology of
materiel development, 1920-1929.
360,02 Aeronautical Problems, 1928 (March 1919«July 1928).
. Includes data on Air Service-sponsored university
- research, 1921, 1924,

400,112 Development Program, 1933 (Nov. 1930-Oct. 1933)
500,112 Government Aid to BEducabtional Institutions « « «

- Engaged in Asronautical Research, 1935 {Dec. 1934~
- Feb, 1935), Includes Guggenheim proposal of Dec,
1934,
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Diaries and Daily Activity Reports

Filed in Historieal Office, LAF Headguarters, Duplicates of some
diaries are filed in AAG "bulk! files, as well as in AAG 31%.1.

AC/LC Uateriel and Services (July 194h4-Aug. 1945)
AC/AS Iateriel, laintenance, and Distribution (April 1943-July 1944)
AC/2S Operations, Commitments, and Requirements, April 1943«
Aug. 1945
AC/LS Plans, March-Dec, 1943
Director of Military Requirements, lerch 1942-tarch 1943
iateriel Division of MME&D and M&3, Mareh 1943-Aug. 1945
Operstional Plans Division, Aug. 1942-March 1943

Miscellaneous Files and Unpublished Documents

Col. L. Js Lyon's project record books, 1939-1941, pertaining to
materiel and other projects monitored by the Office of the Chief of
the Materiel Divisicn; filed in Office of AC/AS-h. See "inventory"
of Lyon books, in AFSI0., Volumes most useful for this study were
Vols, & (military characteristics), 9 (research and development),

13 (I§i]ner Board), 15 (AC Technical Comrittee), and 32 (standardiza-
tion),

+ Intelligence files, 1939-1945, in Air Intelligence Library, AC/AS~2,
Includes reports of air observers sbroad, 1939-1941, and reports
from overseas air forces on materiel, Filed by country or area,
numerically thereunder according to the "Index Guide" aystem for
numbering military attachd reports. For files prior to 1939, see
files of CCAC Information Division, now filed in AFSHO,

Joint Aireraft Commitbtee:
Recorderts Office, file on BSubcommittee on Standardization" (1942).
Subcommittes on Standardization, Recorder's Office, minutes and case
files, especially file on case 3000,

Materiel Command:

Office for Organizational Planning, YWEvaluation of the Utilization
of Airplanes Assigned or on Loan to Materiel Command (Final Report)®,
1l Jane 1944, in AT3C Organizational Planning Office, Includes
some statistical daba on airplanes used in experimental and service
tests,

“"Research and Development Projects of the Engineering Division,!
editions for Jan. 1944, July 1944, Jan. 1945, and July 1945 (the
latter two issued by ATSC), all in AFSHO, Comprehensive handbook
of selected experimental projects at ¥Wright Field,

Statistical Control Division, AAF Hags., "Delivered Airplanes on Hand
in the Army Air Forces . « «&' 31 Auge 1945, in AFSHO. Includes
listing of AAF airplanes according to developmental statuas,.
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Annual Reporis

Air Corps, Materiel Division, "Annual Reports," 1927 to 1940, MNot
published, Blueprint copies, 1927-34, in War Department Library;
typewritten copies, 1935-37, in ATSC 319.1 Annual Reports; and
typewritten copies, 1939 and 1940, in ATSC Historical Office.
Seattered copies also in AAG 31%.l.

Air Service, Engineering Division, "Annual Reports," 1919 to 1926,
Not published; reproduced by blueprinis; f£iled in Wiar Department
Library.

Air Technical Service Command, Zagineering Division, 1944 Arnual
Report « « o%; in ATSC Historical Office.

Army Air Forces:
Historical Division, "Biennial Report of the AAF," 1941-1943.
Typescript in AF3HO.
Report of the Commanding General of the Army Air Forces to the
Secretary of Yar, Jan. 1944
Second Report of the Commanding Geperal of the Army Adr Forces io
the Secretary of har, 27 Feb. 1945

National Advisory Committee for Aeronsutics, Annual Reports, 1919 to
1943, Wormally divided into administrative and Lechnical sections
for each year.

National Acadeny of Sciences, Heport, 1916; and innual Reports, 1917
and 1918

National Research Council, Annual Keports, 1916 to 1919

Other Government Publications
{(drranged chronologically

U, 8. stabubes at Large.
Various statutes for years 1915-1942 cited in this study.

United States Code, 1940 Edition, Sections 10 and 50 used in this study.

Baker Board, Report, 1934.
Federal Aviation Commission (Howell Commission), Report, 1935.

National Hesources Commitiee:

Technological Trends and National Policy, Including the Social
Tmplications of New Inventions, 1937. Report of the Subcommitiee
on Techneclogy.

Relabion of the Federal Government to Research, 1939
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. foxk Projects Administration, Industrial Hesearch and Changing Technology.
Report by George Perazich and Philip M. Field, published as WPA National
Resesrch Project Report No. M-k, Jan. 1940,

’ yational Resources Planning Board, Industrial Research, 194l.
i Hearines . . » Senate . . » Subcommittee on Technological hobilization
v « o o S, 2721 [Oct.~Dec. 1942]. 3 veols,

Senate Committee on ¥ilitary Affairs, Subcommittee on Wer Mobilization,
Research and Development, 1940-Lk. Earb L.~

Government!s Wartime
Survey of Government Agencies, 1945. Fart IL.—Findings and Recommenda-

. tionsg, 1945,
H. D Smybh, 4 Genersl Account of the Development of lMethods of Using
Aberde Energy for Military Purposes Under the Auspices of the United
States Government, 1940-1945 (1945). Published for the Manhatten
District of the Office of the Chief of Engineers.

Directories of Scientific Agencies and Scientists

. Aireraft Year Book, 1920-1943

National Bureau of Standards, Directory of Commercial Testing and
niversities and Industrial Conceras,

. Collepge Research Laboratordes in U and
1927 (}B3 publication M.90, April and Dec. 1927), 1929 (.90 supple~

“ ment), 1936 (1.125), and 1942 (4,171)

¥abional Research Council, Directory of Industrial Research Laboratories
in the United States, 1920 (WRC Bulletin No. 2), 1921 (Bull. No. 16),

5027 (Buil. No. 60), 1931 (Bull. No. Bl), 1933 (Buil. No, 91), and
1938 (Bull, Ho, 102

Treasury Department and Hational Bureau of Standards, Directory of
Ingpection Services and Testing Laboratories of the Federal Govern-
ment, 1935 and 1944

Work Projects Administration, Writers! Program, Who's %ho in Avistion
o o oy 1942-1943 (1942)

Other Publications

{Arranged by date of publication)
i

i

’ Arthur Sweetser, The American Air Service . . . (1919)

Grosvenor B. Clarkson, Industrisl America in the Horld War . « s,
1917-1918 (1923)
Ernest V. Hollis, Philanthropic Foundations and Higher Dducation (1938)
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New York Times, 1939. Scattered references to state of scientific work
on military aeronauties at the time of the cutbreak of the European
war.

Je Do Bernal, The Social Function of Science (1939). Includes discussions
of the use of science in the development of weapons, and comments on the
administration of science in universities, industry, foundations, and
government agencies,

Sclence News Letter, 1939, Scattered references on the status of
military research and development at the time of the outbreak of
the Buropean war.

Air Corps Hews letter, 1 Aug. 1939, Anniversary edition devoted to the
history of the Air Corps.

Edgar O ..»5 Gorrell, The Measure of imevricals World tar Aeronantical Effort
(1940

It. Col. Frank O, Carroll, "Experimental Engineering [ in the Air Corpsl,”
in Flying and Popular iviation, Sep. 1941, pp. 84-86, 208, Official
statement by the Chief of the Experimental Engineering Section at
viright Field.

Reginald I, Cleveland, America Fledges Wings; the History of the
Daniel Gupgenheim Fund for the Promotion of feronautics, 1952,
Discusses the importa.nce of the Guggenhelm Fund in the trailning of
aeronautical engineers.

Tom sintringham, The Story of Weapons and Tactics from Troy ito
Stalingrad (1943). Genersl survey.

George W. Gray, Sclence at yar {(1943). General Survey.

" Historical sketeh of] National Advisory Committee for Aeronautics,™
in Journal of Applied Physies, Aug. 1943, pp. 399-405.

George V. Cray, "Trial by wind Tunnel," in Harpers, April 1945,
PPe 446-55, Sketch of NACA achbivities in wartime,

Interviews and Conversations
{Conducted by Dr. lartin P. Claussen,
Historical Cffice, AAF Headquarters)

Brig. Gen., Franklin O, Carroll, Chlef, Zngineering Division, ATSC,
29 duly 1745

Col, li. C. Demler, Assistant Chief, Development Engineering Branch,
Hateriel Division, &5, 24 NHov. 1944
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. Maj. Gen. Oliver P. Zchols, AC/AS Materiel and Services, 11 lay 1945

R R. R. Graichen, Principal Aeronsutical Engineer, Office of AC/AS, M&S,
: Nov., Dec. 194k

Col. R. C. Wilson, Chief, Levelopment Engineering Branch, Materiel
4 Division, &S, Nov. 1944
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A4=3D liartin fire control, 103

A=l conpuber, 169

4=~5 Sperry autonmatic pilot, 169

A~12, 20 (n 130)

4=13 Sperry fire control, 103

A=17 afe, 26 (n 7)

A=1T7h &fc, 26 (n 7)

A1 Sperry fire control, 102

5-20, 29=-30, 170, 172

A=20h, 29-30, 170

L=26, 172

A=36, 172

AAF Board, 114, 134

AL Center, 134

ALF Uateriel Demobilization
Plan, 113

ASF Historical Office, 156 (n 113)

LAF llaterdiel Plamning Council,
112

LAF Reg. 65~60, 52 (n 83)

Aberdeen Proving Ground, ld.,
130, 133

Adjutant General, The, 35 (n 41)

" _erodrome,f 11

Merojet engine, 107

Aeronautical Enrineering, Dept.
of, 90 (n 152)

Aeronsutical Kesourees Control
Office, 161

Aeronsuties, Havy Bureau of,
42 (n 55), L3-LL, LB, 62, 67,
76: 91, 135"36’ 138, lhll"'ll-5’
153=54

derotojet engine, 107

Air Boaxd, 3, 33, 36-37, 40, 130

Air vommundications Uffice, 113

Alr Corrs Froving Ground, 130-31

Alr Gorps Tacbical ochool, 45
(n 65)

212

fir Corps Technical Comaitiee,
33, 57, 98, 109

Hircraft Production, Bureau of,
15 (n 15)3 16"'17! 20

Kircraft Radio Corp., 77

fircraft Radio Lab., 126

air Vefense Board, 133-34

Air Defense Comd., 33

air Force Combat Comd,, 130

Lirplane Lagineering Div,, 16

Lir Service, 2, 186
Chief of, 76

£ir Service Comd., 119

hir sbaff, 114=15, 193

nir Technical Sec., Chaney Mission,
160=61

Air Technical Service Comd., 55-50,

ikron, Onio, 78

Alaska, 37

Llbree afe, 21 {n 28}

ilcoa, Thy 79

Allison engines, 30, 73, 107

Aluminum Co. of America, 73, T7

fmerican Uan Co., 73

laeriecan Cyanamid Co., 73

fmerican lilitary Institute,
Library of, 1 (n 1)

Ames Aeronautical Lab,, 65, 116~17

&E Eéﬁl ’ 52 (n 83)

lrmament Sec., Chief of, 127

Army Ground Forces, 128

troy Industrial College, 46 (n 68)

Lroy-tlavy Aeronautical Board, 67,
91

Army=-lavy-British Aircraft Committee,
104

Srpy-lavy-8ribish Purchasing
Commigsion Joint Lireraft
Cormittes, 162

Army-lavy Lunitions toard Clearance
Committee, 15¢ (n 120)
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Lrriy Service Forces, 128, 135,
13-k,

:"irnold, Gen. H, Ho, 37, 39,
58, E0-21, 856, 92, 99-103,
11415, 126-27, 140, 148,
160, 176-77, 193

AT-T4, 101

Atlantic Cherter meeting, 160

Atlaatic Refining Co., 73

Asugustine, .. J., 150

sustria, 12

auborasic Flicht Coatrol
Iouigmeat, 35

Aviation Seec., Signal Gorps,
15, 19

Azon bomb, 107

B

B-10, €0 (n 130)

B-17, 144, 170-72

B-178, 31

B-17D, 159 (n 123)

g=-18, 26 (n 7)

8-121, 26 (n 7), 30-31

3-19%L, 107

B-23, 30-31

B~25, 170, 172

=254, 159 (n 123)

B-26, 172

B-22, 170

=23, 101, 106-03, 164, 17173

3-32, 102, 172

3“39’ 107

Ba~65 (Italian), 29

Bakelite Corp., 73

saker Board, 256 (n 5), 66, €0

Bane, Gol. Te Uey 17 (n 19)

Seeeh sfc, 101

Belgiuu, 12

sell iireraft Co., 27, 172

2ell Telephone labs., Inc., 73

Zell '‘felephone Systen, Th

Bendix, e Joy 77

Bendix Sviztion Corp., 77

Pendix Froduchks Div., 77

Lernal, J. D., 1 (n 1), 10 (n &),
70 (n 118), g9 (n 111-9: 151)

Berry Frothers, Ine., 77
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Lessemer process, 10

Blee, Capt. H. H., 15 (n 15)

Bloch 151 (Freanen), 29

Hloch 170/17h, 29

Boea Liaton, Fla,, 126

soeing, 24, 27-2%, 36, 75, Lk,
170=73, 179

fopgert, Capb. He 4., 150

Bomg, Laj. e Cc’ 18

Bombardrent Br., CCih, 85 (n 143}
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