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Foreword

Professor Irving Brinton Holley, Jr.’s Ideas and Weapons remains
one of the finest texts ever written on the history of warfare and weapons
acquisition. Given the enormous destructive capacity of precision weap-
ons in the modern era, and the inherent vulnerabilities of modern society
to high technology attack, this book is more relevant today than when it
was first written, in the midst of the nuclear age. As Professor Holley am-
ply demonstrates, since antiquity the side with superior weapons has al-
most inevitably emerged victorious from conflict. With the rapid
development of science and technology from 1945 onwards, the history
of the Air Force itself has, in many ways, been the history of weapons de-
velopment. Informed decision-making can ensure that future weapons
choices reflect the experience and lessons of the past. To that end, Ideas
and Weapons is a thorough and reliable work that should be a standard
reference for acquisition managers and decision-makers.

RICHARD P. HALLION
Air Force Historian






Introduction

SINCE TIME IMMEMORIAL weapons have played a significant role
in tipping the scales of victory from one side to another. The
weapons of antiquity developed slowly, sometimes imperceptibly,
from age to age and from generation to generation, but nonethe-
less the side with superior weapons almost inevitably emerged from
every struggle victorious. From prehistoric ages down nearly to
our own era, the pace at which weapons evolved was determined
by custom rather than by any systematic and conscious series of
decisions. In recent years the pace has accelerated. Advances in
science and technology have made possible the atom bomb. But the
degree to which scientific and technological advances are exploited
for military purposes depends upon the methods devised to secure
that end. The haphazard and unsystematic means of other ages
have yielded to a more orderly process of conscious decision, devel-
opment, test, and evaluation, but even so these methods have lagged
behind the creative forces of science. The vastly enlarged destruc-
tive potential of today’s weapons makes the process of selection of
great moment. The survival of nations or even of whole cultures
may depend upon the ability to procure superior weapons. It be-
hooves us to be certain that our system is adequate to ensure this
superiority. The experience of men who have grappled with this
problem in the past should prove valuable to those who must deal
with the question in the future.






Preface

This study grew out of the author’s wartime experience at Wright
Field, Dayton, Ohio. While there, during the last 18 months of World
War II, the author wrote three separate monographs relating to the devel-
opment of air materiel: “Evolution of the Liaison-Type Airplane, 1917-
1944”; “Development of Aircraft Gun Turrets in the Army Air Forces”;
and “Rotary-Wing Aircraft in the Army of Air Forces, a Study in Re-
search and Development Policies.” As these studies took shape it became
clear that all three, despite their entirely different subjects, were closely
related. Each of the studies revealed a common theme: the pace of devel-
opment for any weapon during the between-war years is chiefly deter-
mined by the extent to which its mission or operational function is known
and defined. When there is no effective system for determining doctrine,
the pace of development is necessarily slow.

The author’s interest in the problem of the development materiel led
him, in cooperation with a group of others, to undertake a program to
speed the process of translating ideas into weapons by improving existing
procedures for handling experimental projects. The student of history sel-
dom has an opportunity to put his findings to such immediate use, and
most gratifying of all was the realization that the historical approach
alone could offer the depth of perspective necessary to attack this con-
temporary problem in engineering.

A combination of the work involved in writing the three mono-
graphs and applied history encountered in the project dealing with meth-
ods of engineering led to the present inquiry. This book, part of a much
larger project, attempts to explore something of the background of the
contemporary air weapon. The study was undertaken in an effort to distill
from past experience in the development of air material those lessons
which might be of help in formulating policies for exploiting the air
weapons more successfully in the future. If the lessons derived are sound,
it may be possible to find some principles for developing weapons in gen-
eral. The cover art, a montage of two B—17s, a DH-4 and, a P-26, was
designed by Mary Walden of Air Force Central Graphics.
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Footnote Guide and Glossary ix

TuE usacE of the War Department Special Staff Historical
Division requires all histories of World War II to include a note
on footnotes, especially where archival material has been consulted.
Although this study is not a portion of the World War II series,
the practice is applicable here. Research for this inquiry involved
extensive use of two bodies of archival materials and occasional
use of several other collections. All abbreviations used in citing
these collections are listed below in the glossary, and the biblio-
graphical note at the end of the text gives a lengthy explanation
of the source materials consulted. Nonetheless, further to assist the
reader, the following sample citations are presented to illustrate
the peculiarities of usage involved here.

The citation NA, BAP Hist. Box 80, 452.1 Airplanes, Gen-
eral means, at length, National Archives, Bureau of Aircraft Pro-
duction Historical File, shelf box number 30, file folder catalogue
number 452.1 (according to the decimal file system of the War De-
partment) entitled Airplanes, General. Similarly, the citation NA,
WWI Orgn. Records, A.S. Hist. Records Box 1 means, in full,
National Archives, World War I Organization Records, Air
Service Historical Records, shelf box number 1. The citation AAF
Archive refers to items in the collection of files maintained by the
Air Historical Office of the AAF. Actually there is no such official
designation as AAF Archive, but in the absence of a descriptive
phrase differentiating between the administrative files and the
historical files of the Air Historical Office some such arbitrary
description appeared necessary.

For the reader who is not familiar with the problems of citation
encountered in publications of the War Department and Congress,
as well as to simplify the problem of using citations in general, the
practices mentioned below are singled out for special attention.
Where titles are used in a number of chapters, the citation is re-
peated at length at its first appearance in each new chapter. Where
multivolume Congressional hearings or other complicated docu-
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ments are used, each citation is repeated in full. Such repetition
may appear needlessly cumbersome, but avoiding the confusion
which would result from different days of testimony, different sets
of page numbers used in reprints, and other such irregularities
makes full citation worth the trouble.

Congressional publications pose no end of problems with respect
to citation. Style manuals, for the most part, wisely avoid the
subject as if it were the plague. Common sense has been the deter-
minant where precedent is unknown. Where Congressional docu-
ments are undated save by the traditional phrase “ordered to be
printed,” that date has been chosen. The author has occasionally
employed brief forms in lieu of yard-long descriptive titles.

In citing publications of the War Department, it has not ap-
peared necessary to add the obvious information: Government
Printing Office (GPO), Washington, in addition to the date. All
publications of the War Department, unless otherwise indicated,
are printed by the GPO in Washington. The old army custom by
which a superior officer puts his name to the work of Juniors is
annoying when encountered in*academic circles, but there can be
no escape from the practice where the chain of command prevails.
Departmental publications generally have been credited to indi-
viduals where Library of Congress classification credits the indi-
viduals; otherwise publications are credited to the organization
of origin.

The question of military abbreviations is always vexing. In such
a study as this, prepared for both military and nonmilitary read-
ers, the question is peculiarly difficult. Such a common term as
AEF needs no explanation. On the other hand, lay readers might
find OCSigO rather esoteric. With regrets for brevity, all such
organizational designations have been dropped or, where used,
explained at length. The glossary may be consulted should one
find these precautions insufficient.

One last word remains to be said on citation. Manuscript studies,
e.g., typescript drafts of chapters in the Bureau of Aircraft Pro-
duction history, are cited in quotation marks to differentiate them
from correspondence, military reports, staff studies, and other
similar administrative material. Where the writer of these manu-
seript studies is unknown, the reader may reasonably assume that
he was a member of the organization mentioned in the portion of
the citation following the subject matter. Where, in the prepara-
tion of this study, the author consulted typescript drafts of chap-
ters such as the one mentioned above and, in addition, checked the
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contents of the draft against the-working papers from which it was
written, these papers are mentioned as'“research data” in the ac-
companying citation. The bibliographical note discusses this prob-

lem in greater detail.

Act.
Admin.
AFCF
AGO
A.S.
Asst.

BAP

Com.
Cong.

Dir.
Div.
DMA
Doc.
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Exec.
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Hist.
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PART ONE : The Problem Presented



Chapter I. The Development of Weapons:
Procedures and Doctrine

Ax ExcrisH arMY of several thousand men led by a renowned
officer landed on the coast of Normandy and pressed eastward in
a raiding expedition penetrating almost to Paris. The officer was
Edward III, king of England, the time, July 1346. However re-
mote the day, now more than 600 years past, the expedition is
still worthy of study for its military lessons.

Edward’s troopers loitered and plundered along the way until
they were suddenly confronted with a French host hurriedly
gathered to resist their advance. The spot was not a strategic one
for battle, and since the fleet of convoys which carried the English
army across the Channel had returned home, retreat along the
path of advance was impossible. The only alternative to fighting
was withdrawal toward Flanders. Crossing the Seine near Paris,
the English made for the Somme, but here they found the cross-
ings guarded as they tried the fords one after another down the
length of the river. At last, with some difficulty the whole English
force managed to slip across the salt flats below Abbéville just
ahead of the flood tide which prevented French pursuit for a full
12 hours. With the period of grace thus secured, Edward led his
troops through the forest of Crécy and at leisure selected a defen-
sive position with the wood at his back and a long, gentle, down-
ward slope of open ground before him. Here, on a site of his own
choosing, the king drew up his men in battle array, three great
blocks or batailles of dismounted knights and men-at-arms with
connecting ranks of archers armed with English longbows.

The French forces under King Philip of Valois approached this
position in a disorder which reflected both the speed of pursuit and
the confusion of a hurried river crossing. Against the French king’s
wishes, the rash and undisciplined feudal lords assailed the Eng-
lish position. Each new group of Frenchmen to arrive on the
scene thrust forward in attack, and without exception each suffered
the same fate; the archers with English longbows stopped the
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drive before the French could fairly engage the standing men-at-
arms and dismounted knights.

Medieval chronicles are notoriously unreliable when dealing
with numbers, but even if one rejects Froissart’s figures, the evi-
dence still indicates that the English won the Battle of Crécy with
a force approximately half that of the French. And with so mark-
edly inferior a force the English archers ended the long supremacy
of feudal cavalry. If the French dead in this battle (more than
1,500 “lords and knights” on the field of Crécy) were not enough
to spell out the revolution achieved by the longbow, later events
in the Hundred Years’ War, when the French learned to dread the
English arrow, made the implications of the new weapon only too
clear.! Sir Charles Oman says the fight at Crécy was “a revelation
to the Western World,” a startling demonstration of the suprem-
acy of the longhow over the armored knight on horseback.

One would assume that the English kings must have been seeking
eagerly to counterbalance their country’s inevitable numerical in-
feriority with such a weapon as had wrought this revolution in arms.
On the contrary, the longbow appears to have been on the English
back doorstep for nearly 250 years before Crécy. English warfare
from the time of the Norman invasion to Edward I—1066 to
1277—was of two sorts: Continental wars in which mailed horse-
men did the principal fighting and infantry were of little con-
cern and local wars with the Irish and Welsh. A Welsh historian,
Giraldus Cambrensis, whose Ezpugnatio appeared sometime in
the middle of the 12th century, wrote at length on the Welsh use
of the longbow in the border wars and recommended an increase
in the number of Welsh archers in the Anglo-Norman armies to
enhance their firepower.? Like the advice of many military histo-
rians, this proposal appears to have gone unheeded.

The bow, of course, had long been known in England. Archers
armed with the short bow, known since Roman times, had par-
ticipated in the fray at Hastings. But the insignificance of the
bow is revealed by the absence of any mention of it in the Assize
of Arms held by Henry II in 1181. By the time of the next assize
in 1252 during the reign of Henry III, the influence of the Welsh
had become apparent; citizens with 40-shilling holdings or less
were required to appear at the muster armed with the longbow.
During the Welsh and Scottish border wars of the 18th century,

1. This account is based upon Charles Oman, 4 History of the Art of War in the
Middle 4ges (London, Methuen, 1898), pp. 597-615.
2. Ibid., p. 400,
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Edward I perfected the use of the longbow in conjunction with
cavalry until finally in 1298 at the Battle of Falkirk the English,
using longbows, demolished a Scots force under Wallace. Unfor-
tunately, English chroniclers in recording the battle “forgot that
the archers had prepared the way, and only remembered the vic-
torious charge of the knights at the end of the day.” ® The im-
portance of comprehensive tactical analysis was unrecognized, and
Edward’s lesson was lost when the king died in 1306 without leav-
ing a written record of his military art. When the Scots under
Robert Bruce put Edward’s son and his English army to rout at
the Battle of Bannockburn in 1814 by using a judicious combina-
tion of cavalry and longbowmen, Bruce proved himself the abler
pupil of Edward I. The training acquired in continual border
wars enabled Edward III to lead to Crécy an army skilled in the use
of the longbow, which worked such havoc among the “fiery and
undisciplined noblesse” of the French.

Oman finds it “rather surprising” that Edward III was so slow
in heeding the “obvious” lesson of the preponderant influence of
the longbow and increasing the proportion of bowmen in his
forces.* How much more surprising is the painfully slow advance
of the longbow as an English weapon. There are nearly 250 years
between Giraldus Cambrensis’ advocacy of the Welsh elm bow and
Crécy, yet the lesson of the border wars was plain: a new weapon
gave one side an advantage over the other. Crécy is chosen to il-
lustrate this principle because the battle took place over 600 years
ago and is sufficiently remote to be free from all interests, preju-
dices, and emotions which surround so many present military
practices. Other examples are plentiful. In 479 B.c. at the Battie
of Plataea the Persian rabble fled in dismay before Greeks using
an mnovation in warfare, which consisted of a phalanx of troops
marching in step with shields aligned—in truth, a mobile armored
force.® In the spring of 1940 a handful of British fighters broke
the back of the German aerial invasion because they had an in-
novation called radar.

Sometimes the advantage of a superior weapon is decisive before
countermeasures can be evolved. It follows then that the methods
used to select and develop new weapons and the doctrines concern-
ing their use will have an important bearing upon the success or

8. Ibid., p. 569.
4. Ibid., 2, 57-124,

5. T. Wintringham, The Story of Weapons and Tactics from Troy to Stalingrad
(Boston, Houghton Mifflin, 1948), p. 29,
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failure of armies—and of nations. A brief résumé of some of the
more important developments in weapons and the circumstances
surrounding their adoption in the United States should provide
an adequate perspective for the narrower problem which is the
subject of this study. One need go no further back than the 19th
century.

Consider, for instance, the annual report of Joel R. Poinsett,
Secretary of War in 1840, which discussed at length the problem
of introducing new weapons. After reviewing a number of projects
undertaken by the Ordnance Department the secretary declared
that the necessities of national security generally inclined him “to
discountenance” all “new inventions” unless convinced of their
superiority “by long-tried experiments in the field.” In the matter
of breech-loading weapons, the secretary was emphatic: “I fear
that every attempt . . . will fail as they have hitherto done, after
involving the government in great expense.” On the other hand, the
percussion cap for flintlock muskets found official favor inasmuch
as this particular innovation had been “fairly tested in the field
by the armies of Europe.” ¢ The policy of the War Department,
it appears, was to follow, not lead. When a patent breech-loading
carbine was offered to the department in 1842, the Colonel of
Ordnance agreed to a trial of the new weapon but noted that it
was not customary for the government to incur any expense beyond
the consumption of ammunition. The colonel was quick to point
out that not all the fault lay with Ordnance: “A prejudice against
all arms loading at the breech is prevalent among officers, and
especially the Dragoons.” Moreover, the colonel doubted that the
new breechloader could be introduced into the service even if it
were found to be better than other models.”

Between 1842 and 1845 the Ordnance Department conducted
a number of tests on breech-loading weapons. The results were
extremely discouraging, as might be expected of a new techno-
logical process in the testing stage. The Colonel of Ordnance, an
official whose status might be fairly translated as Chief of Ordnance
in later times, reported on the problem to the Secretary of War:

Upon due consideration of the subject the department de-
cided on abandoning the manufacture of breech-loading

6. Brig. Gen. S. V. Benét ed., 4nnual Reports and Other Important Papers Re-
lating to the Ordnance Department (Washington, Government Printing Office [here-

after GPO], 1878), 1, 381-2; hereafter cited as Ordnance Reports. See below, bib-
liographical note.

7. Ibid., 1, 435-6.
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arms, and have followed in the steps of the great powers of
Europe, deciding that a diversity of arms was productive
of evil, and adopting those of ordinary construction which
are the simplest and easiest managed by the common soldier.

So firmly convinced of the virtues of muzzle-loading muskets of
“ordinary construction” was this colorful colonel that he put
himself on record concerning the soon-to-be-famous Colt’s patent
arms: “That they will ultimately all pass into oblivion cannot be
doubted . . .” Meanwhile, he warned, it would be well for officers
to take care not to be “ensnared again by the projects of inven-
tors.” 8 The patent carbine which the Colonel of Ordnance found
so undesirable was able to fire more than 14,000 rounds before it
broke down in proving trials. Unfortunately a service test with
troops in the field was hard to obtain. The company officer to
whom the carbines were issued must have been a dragoon; he re-
plied, when pressed for a report on service tests, that the carbines
were not worth the storeroom they occupied.® A hundred years
later, procedures for following up service tests were still a trouble-
some matter.

When summarizing the whole problem of breechloaders in 1851,
a subsequent Chief of Ordnance made it clear that his department
was not utterly blind to the innovation. He admitted the real ad-
vantage of breech-loading weapons but indicated that these ad-
vantages were difficult if not impossible to obtain without sacrificing
the essential qualities of simplicity and durability. The depart-
ment would continue to use muzzle-loaders until it encountered
“convincing proof” of superior breechloaders.!® Here then was a
step forward. The Chief of Ordnance recognized the validity of the
principle of breech-loading and differentiated between the princi-
ple as an objective sought and individual inventions which failed,
for mechanical or technical reasons, to satisfy the requirements of
the principle. His view represented a marked advance over the at-
titude of the previous Colonel of Ordnance who had summarily
rejected the principle of breech-loading weapons merely because
repeated attempts at application had ended in failure.

By 1859 war and the rumor of war had worked a real change in
the Ordnance Department, which now professed to “encourage the
application of scientific knowledge and mechanical skill to im-

8. Ibid., 2, 8-4.
9. Ibid., 2, 8-9,
10. Ibid., 2, 381.
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provements in arms.” The department was on the verge of adopt-
ing a breech-loading carbine, but “uniformity of armament” was
80 obviously essential for training and for supply of ammunition in
time of war that Ordnance officials were reluctant to issue any one
new type before deciding upon the best. The final selection, it was
pointed out, might well fall upon an arm “not yet invented.” 11
This desire for the utmost qualitative superiority was admirable,
but with open rebellion a few months off, the time for decisions on
what to produce was already at hand, even if it was a weapon
somewhat short of the ideal. Secretary of War John B. Floyd was
certainly not unaware of the potentialities of breechloaders. A fter
reviewing the “wonderfully numerous” experiments with the in-
novation, he considered the best of the weapons “by far the most
efficient arms ever put into the hands of intelligent men” and
recommended that immediate steps be taken to arm all light troops
with breechloaders. To do less, he declared, was “an inhuman econ-
omy.” *2 Unfortunately for the Federal cause, in this respect at
least, Secretary Floyd “went South,” and the Ordnance Depart-
ment continued to seek the best breechloaders but not to issue them.

As late as February 1861 the Colonel of Ordnance declared that
the muzzle-loader of the service was “unsurpassed for military
purposes.” And the value of repeating arms was curtly dismissed
by the colonel, who pointed out that they had been known to mis-
fire and that front-rank men would be “more in dread of those be-
hind than of the enemy.” That repeating arms would do away
with the tactical maneuver of multiple ranks attacking in close
order across open ground seems never to have occurred to this of -
ficer. His was by no means an isolated expression of opinion. At
about the same time another Ordnance officer said of the musket
issued by the United States that there is “no superior arm in the
world,” an opinion he was willing to back by proposing that the
Ordnance Department absolutely refuse to answer any requisitions
for new and untried arms.

By 1864 the pressure of wartime operations had changed a great
many opinions and replaced several key officers in the Ordnance
Department. The new officials accelerated the pace of experiment,
and both breechloaders and repeating arms were issued in relatively
small quantities to the troops in the field for service tests. While

11. Ibid,, 2, 669,

12. Secretary of War, 4nnual Report, 1860, Sen. Doc., 86 Cong. 2 Sess., Vol 2.
13. Ordnance Reports, 4, 842-5,
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lamenting the difficulties of securing accurate reports from the
troops on the merits or demerits of any given weapon, the new
Chief of Ordnance reported that urgent demands from the field
left no doubt that repeating arms were the favorite of the army.* -
Similarly, Secretary of War E. M. Stanton was informed that
breech-loading weapons were now “greatly superior” to the musket
manufactured by the national armories and that the time had come
to decide upon a breechloader for issue to the service. The moment
was in December 1865.1°

To assume that the adoption of breechloaders must be a simple
matter, once official opinion lined up behind the project, would
be naive. There is a great difference between the giving of an
order and its actual execution in every detail. In 1867 when the
war was safely in the background, a Joint Congressional Com-
mittee on Ordnance presented a resolution to stop the modification
of service muskets into breechloaders since such modification would
render useless existing stocks of ammunition.'® Reasons of economy
no doubt motivated this Congressional interference in a technical
decision. Congress might well have interfered sooner, for there
were more than a million obsolete muskets unissued at the end of
the war.!?

The well-known British military critic and student of war, Lid-
dell Hart, in commenting on the Union and Confederate armies,
credits the few repeating arms which actually reached the hands
of Federal troops in action with a “decisive influence” out of all
proportion to their numbers. He bolsters his contention by quoting
Confederate Gen. E. P. Alexander to the effect that the war might
have been terminated within one year if the Federal infantry had
been equipped with even the imperfect repeaters of 1861 design.!8
Liddell Hart makes a point of exceptional importance. In spite of
the high quality of generalship exhibited in the war, armament
lagged “well behind the pace of invention.” But more important
than the hither edge of invention, which sometimes lies beyond the

14. Ibid., 4,882-8.

15. Ibid., 4,893—4. See also F. A. Shannon, The Organization and Administration of
the Union Army; 1861-1865 (Cleveland, Arthur H. Clark, 1928), p. 142.

16. Ordnance Reports, 4, 908.

17. Shannon, Union Army, p. 128, from War of the Rebellion; compilation of

official records of Union and Confederate Armies (Washington, GPO, 1880-1901),
Ser. 8, 5, 145,

18. B. H. Liddell Hart, The British Way in Warfare (London, Faber and Faber,

1932}, pp. 121-2. See also E. P. Alexander, Military Memoirs of a Confederate (New
York, Scribner’s, 1908).
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scope of production, was the failure to utilize new weapons which
were not only technically possible but capable of being produced
on an extensive scale.

Shannon, the author of a classic study on the Union Army,
makes the same point even more forcibly. The North, with its con-
trol of the seas and adequate industry, was free to choose the
weapons it wanted. Unfortunately, the North’s choice was not the
best weapon available but a musket modified since the Revolution
by little more than the addition of the percussion lock and rifling.
Thus the North fought with the same weapons available to the
South and made slight use of the superior arms within its grasp.
Shannon considers it a strange paradox that the North used every
means, including bribery, to increase its firepower by pressing
more and more men into the ranks and at the same time failed, until
late in the war, to increase firepower by putting better weapons in
the hands of the trained men already in the ranks.1® Eighty-odd
years later the problem of correlating technological advance in
weapons with higher national policy was still far from being en-
tirely solved.

If armies have been slow in applying the maxim that superior
arms favor victory, it may be shown that their intransigeance has
resulted to a great extent from three specific shortcomings in the
procedure for developing new weapons. These shortcomings ap-
pear to have been: a failure to adopt, actively and positively, the
thesis that superior arms favor victory; a failure to recognize the
importance of establishing a doctrine regarding the use of weap-
ons; and a failure to devise effective techniques for recognizing
and evaluating potential weapons in the advances of science and
technology.

Although military men have been slow to recognize and put into
practice the thesis that superior arms favor victory, military writ-
ers down through the ages have given some recognition to the im-
portance of weapons. Vegetius in his Military Institutes, which
has been aptly described as the field service manual of the Imperial
Roman Army, recognized the relative importance of materiel.
“The Legion,” said Vegetius, “owes its success to its arms and
machines, as well as to the number and bravery of its soldiers.” 20
Authorities can be found repeating the truism in every century

19. Shannon, Union drmy, pp. 108-9, 140, For pertinent comment on this prob-
lem in World War II, see J. P. Baxter I11, Scientists against Time (Boston, Little,
Brown, 1946), chap. ii.

20. Vegetius, Military Institutes, tr. John Clarke (London, 1767), Bk, II,
sect. xxv.
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down to our own, pointing out that fighting soon led men to special
inventions which they turned to their advantage.?! Yet a decided
disparity has prevailed between frequent assertion of the thesis
that inventions could be put to military advantage and the paucity
of studies on the application of the thesis in practical terms. Most
military writers have bowed obsequiously in the general direction
of the principle, but having done this they rush on to the sup-
posedly more important subjects of strategy and command. Some-
times tactics are treated with attention to detail, but weapons have
generally been dismissed with the slighting treatment combat sol-
diers usually reserve for rear-echelon supply troops. A bare hand-
ful of writers has specialized in the problem of weapons; almost
all others, dealing more generally with warfare, have either rele-
gated the subject to a minor position or ignored it entirely.22
The great Karl von Clausewitz, who dominated military think-
ing for nearly a hundred years following the demise of the Napo-
leonic Empire, admitted in Vom Krieg that superiority in the or-
ganization and equipment of an army has at times given “a great
moral preponderance,” but having made this concession he points
out how clear it must be that “arming and equipping are not es-
sential to the conception of fighting.” Even while conceding that
fighting determined the character of arms and that arms modified
the character of war, Clausewitz restricted the “art” of war, by
entirely arbitrary definition, to the actual conduct of battle. To
include the problems of arms and equipment, he said, would be to
establish a special case rather than a timeless principle.2? Unlike
Adam Smith, Clausewitz wrote after the Industrial Revolution was
well under way, but his writings show an utter lack of appreciation
of the implications for the development of weapons in the new
mechanization. Just how static Clausewitz’ concept of the evolu-
tion of weapons was is shown in his contention that “completing

21. See, for example, Karl von Clausewitz, quoted in J. F. C. Fuller, 4rmament
and History (New York, Scribner’s, 1945), p. 1. See also J. F. C. Fuller, The Foun-
dations of the Science of War (London, Hutchinson, 1926), p. 146, in which he quotes
}(;Jarlylfl’s Sartor Resartus, chap. v: Man, “without tools he is nothing, with tools

e is all.”

22. A survey of three representative military collections—the War Department
Library, the National War College Library, and the Library of the American Mili-
tary Institute—gives ample evidence of the comparative neglect of the problem by
military writers until very recent years. Probably the most prolific but not neces-
sarily the most influential of the few students of the importance of armament is
Brig. Gen. J. F. C. Fuller.

23. Carl von Clausewitz, On War, tr. J. J. Graham from German 8d ed. (London,
1878), 2, Bk. II, chap. i, 43, and 3, Bk. V, chap. iii, 8.
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and replacing articles of arms and equipment . . . takes place
only periodically, and therefore seldom affects strategic plans.” 24
Weapons, it would appear, were taken for granted by the military
theorists of the 19th century. Baron de Jomini, who was perhaps
the leading military theorist of that century next to Clausewitz,
made a concession to materiel in granting extensive consideration
to logistics; yet even he defined logistics in the former sense of
“the practical art of moving armies” rather than in the broader
contemporary definition which embraces more of the element of
production.2s

The myopia demonstrated by these theorists had a profound
influence upon those military leaders who dominated the profes-
sion of arms down to World War I. General Foch, when he pub-
lished his Principles of War in 1903, carried on in the tradition of
Clausewitz. His “principles” concerned strategy and tactics or the
use of weapons. The selection, development, and procurement of
superior weapons he ignored or assumed. When Foch at length
came to dominate the councils of both France and the Allies, his
emphasis on personnel rather than materiel helped determine the
character of the armies that fought in World War I1.2¢ The ab-
surdities created by the failure to emphasize the importance of
superiority in weapons in the years leading up to 1914 were no-
where more vividly portrayed than in France. In the nation of the
mass army Gen. F. G. Herr reported the prevailing attitude : “The
battle will be primarily a struggle between two infantries, where
victory will rest with the large battalions; the army must be an
army of personnel and not of materiel.”” 27 This attitude probably
marked the apogee of neglect for the thesis of superior weapons.

The events of World War I abruptly focused attention upon
the relative significance of materiel in securing victory. The Italian
general Douhet, philosopher of air power, expressed the new em-

24. Ibid., 1, Bk. II, 180. See also Karl von Clausewitz, Principles of War, tr.
H. W. Gatzke ( Harrisburg, Military Service Publishing, 1942), an attempt to
distill “timeless principles,” which is the more pointedly futile for its failure to
embrace the potentialities of the development of weapons.

25. Baron A. H. Jomini, The A7t of War, tr. W, P. Craighill and G. H. Mendell
(London, 1862). See also Logistics, Vol. 1, No. 1 (Oct. 1945).

26. Liddell Hart, The British Way in Warfare, pp. 11, 93. See also F. Foch, The
Principles of War, tr. J. de Morinni from 1903 French ed. (New York, H. K. Fly,
1918). For an example of Foch’s influence in favoring manpower over materiel, see
Foch-Pershing cable of 23 June 1918, cited in J. J. Pershing, My Experiences in the
World War (2 vols.; New York, Frederick A. Stokes, 1931), 2, 123.

21. Gen. F. G. Herr, L’ Artillerie, pp. 4-5, quoted by Fuller in The Foundations of
the Science of War, p. 29.
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phasis on materiel when he said, “The form of any war . . . de-
pends upon the technical means of war available.” 28 Douhet was,
of course, a theorist whose writings could be said to represent little
more than his own personal opinions ; the writings of the Ameri-
cans, Crowell and Crozier, on the new importance of industry and
weapons in modern warfare were more significant as indices of the
new trend.?® World War I awakened in military circles a new
realization of the importance of weapons, but the emphasis was on
quantity rather than quality. The first postwar report by the
Secretary of War emphasized the need for a broader scope of train-
ing for military men. New weapons and new methods of warfare,
the secretary said, made it “specially apparent” that staff officers
should have not only a wider knowledge of their purely military
duties but also a “full comprehension of all agencies, governmental
as well as industrial, necessarily involved in a nation at war.” 3°
This new awareness of the importance of industry received posi-
tive expression in the postwar provisions made for the planning of
industrial mobilization and in the formation of the Army Indus-
trial College to train officers in its techniques.3! But materiel alone
did not signify superiority of weapons: planning for industrial
mobilization emphasized quantitative procurement, more weapons
rather than better weapons. To be sure, centers for research and
development and the millions devoted to improving weapons dur-
ing this period show that the concept of superior weapons was not
entirely neglected between the two world wars. Nevertheless, it
was not until World War IT and the approach of total war that
military men and governments generally accepted and imple-

mented the thesis of superior weapons as a cardinal tenet of mili-
tary policy.3?

28. G. Douhet, The Command of the dir, tr. Dino Ferrari from 1921 Italian ed.
(New York, Coward McCann, 1942), Bk, I, chap. i, p. 6.

29. Benedict Crowell, Asst. Secretary of War, dmerica’s Munitions; 1917-1918
(Washington, GPO, 1919), and William Crozier, Chief of Ordnance, Ordnance and
the World War (New York, Scribner’s, 1920). Both of these authors spoke with
semiofficial authority, for they wrote from the records and experiences of the war
in which they each had had important roles with regard to materiel.

80. Report of Secretary of War, dnnual Reports of the War Department, 1919,
1, 28.

81. J. M. Scammell, “A History of the Army Industrial College” (MS history,
TICAF Library, 1947), passim.

82. The term “total war” is a generalization frequently abused. During World
War II approximately 59% of industrial production in the United States (1942~
44) was devoted to war purposes. See U. S. Department of Commerce, Survey of
Current Business (Feb, 1946), p. 13. The belated formation in 1948 of the New De-
velopments Division of the War Department General Staff after considerable
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To carry the résumé of changing attitudes toward the thesis
that superior weapons favor victory down through World War II
would be to go beyond the scope of this study. The brief review
already presented is useful, nevertheless, in that it makes more
understandable the comparative paucity of interest and attention
which military men have until recently devoted to the problem of
revising doctrine to embrace new weapons. Without a tradition
of positive and active adherence to this thesis as a prior condition,
it is not surprising that the problem of relating doctrine to tech-
nological advance in weapons received only belated attention, in
most instances long after the weapon itself had become available.

Superiority in weapons stems not only from a selection of the
best ideas from advancing technology but also from a system which
relates the ideas selected with a doctrine or concept of their tactical
or strategic application, which is to say the accepted concept of
the mission to be performed by any given weapon. Protracted and
serious delays in the adoption of superior weapons have led critics
to charge military men with congenital conservatism.?® But it
has sometimes happened that new weapons have been developed,
adopted as standard, issued, and then neglected for lack of ac-
cepted doctrine regarding their use. It has probably more often
happened that new weapons have been adopted and even used to
a certain extent but that their full potential value has remained
unexploited because higher policy-making echelons have failed to
modify prevailing doctrine to embrace the innovation. New weap-
ons when not accompanied by correspondingly new adjustments
in doctrine are just so many external accretions on the body of an
army.

Liddell Hart cites the case of Capt. Emile Mayer of the French
army. A contemporary of Foch and Joffre at the Ecole Polytech-
nique, Mayer accepted a position as military editor for the Revue
scientifique where he became aware of the impact of military in-
vention on doctrine. His prolific writings developed the thesis that
new ideas—smokeless powder, for example—demanded new doc-
trines of war. Unfortunately, the revised doctrines he advocated

civilian pressure had been exerted is but one example of the lack of military emphasis
on superior weapons. Another sign of the comparative neglect of superior weapons
may be seen in the curriculum of the Army Industrial College, which did not em-
%l;asize the critical importance of research and development until after World
ar II.
83. See, for example, Brig. Gen. E. McFarland, Asst. Chief of Ordnance, “Trend

in Weapons Types and Design,” Journal of the Franklin Institute, 230, No. 4 (Oct,
1940), 415. -
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did not jibe with prevailing French military policy. Mayer was
retired as a captain long before his contemporaries who were more
willing to conform to accepted doctrines.®* The incident is note-
worthy only insofar as it serves to emphasize the difficulties involved
in attempting to modify existing military thought. To introduce
radical changes in the doctrines of warfare is to run headlong into
the opposition of the entrenched interests. The bowyers’ and fletch-
ers’ guilds were probably mortal enemies of the advocates of gun-
powder. The belated demise of cavalry in the United States during
1946 and the anachronistic survival of captive balloons for the
purpose of observation until the eve of World War II give some
indication of the obstinate resistance of military institutions to
doctrinal changes. But for all of this, the greatest stumbling block
to the revision of doctrine was probably not so much vested in-
terests as the absence of a system for analyzing new weapons and
their relation to prevailing concepts of utilizing weapons.

“Victory smiles upon those who anticipate changes in the char-
acter of war,” Douhet wrote, “not upon those who wait to adapt
themselves after the changes occur.” 35 Unfortunately, military
men have had difficulty in providing the means of anticipating
changes. General Fuller, one of the most prolific of British writers
on warfare, may be unduly harsh when he says “soldiers are mostly
alchemists,” but he is probably correct in attributing the difficulty
to a lack of scientific method in analyzing the elements comprising
the revolutionary changes which have modified the character of
warfare.®® To go further into the reasons why armies have been
slow in adjusting doctrine to advances in weapons would be
to digress needlessly. Here it is important only to recognize the
implications of this shortcoming. The events surrounding the de-
velopment of doctrine for three well-known weapons will serve to
illustrate the point that to adopt a new weapon without a new
doctrine is to throw away advantage.

The machine gun was no new invention in 1914. As early as
1885 the modern machine gun was known in the United States.
Even though the weapon had not yet emerged from the experi-
mental stage, the Chief of Ordnance predicted then that it would
in the future become “a prominent factor in every contest.” 37

34. Liddell Hart, The British Way in Warfars, p. 49.

85. Douhet, The Command of the 4ir, Bk. I, p. 80. Liddell Hart, The British Way
in Warfare, p. 121, has almost the same thought.

36, Fuller, The Foundations of the Science of War, pp. 23, 81.

87. Ordnance Reports, 3, 190, See abave, p. 6 n. 6.
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Some years later, during the Russo-Japanese War of 1905, British
observers reported that machine guns were working a “great exe-
cution.” 3 But the experience of the Russo-Japanese War had
no influence on British military doctrine as far as machine guns
were concerned. Before the observers reported on the startling ef-
fectiveness of the novel weapon in actual warfare there were 24
machine guns in each British division or two per battalion. In
1914 the machine-gun strength of each division was exactly what
it had been in 1899. In view of the scale of expenditures for other
types of weapons during this period, it must certainly have been
military policy and not limited appropriations which determined
the number of machine guns authorized. By the end of 1918 there
were over 500 machine guns in each British division.?® The in-
crease represented a revolution in concept, in doctrine, not a tech-
nological development.

Technical advances, to be sure, appeared in the machine gun
during the period of World War I, but these were improvements
and modifications rather than basic changes. The increased number
of machine guns in each British division represented an advance in
doctrine carried out at tremendous cost in blood. Even when
prompted by mounting casualities, revision of the conventional
doctrine was not easy. As late as 1915 one British commander con-
sidered the machine gun “a much over-rated weapon.” Moreover,
despite frequent German demonstrations of the machine gun’s
value, he felt that two per battalion were “more than sufficient.” 40
On the other hand, Brig. Gen. C. T. Baker-Carr, a British officer
who played one of the leading roles in revising doctrine on machine
guns, probably recognized the real nature of the problem. He saw
the delay in modifying military doctrine to fit the requirements of
the new weapon as “the fault of the system” rather than “the fault
of the individual.” Baker-Carr possibly came even closer to the
heart of the matter when he said, “The chief trouble at GHQ was
that there was no one there who had time to listen to any new
idea.” *! His observation is all the more revealing in that it echoes
a sentiment expressed by Sir Percy Scott, “the Admiral Sims of

88. Reports from British Field Officers Attached to the Japanese and Russian
Forces in the Field, 2, 56, cited in Fuller, The Foundations of the Science of War, p-
22. See also War Department General Staff, Reports of Military Observers, MID
Report No. 8, Pt. 5, March 1907.

?;% Col. J. F. C. Fuller, The Reformation of War (New York, E. P. Dutton, 1923),
p. 86.

40. Brig. Gen. C. D. Baker-Carr, From Chauffeur to Brigadier (London, E. Benn,
1930), p. 87.

41. Ibid., p. 89.
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the Royal Navy.” Admiral Scott considered the blindness of the
Admiralty to new ideas a direct result of the failure of “adminis-
trative machinery” to provide “time to think of the needs of the
future and how they should be met.” 42 For want of “time to think”
and for lack of an organization specifically charged with the
function of relating doctrine to advances in weapons, the ma-
chine gun, although a standard item of equipment in 1914,
was not fully exploited until well into the middle of World
War 1.

The tank, like the machine gun, came into prominence during
World War I, but unlike the machine gun it evolved almost en-
tirely within the war years. Interesting and pertinent though they
may be, the details of the process by which the War Office (and the
Admiralty, for that matter) were led to consider the idea of an
armored tractor and develop it as a weapon lie somewhat beyond
the horizon of this study. Nonetheless, the history of the tank, once
it was produced in quantity and utilized in combat, closely parallels
that of the machine gun. It might well be argued that from the bat-
tle of the Somme in September 1916 until Cambrai in November
1917 the tank was in the stage of proof testing. But the reduction
in casualties and the ground gained when tanks were used there-
after conclusively showed the new weapon to be a revolutionary
contribution to warfare. It is true that at the end of 1917 the tank
still had far to go, but it had reached a point where even as an im-
perfect and faulty mechanism it was capable of exerting a sig-
nificant influence in battle. Even so, in April 1918 the Royal Tank
Corps was reduced from 18 to 12 battalions because infantry
reinforcements were falling short.*® In the crisis British military
leaders clung to accepted doctrine; they favored manpower over
materiel in securing victory. And even after the crisis had passed
and while there was “time to think,” official opinion continued to
favor traditional concepts. The infantry was still considered “the
arm which in the end wins battles,” and the rifle and bayonet were
thought to be the infantryman’s “chief weapons.” 44

The same thought echoed officially in the United States, al-

42. Adm. Sir Percy Scott, Fifty Years in the Royal Navy (New York, Geo. H.
Doran, 1919), pp. vi~vii. For a similar criticism of the administration of the War
Office in Kitchener’s time, see Graham Wallas, The Art of Thought (London, J. Cape,
1926), p. 137.

43. Fuller, The Reformation of War, p. 116, and Armament and History, p. 140,

44. British Army Field Service Regulations, 1924, quoted by Fuller in The Foui:-
dations of the Science of War, p: 80.
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though the Surgeon General’s statistics gave some evidence that
the rifle and bayonet may not have been so important after all.*s
Military doctrine was slow to embrace the full implication of the
tank. “I laugh at ideas,” Marshal Foch is reputed to have said.
“However good they may be, they possess value only insofar as
they are translated into facts.” 8 The tank was an idea; it had
been translated into fact; yet its full value went unrecognized at
the end of the war. Wars, it would appear, are governed not by
the development of weapons but by such fractions of that develop-
ment as have been recognized and incorporated into approved mili-
tary doctrine.

The introduction of gas warfare presents a case somewhat simi-
lar to that of the tank. Two German scientists, Walther Nernst
of the University of Berlin and Fritz Haber of the Kaiser Wilhelm
Physical Institute, worked out the details of production and ap-
plication of poisonous gas for use in the field. Then on 22 April
1915, at a point somewhat north of Ypres where the French and
British lines joined, the Germans released a gas attack along a
five-mile front. The results were staggering. After a 15-minute
attack some 15,000 troops were thrown into confusion, and a
great breach opened in the Allied lines. The British and French
forces managed to close the breach but only after suffering 5,000
casualties and the loss of 60 field guns as well as other stores and
equipment. In a war of position where every significant advance
necessarily involved breaching the enemy’s line as a preliminary
condition, the gas attack at Ypres presented the German forces
with an amazing opportunity. That they did not exploit the ad-
vantage resulted directly from a failure of the high command to
adjust doctrine so as to meet the potential of the new weapon. But
subsequent notable successes with gas—for example, the defeat of
the British Fifth Army in March 1918—showed that the German
high command was not always slow to learn from its own mis-
takes.*” Statistics strengthen significantly the impression that the
enemy in World War I recognized the full importance of relating
doctrine with novel weapons. Figures compiled by the Surgeon

45. Report of Chief of Staff, 4nnual Reports of the War Department, 1920, Vol. 1.
Gunshot and bayonet wounds show a comparatively low incidence in relation to
casualties from other causes, e.g. gas.

46. Quoted by Maj. Gen. E. D. Swinton, British advocate of the tank, in Eyewit-
ness (London, Hodder and Stoughton, 1982), p. 80.

47, Brig. Gen. A. H. Waitt, Gas Warfare (New York, Duell, Sloan and Pearce,
1942), p. 21.
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General in the United States demonstrate that 27.3 per cent of
the casualties suffered by the AEF were from gas.

In brief historical sketches the pages above have shown that the
pace at which weapons develop is determined by the effectiveness
of the procedures established to translate ideas into weapons. The
prior acceptance and application of the thesis that superior arms
favor victory, while essential, are insufficient unless the “superior
arms” are accompanied by a military doctrine of strategic or
tactical application which provides for full exploitation of the
innovation. But even doctrine is inadequate without an organiza-
tion to administer the tasks involved in selecting, testing, and
evaluating “inventions.” The history of weapons in the United
States is filled with evidence on this point.

For want of an adequate administrative organization in the
Ordnance Department, as shown earlier, Federal troops in the
Civil War fought with inferior weapons even though better arms
were available. There were at least two major factors contributing
to the ineffectiveness of the methods used by the Ordnance De-
partment to select weapons. The first factor was the apparent
inability of the successive authorities to establish either a sound
organization or effective administrative procedures to accomplish
the desired task. The second, the pressure of an obvious need for
standardization in opposition to the continual pace of technologi-
cal development, is typified by the comment of Secretary of War
Joel R. Poinsett in 1838 when he declared that Ordnance should
“suffer a paralysis” rather than be “exposed to frequent changes
and fluctuations.” 4°

The Chief of Ordnance was officially responsible for the “pat-
terns, forms, and dimensions” of all items purchased by Ordnance,
but it had become customary for the chief to rely upon a board of
officers “to adjust the details.” Until 1839 appointments to this
board had been made from all the various arms of the service, but
from that date on the Ordnance Board was composed exclusively
of officers from the Ordnance Department.’® While this decision
undoubtedly improved the technical qualifications of the board’s
membership, it also deprived the board of the point of view of the
branches which used its services. Although there were serious dis-

48. Fuller, Armament and History, p. 163, and The Reformation of War, p. 110.

See also Report of Surgeon General, 4nnual Reports of the War Department,
1920, Vol. 1.

49. Ordnance Reports, 3, 356.
50. Ibid., 3,225,
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advantages in a board lacking. the consumer’s point of view, it
might be argued that specialists, if working full time, could be
expected to take a greater and more effective interest in improved
weapons than any occasional and part-time board of constantly
changing composition. Unfortunately, though, for the progress
of weapons, as late as 1861 the Chief of Ordnance informed Secre-
tary of War Cameron that while the establishment of a permanent
board was desirable it was impossible, since all officers were en-
gaged in the “pressing and indispensable duties of the Depart-
ment.” The Chief of Ordnance recommended that the plan to form
a permanent board be “deferred to a future time.” 5! It was deci-
sions of this order which prevented Federal troops from fighting
with the best available weapons and resulted in an unissued surplus
of 1,195,572 obsolete muzzle-loading muskets at the end of the
war.’? Here was quantity, not quality.

The organization and functioning of the Ordnance Board, criti-
cal as it may have been, were by no means the only aspects of the
administrative procedure which constituted the Ordnance Depart-
ment’s process for acquiring new weapons. Regardless of how well
or how poorly any succession of ordnance boards may have per-
formed their tasks, battle alone could be the final criterion of the
value of a weapon, and this circumstance made necessary an ade-
quate system for securing accurate reports from tactical units of
the services in time of war and from military attachés and observers
abroad during periods of peace at home. During the 10 or 20 years
immediately preceding 1861 the Ordnance Department had sent
occasional special observers to foreign nations to watch advances
in weapons, which then appeared in the United States only “tardily
after being matured abroad.” Nevertheless, as late as 1853, even
while recognizing that the limited experience of this nation in ac-
tual warfare made the department necessarily dependent upon the
military services of other countries for improvements in weapons,
the Chief of Ordnance regarded the idea of sending a technical
mission abroad as advantageous but unnecessary in view of the
high state of perfection of the arms issued by the department.s

If the procedure for reporting on foreign experience with
weapons and exploiting foreign technological advances was hap-
hazard and ineffective, almost exactly the same could be said about
the system which the Ordnance Department had for securing re-

51. Ibid., 3, 226.

52. See above, p. 9 n. 17.
53. Ordnance Reports, 2, 290, 897, 531.
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ports on the performance of weapons issued for use in combat.
From the time of the Mexican War to 1861 there were few op-
portunities to secure operational reports. Thus little or nothing
was done to establish a routing procedure for reporting back to the
department the results of tactical experience with items in the
field. In 1862 the Chief of Ordnance made an attempt to improve
the situation. He asked his officers serving with troops in the field
to keep daily notes of any “defects or deficiencies” in weapons and
report them promptly with suggestions for “suitable remedies.”
This procedure, foreshadowing the system of rendering Unsatis-
factory Reports evolved many years later, had all the weaknesses
of the latter system in that it depended entirely upon the initiative
of officers in the field and revealed trouble only after it had hap-
pened.’*

Probably the real beginning of scientific accumulation of data
for ordnance came after the war, in 1867, when orders went out
to all batteries of artillery requiring an exact and detailed report
of each shot fired. Units were instructed to record the history of
each gun, the weight of projectiles, and the quality of powder used,
as well as other similar information, on blank forms provided for
the purpose by the Ordnance Department.’® A few years later an
imaginative and resourceful Chief of Ordnance, Brig. Gen. Stephen
Vincent Benét, demonstrated the real utility of a systematic col-
lection of statistics as a basis for decisions regarding development
of weapons. Using the figures compiled by the Surgeon General
on casualties during the Civil War and reinforcing them with simi-
lar statistics from the Franco-Prussian War, General Benét ar-
gued that the saber and bayonet were no longer important weapons.
Presentation of these facts started the movement which reduced the
saber to the status of ceremonial gear.5

To pursue this line of thought further would be to write the
history of the Ordnance Department. It is quite unnecessary to do
50, for the essential elements in the problem of the development of
weapons can be studied in detail from the period already men-
tioned. The experience of the department demonstrated the im-
portance of establishing a concept of requirements, the military
characteristics of a weapon, before beginning development. Simi-
larly, experience had shown the importance of differentiating

54. Ibid., 3, 488. The Unsatisfactory Report currently used in the USAF consists
of an official form which units in the field are urged to use when reporting to higher

headquarters on any unsatisfactory performance in equipment issued.
55. Ibid., 3, 318.

56. Ibid., 3, 101-2.
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a good idea from the failure of that idea in a specific applica-
tion. By the end of the Civil War there should have been no dif-
ficulty in recognizing the need for a service test to prove new
weapons, for an adequate system to evaluate and report on per-
formance in combat of new weapons, and for securing systematic
reports on advances in foreign weapons. The problem of the or-
ganization and composition of an Ordnance Board, as well as the
utility of statistical data on which such a board might base its
decisions, could be studied in great detail before the turn of the
century. In short, almost all of the problems which were to prove
so vexing in the development of aerial weapons crowded the pages
of Ordnance history.

The records of both the War and Navy departments were full
of lessons of positive value to those responsible for the development
of weapons in the years to come. Unfortunately, many of these les-
sons were buried in cluttered archives, virtually inaccessible to the
officials who best could profit from them. Trained historians can
sometimes bring the lessons to light but often too late to be of
use. For example, James Phinney Baxter’s analysis of the prob-
lem of developing weapons, which appeared in his naval classic,
The Introduction of the Ironclad Warship, was not published un-
til 1933, rather late to be of value to those charged with perfecting
the aerial weapon. Nevertheless, it is perhaps significant that the
substantial lessons to be garnered from the experience of the Ord-
nance Department were available, for the most part in published
form, before the Wright brothers flew their first airplane.

The chapters that follow will deal with the problem of the aerial
weapon from the period when flight first became a practical reality
to the end of World War I. An attempt will be made to determine
whether or not military leaders in the United States actively ac-
cepted and put into practice the thesis that superior weapons favor
victory. An attempt will also be made to determine whether or
not military doctrine was modified to meet the expanding poten-
tial of the new weapon and whether or not the proponents of the
new weapon established an effective procedure for developing the
innovation to justify modifications of doctrine. The evidence indi-
cates that armies, war offices, and governments at the outbreak of
World War I lacked effective systems for integrating the advances
of science with the military machine. Anyone who seeks to evaluate
the incorporation of the aerial weapon into the military establish-

ment must recognize the problem as falling within this historical
context. '
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Chapter II. The Air Weapon in the
United States, 1907-18

For cenTuries, from Da Vinci to Tennyson, visionaries have
dreamed of the power that aircraft would some day unleash. Yet,
when practical flight at last became a reality in the United States,
the army was as slow in recognizing the implications of the air
weapon as Congress was in appropriating funds for its develop-
ment.

When Secretary of War William Howard Taft presented his
annual report for 1904 to the President, the United States Army,
a total force of 60,000 officers and men, was in a period of drastic
transition. The Spanish-American War had come and gone, inter-
rupting a lethargy of more than 30 years punctuated only by In-
dian wars. Elihu Root’s reform of the General Staff, one of the
many army heritages of the war, had already begun to take effect.
The impressive innovations of the year were the Army War College
and the new Springfield rifle. The secretary singled out the Chief
of the Signal Corps for special commendation in his report. The
Corps had shown “foresight and energy,” he believed, in executing
its projects during the year. Despite these words of praise, the
secretary did not even mention airplanes or aeronautics although
the Signal Corps was traditionally the military sponsor of aerial
undertakings and the Wright brothers had already made more
than 100 successful flights.!

The War Department had not always neglected aeronautics.
Both the Union and Confederate armies used captive balloons for
observation, and a captive balloon detachment saw service in the
Spanish-American War. Unfortunately, the balloon crew at San-
tiago was untrained and attracted enemy fire by approaching too
near the front lines; this aroused an unfriendly feeling toward
aeronautics on the part of the ground troops. This early lesson

1. Report of Secretary of War, dnnual Reports of the War Department, 1904, 1,

?31 S)ee also A. Sweetser, The American Adir Service (New York, D. Appleton,
9),p. 8.
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in the importance of air-ground relations was probably lost when
the balloon detachment was inactivated at the end of the war.?

The War Department did not confine its interest in aeronautics
to lighter-than-air equipment; by 1898 the Board of Ordnance
and Fortification had assisted the famous Smithsonian scientist,
S. P. Langley, with two separate grants of $25,000 to carry on his
promising airplane projects. But the failure of Langley’s trials
on the Potomac in 1903 excited such a wave of editorial ridicule
that the War Department, ever conscious of the need for Congres-
sional appropriations, came to mistrust all inventors of heavier-
than-air devices.3

The Wright brothers, for example, first approached the War
Department in January 1905 after receiving a visit from a British
officer who represented the Royal Aircraft Factory at Aldershot.
Before starting negotiations with the British government, the
Wrights determined to offer their airplane to their own govern-
ment. Choosing a circuitous route, they wrote to a local congress-
man. When their proposition finally reached the appropriate
agency, the Board of Ordnance and Fortification, that body re-
garded it with the suspicion customarily accorded suggestions
proffered the War Department through political channels.* Al-
though the Wrights had already flown as far as three miles at
speeds up to 85 mph, the board brushed off their inquiry as if
scotching an appeal for funds ; yet, ironically enough, it offered to
receive further representations as soon as the aircraft had been
perfected “to the stage of practical operation.”

Further attempts by the Wright brothers to demonstrate their
airplane met with official apathy. In October 1905 the brothers
again learned that the board did not care to formulate any require-
ment for an airplane “until a machine is produced which by actual
operation is shown to be able to produce horizontal flight.”” The
narrow attitude of the board prevailed until both the President

2. F. 8. Haydon, 4eronautics in the Union and Confederate Armies (Baltimore,
The Johns Hopkins Press, 1941) ; and Maj. F. P. Lahm, “History and Development
of the Air Service,” 13 Feb. 1920, National Archives, Bureau of Aircraft Production
Miscellaneous Histories, Box 1; hereafter cited as NA, BAP Misc. Hist. For an
explanation of archival materials cited in this study, the reader is referred to the
footnote guide and glossary found at the beginning of the volume as well as to the
bibliographical note at the end. See also AAF Historical Study No. 25, “Organiza-
tion of Military Aeronautics; 1907-1985,” pp. 1-5, Dec. 1944, AAF Archive.

8. Sweetser, The American Air Service, p. §; and “History of the U. 8. Army Air
Service,” 1 Oct. 1920, NA, BAP Misc. Hist. Box 1.

4. For an appreciation of the War Department’s point of view on the problem
of “inventions” forwarded by congressmen, consult any War Department organiza-
tion’s 400.111 file.
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and the Secretary of War took a direct interest in the Wrights’
cause.® In 1907, after sending Maj. G. O. Squier to Europe to
study the progress of aviation there and Lt. G. E. Selfridge to
Nova Scotia to study Alexander Graham Bell’s aircraft experi-
ments, the War Department established an Aviation Division in
the Office of the Chief Signal Officer. One of the first acts of the
new organization was to request bids for an aircraft and an air-
ship.® Of the 24 bids received, only two led to contracts. Of these,
only the Wright brothers produced a successful aircraft. In Feb-
ruary 1908 they signed a contract to meet comparatively severe
specifications—an airplane with a high speed of 40 mph, a range
of 125 miles, and a useful load of 850 pounds. When Congress
failed to appropriate the $200,000 asked by the Signal Corps for
aviation needs in 1907, the Board of Ordnance and Fortification,
as if to atone for earlier neglects, provided funds to cover the
aircraft contracts. Flight trials held late in 1908 at Fort Myer,
Virginia, showed the Wrights’ machine was actually capable of
better performance than that stipulated.” After many vicissitudes
the army had a new weapon. The next 80-odd years were to be
spent searching for ways to exploit that weapon more effectively.
From the date of the Wrights’ first contract to the outbreak of
war in Europe seven years elapsed. During that period the Signal
Corps had to build an organization to deal with the new device
and, at the same time, to develop and evaluate its potential role in
the military establishment. The flying machine in 1908 seemed full
of promise. The Secretary of War, apostrophizing the age of flight
as “almost at hand,” predicted that the airplane would some day
“profoundly affect modern warfare.” To implement this faith the
secretary asked Congress for $500,000 to help the Signal Corps
develop military aviation “in a manner commensurate with its
intrinsic importance.” 8 Despite the secretary’s appeal, during
1909 and 1910 Congress failed to provide funds for aviation.?
In 1908 the aviation force of the Signal Corps comprised three
officers and 10 enlisted men operating one airplane and three bal-
loons. If this complement appears small, it must be remembered

5. Sweetser, The American Air Service, p- 8; and F. C. Kelly, The Wright
Brothers (New York, Harcourt, Brace, 1948), pp. 164-5.

6. “History of the U. S. Army Air Service,” n. 3, above.

7. Sweetser, The dmerican Air Service, p. 8; and G. O, Squier, “Present Status
of Military Aeronautics,” Smithsonian Report (1908). See also Annual Reports of
the War Department, 1908, 1, 46.

8. dAnnual Reports of the War Department, 1908, 1, 45.

9. Maj. G. R. Perera, “A Legislative History of Aviation in the United States and
Abroad,” March 1941, AAF Archive M1154-1,
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that at the time the Signal Corps as a whole consisted of no more
than 46 officers and some 1,200 men. Moreover, if Congress ap-
peared slow in granting funds, it should be remembered that earlier
disasters, such as those of the Langley machine and the crash at
Fort Myer which killed Lieutenant Selfridge during the army’s
acceptance trials of the Wrights’ airplane, were reason enough for
appropriating money with caution.l® The lack of funds for air-
craft was not entirely the result of Congressional suspicion, how-
ever. Elihu Root’s reforms were still in process throughout this
period, and the War Department gave first priority to appro-
priations for modernizing such “absolutely necessary’” materiel as
field guns and ammunition. Despite these handicaps, by 1913 the
Signal Corps had 22 aircraft on hand or on order and 14 pilots
trained to fly them.!

In view of the extremely limited number of aircraft available and
the totally inadequate number of men trained to use them, the
Signal Corps made a series of significant advances before 1914.
Even the restricted operations which it was possible to undertake
with the facilities on hand led to the conclusion that commer-
cially procurable machines were inadequate for military purposes
and that it would therefore be necessary to draw up specifications
for tactical aircraft.’? To ascertain the requirements for specifica-
tions defining the desirable standards of performance for tactical
aircraft, the Chief Signal Officer devised a program requiring the
establishment of several aviation centers. According to the pro-
posed program, these centers would be used not only to train pilots
and mechanics but also to study the design of aircraft, to per-
form tests, and to consider “all other matters tending to improve
the military aviation services.” 13

The program provided an organizational basis upon which the
development of aircraft as an aerial weapon could proceed sys-
tematically. Limited appropriations of course prevented the pro-
gram from being executed in full, yet some important experiments
were actually carried out. Flight tests proved the feasibility of
firing upon ground targets with an aircraft machine gun. At about
the same time a bombsight was repeatedly improved until it per-
formed successfully.* A detachment of aviators from the Signal

10. AAF Historical Study No. 39, “Legislation Relating to the Air Corps Per-
sonnel and Training Programs, 1907-1939,” Dec. 1945, AAF Archive.

11. AAF Historical Study No. 25, p. 5. See also 4eronautics in the Army, Hear-
ings before the House Military Affairs Committee, 63 Cong. 1 Sess., 1913,

12, “History of the U. 8. Army Air Service.”

18. AAF Historical Study No. 39, p- 120.

14. “History of the U. S. Army Air Service.”
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Corps continued bomb-dropping experiments in 1914 until the
need for every available aircraft to train the increasing numbers
of pilots forced experimental activity into the background.® Thus,
by the time war came to Europe in 1914, the airplane had been
demonstrated in the United States as a valuable weapon. Flight
trials and limited service tests had already marked out the direc-
tions in which the potentialities of aircraft might evolve. The de-
gree to which the War Department exploited these several poten-
tialities during the years to follow rested almost entirely upon
the ability of the department to organize its establishment to em-
brace a revolutionary concept.

If, then, on the eve of war the United States could take pride
in both the recognition and adoption of a novel weapon, the other
Powers were even more positive in their appreciation. The follow-
ing table of aeronautical appropriations during the 1913 fiscal
year provides a useful yardstick.1®

France $7,400,000
Germany 5,000,000
Russia 5,000,000
England 3,000,000
Italy 2,100,000
Mexico 400,000
United States 125,000

Mexico, though scarcely a Power, had appropriated more in one
year than the United States had in six years. The total expendi-
ture of the War Department for aircraft from 1908 to 1913
amounted to a mere $250,000. A comparison in 1914 of available
aireraft and trained pilots proves equally revealing.!?

Aircraft Available Pilots Trained

France 260 171
Russia 100 28
Germany 46 52
United Kingdom 29 88
Italy 26 39
Japan 14 8
United States 6 14

15. Report of Chief Signal Officer, App. I, Annual Reports of the War Depart-
ment, 1914, 1, 522.

16. Report of Secretary of War, Annual Reports of the War Department, 1913,
1, 25-6. Figures from other sources vary slightly but not significantly.

17. Sweetser, The American Air Service, p- 16. Perera, “A Legislative History of

Aviation,” offers somewhat different figures, but the ratios between nations remain
substantially the same,
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Moreover, in terms of experimental activity Europe showed no
want of interest. Before the end of 1914 Rudolf Boehm in Germany
had flown a Rumpler for 24 hours nonstop, Igor Sikorsky in Rus-
sia had completed a four-engine aircraft (the first so built), and
in England Short Brothers, Ltd., mounted an experimental two-
pounder naval gun in an airplane even before war came.!® Of still
greater importance, the Royal Flying Corps, established with a
military and naval wing in 1912, formed an Experimental Branch
in 1913. By the end of another year more than a dozen English
manufacturers were turning out aircraft at the rate of 100 a
year.1®

Thus by 1914 the British had already established an organiza-
tion specifically charged with experimentation. In the United
States, where no such separate organization existed, experimental
projects were subject to a lower priority than training. In addi-
tion, where industry had shown little enthusiasm for aviation in
the United States, Britain’s aircraft industry, while young, was
already established and expanding rapidly when the war came.
Historically, most new ideas for weapons have encountered delays
in application. In regard to the air weapon, the evidence suggests
that the delays it met in the United States were comparatively
more serious than those encountered in foreign countries.2°

Congress responded to the stimulus of troubled Europe and
acted by means of remedial legislation to reduce the lag between
aircraft advances in the United States and those abroad. An act of
July 1914 sanctioned the Aviation Section of the Signal Corps,
hitherto an administrative creation capable of being abolished on
the order of the branch chief. The act created a section consisting
of 60 officers and 260 enlisted men.2! It also provided for special
aviation ratings and flying pay which attracted increasing num-
bers of men into the service, but of more importance from the point
of view of materiel, the permanent nature of the legislation in-
duced manufacturers to run the risk of building aircraft for mili-
tary purposes.

Substantial as the benefits of the new legislation were, they did
not constitute a revolutionary step toward incorporation of the

18. C. G. Grey, The History of Combat dirplanes (Northfield, Vt., Norwich Uni-
versity, 1941), pp. 2, 17.

18. H. A, St. G. Saunders, Per drdua (London, Oxford University Press, 1945),
pp. 19-21, 212,

20. AAF Historical Study No. 50, “Materiel Research and Development in the
Army Air Arm; 1914-1945,” p. 12, Nov. 1946, AAF Archive.
21. AAF Historical Study No. 25, p- 18; 88 Stat. 514, Public No. 148, 18 July 1914.
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air weapon in the military establishment. That Congressional ac-
tion would effect decisive changes in the status of the air weapon
was hardly to be expected. Even the Signal chief, who was pri-
marily responsible for the development of the new weapon, doubted
the alleged potentialities of aviation. He admitted the influence
which aircraft would exercise on tactics as a direct result of their
use as observers both for adjustment of artillery-fire and for gen-
eral reconnaissance; at the same time he questioned the offensive
value of aviation. In testimony before the House Military Affairs
Committee in December 1914, he said bluntly, “As a fighting
machine the airplane has not justified its existence.” 22

The Chief Signal Officer was perpetuating a thought pattern
that the experience of the Ordnance Department during the 19th
century had shown to be only too prevalent. His testimony exposed
his failure to distinguish between the concept of the aerial weapon
and its contemporary application. The probable span between ex-
isting technological development and ultimate development es-
caped him. The Chief Signal Officer’s attitude was scarcely the
reflection of a careless moment : he repeated the stand in submitting
his annual report to the Secretary of War; and apparently be-
friending the cause of aviation in appealing for more airplanes,
he confirmed his earlier views by going out of his way to declare
that European experience had shown offensive use of aircraft to
be so unwarrantably expensive as altogether to “discredit general
attack by air.” The verdict on offensive aviation, the chief believed,
should rest at “not proven.”

The opinion of the Chief Signal Officer was of exceptional im-
portance, because as the administrative officer most intimately as-
sociated with the innovation his Jjudgment and recommendation
must surely influence those at higher echelons charged with broad
decisions on strategy and materiel.

The tactical and strategic utility of the airplane as a weapon
could be demonstrated only by an interminable succession of service
tests following each technological advance in the whole field of
aeronautics. Such tests and advances in engineering would absorb
endless funds, but since the Chief Signal Officer had little faith in
the potentialities of aircraft as offensive weapons there was little
likelihood that he would push Congress to grant appropriations
for aviation. Consequently the Signal Corps left the concept of the

22. Quoted in Sweetser, The American Air Service, p. 26, See also Brig. Gen.

G. P. Scriven, The Service of Information (Washington, 1915), Office, Chief Signal
Officer, Circular No. 8,
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air weapon only partially explored. The Chief of the Signal Corps
may have believed that he was just being appropriately cautious
when he said, “Little of importance has been proved” by the ap-
pearance of an airplane able to drop “bombs and other missiles,” 23
but his words apparently had far-reaching effect. Representative
McKellar, speaking before the House Military Affairs Committee
in December 1914, remarked that inasmuch as aircraft had “proved
worthless to a very large extent” the United States could be con-
sidered “gainers by not having spent so much.” 4

Thus, for want of a broad appreciation of the short span be-
tween existing airplanes and their evolutionary possibilities, the
future of the air weapon lay in jeopardy. Representative McKel-
lar’s attitude may not have been typical, but Congressional appro-
priations in the years leading up to 1914 would indicate that it was.
The congressman could not have perceived that a dynamic, ag-
gressive aircraft industry is as vital to the air weapon at the out-
break of war as is a fleet-in-being to the naval arm.

When one considers the lack of Congressional enthusiasm and
the grudging support rendered by the leaders of the Signal Corps,
it is surprising that those actually charged with developing the
novel weapon moved as far as they did. The problem of aircraft
development was tremendously complicated by the prevailing un-
certainty regarding tactical objectives; they were never clearly
defined before the United States entered the European conflict.
Unlike most weapons, the airplane was capable of performing
several tactical functions. Each of these required a specialized line
of technical development.

Acceptance of the new weapon by higher echelons of command
depended in great measure upon test demonstrations and upon
actual performance in combat. The emphasis placed by officials of
the Signal Corps upon any one of the several specialized tactical
types determined which type would secure an opportunity for trial
in combat. Only by such a test could any new type of weapon prove
its utility and win for itself financial support as well as the con-
fidence of commanders in the field. Since the tactical function
of observation required far less specialized equipment than did
bomber and fighter aircraft, it was perhaps inevitable that the
value of observation aircraft should win recognition before the
technologically more complex fighter and bomber. But this very
p 25%5_1?})0“ of Chief Signal Officer, 4nnual Reports of the War Department, 1914,

’24. Quoted in Sweetser, The American Air Service, p. 27.
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fact only serves to point up the tremendous responsibility which
rested in the hands of those developing materiel in the new avia-
tion center. The more successful they were in defining and refining
exact statements of the tactical objectives and performance char-
acteristics they wanted in fighters and bombers, the greater was
the likelihood of securing desirable aircraft from industry. For
how could industry design specialized types of airplanes before
the Army was able to tell what would be expected of these airplanes
in combat? Increasing success in obtaining effective tactical air-
craft types reduced to practice would mean greater likelihood of
obtaining convincing tests in combat, which in turn could lead to
increased financial support as well as the cooperation of field com-
manders.

In short, advocates of the air weapon within the Signal Corps
could expect to see the fullest exploitation of the potentialities of
aircraft only insofar as they succeeded in setting the pace, that is,
in defining objectives for the aircraft industry. The organization
established to determine what those objectives should be bore a
weighty responsibility for the destiny of air power in the United
States.

In 1915 primary responsibility for the evolution of military air-
craft in the United States rested with a handful of men stationed
at the North Island aviation center in San Diego Bay. The center
had two departments, one for training, the other for experiment
and repair. The staff of the latter department consisted of one of-
ficer in charge, one civilian aeronautical engineer, one civilian
mechanical engineer, and five civilian mechanics. Their duties at
the base in addition to “the study of new types” included overhaul-
ing, repairing, and rebuilding the training aircraft as well as main-
taining equipment for ground servicing.?® Small as this organiza-
tion was, it provided a nucleus from which to expand.

While it was undoubtedly true that maintenance functions ab-
sorbed a large portion of their time, the members of the staff did
not entirely neglect the development of new equipment. During
the preceding year, in fact, the Aviation Section had announced
a competition to be held at the San Diego center to secure data “to
enable the school to decide on a standard machine.” The phrase
“a standard machine” is revealing, for it indicates that in 1914
the concept of markedly differentiated tactical types had not yet
taken root. Although it appears that there had been little official

25. Report of Chief Signal Officer, Annual Reports of the War Department, 1915,
1, 144-5.
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speculation regarding the doctrine of air power, nevertheless, dur-
ing 1914 the first specification for a military aircraft appeared
in the United States in connection with the competition. The Signal
Corps drafted requirements for a “reconnoissance [sic] aero-
plane,” a two-place biplane capable of lifting a useful load of
450 pounds at a high speed of 70 mph.

The appearance of specifications for a military aircraft was
certainly a significant move toward recognition of the tactical
value of the air weapon, but equally meaningful was the procedure
established to select the new weapon: a competition in which points
were awarded for superior performance as demonstrated by actual
flight of the airplanes submitted by rival manufacturers. Speed
and rate of climb were to be measured by objective test, maneuvera-
bility by performance of prescribed evolutions, and field of vision
by test with a military observer; construction and standards of
workmanship were to be determined in a “practical examination”
by the evaluating board.2¢ Here, for all its obvious shortcomings,
began an administrative mechanism for selecting superior weapons.
Of particular interest was the recognition given to tactical suita-
bility, especially as demonstrated by testing the field of vision for
observation purposes. This, after all, was the mission of the air-
craft and properly deserved full consideration along with purely en-
gineering factors. Regrettably, in the years to follow, evaluating
boards sometimes lost sight of the primary importance of tactical
suitability.

The competition of 1914 brought in 12 different bids, but the
lack of a reliable aircraft engine fixed an upper limit on the en-
hanced performance to be expected from these new designs for
airframes. So critical, indeed, did the engine problem become that
during 1915 the Signal Corps determined to stage an engine com-
petition similar to the aircraft contest already held. During these
competitions and subsequent flight trials the several manufacturers
supplying aircraft began the practice of maintaining representa-
tives at the aviation center “to keep in touch with the needs of the
new section.” 27 Thus, by the end of 1916, the Signal Corps had
established a method for selecting superior weapons and a close
working relationship with the manufacturers supplying them. The
number of aircraft actually procured and the number of pilots

26. Report of Chief Signal Officer, Appendix I, dnnual Reports of the War De-
partment, 1914, 1, 517-21. .

27. Report of Chief Signal Officer, Annual Reports of the War Department, 1914,
1,9, and 1915, 1, 746.
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available to fly them remained woefully small, restricted as they
were by insufficient appropriations. Within the limits imposed it
might be argued that the development of the air weapon was
progressing normally. In Europe, however, the pace of develop-
ment was no longer normal.

Somewhat later in 1916 the extreme importance of the airplane
as demonstrated in the European war began to win recognition in
the United States. The National Defense Act, passed in June,
strengthened the Aviation Section by authorizing increases in per-
sonnel and providing for special flying pay, but even with this
encouragement only 43 officers received pilot training during the
year. Nevertheless, the substantial increase in money available,
some $500,000 in deficiency funds over and above the annual ap-
propriation of $300,000, marked a turning point second in im-
portance only to the rapidly evolving doctrine of air warfare.28

Eighteen months after the outbreak of war in Europe the Chief
Signal Officer was ready to retire somewhat from his former posi-
tion and to admit the need for three different types of military air-
craft: a reconnaissance and artillery fire-control type, a combat
type, and a pursuit type. To be sure, the differentiating character-
istics of these three types were vague, but the admission of their
separate existence was a step toward fuller exploitation of the air
weapon. Basing his judgment on “conclusions reached from ex-
perience abroad,” the Chief Signal Officer continued to feel that
the “most important work of aircraft” lay in performing missions
of observation. Nonetheless, he now considered the utility of air-
craft for liaison purposes and for defense against other aircraft
to be “obvious.” Accordingly, with this new recognition of the
multiple role of aviation, the chief proposed to establish squadrons
of 12 aircraft, in which eight were to be observation type, two
were to be “rapid flying machines for chase or transport,” and two
were to be of a bomb-carrying or offensive type.2?

In the spring of 1916, Lt. Col. G. O. Squier, an officer of the
Signal Corps with a reputation as an engineer extending beyond
army circles, assumed command of the expanding Aviation Section.
As an army engineer with university training, Colonel Squier
tried to apply scientific method in the procurement of designs for

28. Report of Chief Signal Officer, Annual Reports of the War Department, 1917,

1, 839, and 89 Stat. 174, Public No. 85, Sect. 18, 3 June 1916. See also AAF Historical
Study No. 39.

29. Report of Chief Signal Officer, Annual Reports of the War Department, 1915,
1, 742, 747. See also Military Aviation (Washington, 1916), prepared as War De-
partment Document No. 515 by the War College Division of the General Staff,
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aircraft. He wished to incorporate the “lessons gained by experi-
ence,” that is, actual operation under combat conditions. The
colonel’s objective was undoubtedly sound, but the Signal Corps
lacked facts from which to proceed. The punitive expedition across
the Mexican border was the only tactical operation in which the
army’s aircraft had participated. One squadron of eight aircraft
operated for about six weeks until all the available equipment was
smashed.?® This unhappy episode stimulated technical improve-
ment and emphasized the importance of facilities for maintenance
of aircraft in the field, but the limited number of aircraft involved,
the lack of aerial opposition, and the extremely short period of
operation all militated against the hope of learning many sig-
nificant tactical lessons from the Mexican expedition.

Denied a body of combat experience in Mexico, officials of the
Signal Corps sought every possible lesson from the European
war. Such lessons proved extremely difficult to acquire because of
the barriers of secrecy with which the warring Powers surrounding
their aircraft. Beginning in the first few months of the war,
for reasons of security, the Powers imposed restrictions which
amounted to a virtual blackout of detailed tactical and technical
information emanating from Europe, information which was es-
sential to the Aviation Section in the United States. Alarmed by
the situation, a Congressional committee demanded a statement as
to the relative position of the United States in aviation as com-
pared with the countries of Europe. A representative of the Signal
Corps admitted that the Aviation Section was keeping abreast
of Europe only insofar as it was possible to say the section was
keeping abreast of conditions of which it knew nothing. Secretary
of War Newton D. Baker informed the House Military Affairs
Committee in 1916 that the censorship in Europe was exceedingly
strict on aviation matters. For a knowledge of trends in the develop-
ment of aircraft the United States had to rely upon manufac-
turers in this country working on contracts from the warring
nations. Embassies of the belligerents repeatedly rejected requests
by the War Department for permission to send qualified aviators
to the fighting fronts as observers.3!

80. AAF Historical Study No. 25, pp. 26-7; and Report of Secretary of War, 4n-
nual Reports of the War Department, 1916, 1, 40. See also Testimony of Maj. B. D.
Foulois, War Exzpenditures, House Hearings, 66 Cong. 1 Sess., Serial 2, Pt. 6, 6 Aug.
1919, pp. 844-5.

81. Testimony of Maj. B. D. Foulols, 6 Aug. 1919, War Expenditures, House
Hearings, 66 Cong. 1 Sess., Serial 2, Pt. 6, 6 Aug. 1919, p. 848; and Sweetser, The
American 4ir Service, pp. 26, 85,
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When the United States finally did declare war on Germany,
there were exactly five aviation officers abroad : three were attend-
ing flying schools in France; one was serving as an assistant mili-
tary attaché in London; and one, Maj. William Mitchell, had at
last succeeded in securing permission from the French government
to go to France as an observer. None of these officers had been
abroad more than a few weeks when the United States entered the
war, and none had had sufficient experience to report significantly
on the status of operational aireraft in Europe.®? The information
received by the Aviation Section through military channels up to
the time the United States entered the war was “so meagre as to
be useless.” 32

The condition of the air weapon in the United States when war
ultimately came was extremely critical. The organization charged
with developing the weapon seemed inadequate for the task; there
existed only the haziest notions regarding the doctrines of aerial
warfare. In terms of equipment and numbers, the nation was sev-
eral years behind development in Europe. The limitations imposed
by the shortage of funds and authorized personnel had restricted
growth to the point where only the most circumscribed range of
operating experience was possible. While the aircraft and engine
competitions providing for procurement on the basis of perform-
ance laid an important precedent, the process had not been formal-
ized by regulation or legislative action for continued use and per-
fection. In April 1917 the Aviation Section consisted of 65 officers
and 1,120 enlisted men. Flying activities took place at two air-
fields with 200-odd airplanes, mostly training types, “nearly all
obsolescent.” 3¢ Such was the character of the air weapon with
which the United States entered the war in Europe. Moreover, the
paucity of domestic operational experience and the absence of close
liaison with “Europe’s startling developments” in aviation left
the United States without a basis from which to derive a doctrine
of air warfare.®® With no doctrine, or at best with a vaguely de-

82. War Expenditures, House Hearings, 66 Cong. 1 Sess., Serial 2, Pt. 81, 6 Aug.
1919, p. vii.

33. Col. E. S. Gorrell, “Early Activities of the Air Service, AEF,” ca. 1919,
National Archives, World War I Organization Records, Air Service Historical
Records, Box 2; hereafter cited as NA, WWI Orgn. Records, A.S. Hist. Records.

84. B. Crowell, America’s Munitions; 1917-1918 (Washington, GPO, 1919), p.
240. Lahm, “History and Development of the Air Service,” gives different figures,
claiming only 55 aircraft were available 6 April 1917. Of these, he adds, 51 were
obsolete, 4 were obsolescent. Crowell’s figures are more reliable.

85. Report of Director of Military Aeronautics (DMA), dnnual Reports of the
War Department, 1918, 1, 1381-2,
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fined doctrine, the development of military aircraft was bound to
suffer.

How these limited resources in organization, doctrine, and
equipment were transformed during the years to follow will be
described in subsequent chapters.



Chapter II1. Planning the Aerial Weapon

WHEN PrESIDENT WILsON signed the measure officially declaring
war on Germany in 1917, those who planned to use the new aerial
weapon lacked a clearly defined doctrine of warfare. The initial
step in solving the problem lay in securing aircraft superior to
those employed by the enemy. The procurement of superior air-
craft implied two prior assumptions: first, a knowledge of the
mission of the new weapon ; and second, a knowledge of the types
of aircraft necessary to accomplish this mission. Before an air
force could take shape, it was also essential to implement aerial
doctrine by determining the composition of the air arm. If the mis-
sion of aviation was observation only, then the composition of the
air arm would consist solely of observation aircraft. If, on the
other hand, this mission included defense and offense, then ob-
viously the composition of the air arm should include fighters and
bombers. Once the functions to be performed were decided upon, it
would then be necessary to determine the relative proportion of
each type which available resources—men, money, materials, facil-
ities and transportation—would make feasible. Then, finally, it
would remain to determine the performance characteristics re-
quired to ensure individual types of aircraft superior to those
sent out by the enemy. These decisions had yet to be made.
Eventually all these decisions were made simultaneously. Ap-
parently they were made without a realization of the importance
of determining doctrine before settling detailed questions regard-
ing characteristics for each type. This situation may explain the
troubles encountered in the aviation program as the war pro-
gressed. Never was the absence of an adequate organization for
rln;f;ng decisions more acutely evident in the air arm than in April
Three days before the declaration of war the National Advisory
Committee for Aeronautics (NACA), a research agency entirely
separate from the Signal Corps, took the initiative in surveying
the aircraft industry in the United States to ascertain its readi-
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ness to meet the demands shortly to be thrust upon it. A telegram
which the NACA sent to every known manufacturer of airplanes
laid bare the prevailing want of organization and policy. The mes-
sage read in part: “Can you provide training reconnaissance air-
planes? If so, state type . . .” * The implications of a policy
which, for lack of guidance, left the determination of types to in-
dustry were soon apparent.

The Secretary of the Navy, Josephus Daniels, after negotia-
tions with C. D. Walcott, chairman of the NACA executive com-
mittee, and with the concurrence of the Secretary of War, took the
initiative in establishing a Joint Army-Navy Technical Board.
The new board was to “standardize as far as possible” the designs
and general specifications of aircraft to be procured by the serv-
ices.” Standardization required agreement on types and designs.
Agreement involved a prior decision regarding the composition of
the air arm. The composition of the air arm represented doctrine
reduced to practice. A statement by higher authority regarding
the relative proportion of functional types in the proposed force
would have constituted by implication a directive on doctrine. In
the absence of any such directive, the Joint Army-Navy Technical
Board set about determining the composition of the air arm on its
own initiative. As a consequence, formulation of aerial doctrine fell
by default to a technical board officially charged with making noth-
ing but technical decisions. The board, consisting of six officers,
three from each of the two services, reported directly to the two
secretaries. Although in this position it was in an echelon close
enough to the top councils of war to receive official pronounce-
ments of doctrine, none seems to have been sent.

The only significant indication of the existence of any air
policy at all appeared in the program of the General Staff for a
million-man army hurriedly drafted Jjust prior to the declaration
of war. This program provided for the organization of 16 aviation
squadrons, one for the headquarters of each army corps, but
contained no analysis of the composition of the force so rajsed. The
Joint Army-Navy Technical Board may have been influenced but
was certainly not bound by this proposed organization when a state
of war actually materialized. The board devoted the first few weeks

1. Draft copy of NACA annual report, 20 October 1917, Air Force Central Files,
hereafter cited as AFCF, 334.8 NACA.

2. Secretary of Navy to Secretary of War, 27 April 1917, AFCF, 834.7 Army-
Navy Joint Boards. See also Secretary of Navy to C. D. Walcott, NACA, 9 April
1917, and Walcott to Dir. Council of National Defense, 10 April 1917, NA, BAP
Hist. Box 9, 834.7 Joint Army-Navy Technical Board,
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of its existence to drafting a program to procure training aircraft,
leaving the determination of types for tactical or combat use until
further advice could be secured from abroad.?

The program of the General Staff in March 1917 had assigned
to aviation a relatively insignificant part in the organization for
offensive operations, but the arrival of French and British mili-
tary missions completely revolutionized this point of view. For
want of better instructions, the Joint Army-Navy Technical Board
relied upon suggestions from foreign officers and upon “vivid im-
agination” in framing a program.t The effort of the foreign of-
ficers was, of course, directed toward enlarging all previous esti-
mates many times over. But mere increases in numbers, important
as they were in conditioning everyone concerned to the almost
astronomical sums that must be involved, did not determine the
proportion of observation, fighter, and bomber aircraft desired—
if indeed all of these were desired.

The board, in trying to draft a program for an effective air
arm without adequate information from which to proceed, con-
tinued to flounder for nearly a month. Then, unexpectedly, Premier
Ribot of France cabled to the French ambassador in Washington
and laid down a detailed program of the aircraft desired as a con-
tribution of the United States to the war effort. In this program,
as received by the Joint Army-Navy Technical Board, the premier
proposed the formation of an air arm of 4,500 aircraft for the
campaign of 1918 with a monthly rate for replacement and rein-
forcement of 2,000 aircraft and a commensurate production of
engines. The cable also urged the training of pilots and mechanics
in numbers sufficient to man the force created. Ribot’s message
provided just what the board needed. Here at last was an arbitrary
quantitative basis on which to formulate the whole program of
development. The cable established a definite target for purposes
of planning. A Signal Corps officer, Maj. B. D. Foulois, who was
one of the army representatives on the Joint Army-Navy Tech-
nical Board, drew up a detailed program for production on the

8. “The Aircraft Production Board,” Proceedings of the Acad. of Pol. Sci., 7,
No. 4 (Feb. 1918). See also A. Sweetser, The dmerican Air Service (New York,
D. Appleton, 1919), pp. 44, 52, 60; and W. F. Willoughby, Government Organiza-
tion in War Time and After (New York, D. Appleton, 1919), chap. xiv, for brief,
general descriptive accounts of the organization.

4. Testimony of Maj. B. D. Foulois, War Ezpenditures, House Hearings, 66 Cong.
1 Sess., Serial 2, Pt. 6, 6 Aug. 1919. See also Report of Director of Military Aeronau-
tics, dnnual Reports of the War Department, 1918, 1, 1381-2, and Memo, M. J.

groggn, 26 April 1919, NA, BAP Hist. Box 9, 334.7 Joint Army-Navy Technical
oard.
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basis of the premier’s message. Toward the end of June 1917 Maj.
Gen. Tasker H. Bliss, the Acting Chief of Staff, formally approved
the program drafted to comply with the French request. In this
manner the cable became the foundation of the nation’s program
for aviation.®

Inasmuch as Ribot’s cable became the basis for the whole avia-
tion program in the United States, a careful study of its origins
is in order. As soon as it became evident that the United States
was about to enter the war, the General Staff of the French army
drew up a staff study on the composition of the air forces to be
contributed by the new ally. This study, approved by the com-
mander-in-chief of the French forces, set forth three distinct cate-
gories of air weapons. “First and foremost” was a group to be
used in tracking down submarines; “of secondary necessity” was
a group to consist of pursuits, bombers, and transports; and of
third and last priority was an army group for service with large
units of the expeditionary force. In this last group would be in-
cluded all aircraft for observation, liaison, and artillery fire-control.
“Aviation for pursuit and bombing operations,” the French study
pointed out, could go on increasing in size until the end of the war.
This assumption, the study indicated, was “unquestionable.” But
for that category serving with the armies a fixed upper limit was
established, equating the number of aircraft desired directly with
the organizations served. This third category was to consist en-
tirely of aircraft for observation, one squadron for every army
corps and one for every regiment of artillery. Each army was to
have two additional squadrons for reconnaissance. Apart from a
nominal reserve, these allocations fixed the total number of squad-
rons required for observation or army-cooperation.®

The study by the French General Staff represented French
aerial doctrine as formulated under fire during 1916 and early
1917, but it was not the quantitative basis for Ribot’s cable. At
about the same time that this study was prepared, the commander-
in-chief of the French Armies of the Northeast drafted a plan for
aerial participation by the United States. The memorandum sug-

5. Translation of cablegram, Premier Ribot of France to French Ambassador in
Washington, 23 May 1917; Memo, Asst. Chief of Staff to Chief of Staff, 23 June
1917; and Memo, Act. Chief of Staff to Adjutant General, June 1917; NA, BAP
Hist. Box 6, 811.2 Ribot Cable.

6. “Contribution to aviation to be demanded of the United States,” translation
of extract from French Army General Staff Study, April 1917, NA, BAP Hist. Box
6, 811.2 Ribot Cable.
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gested that the ideal contribution would consist of 30 pursuit
groups and 30 bomber groups, each group to comprise six squad-
rons of 12 aircraft per squadron, a total of 4,320 aircraft. With
a margin for reserve, this figure could be rounded off at 4,500
aircraft, the basic figure stipulated in Ribot’s cable.” In all proba-
bility the French premier had seized upon the convenient memo-
randum of the commander in the Northeast and sent it to Washing-
ton as a definite and tangible point of departure for the planners.

The cable, as received, was expressed entirely in quantitative
terms : nothing in the message gave any indication of the composi-
tion of the 4,500 aircraft in terms of the relative proportion of
fighters, bombers, or pursuits to be constructed. Both the study of
the French General Staff and the memorandum from the com-
mander of the Northeast Army had emphasized the primary im-
portance of pursuit and bombardment as opposed to observation,
liaison, and artillery-fire adjustment for the ground forces. The
two military papers expressed, by implication but nonetheless
clearly, a doctrine of air power. Since Ribot’s cable adopted only
the quantitative considerations from one of the military studies and
ignored the implicit doctrine, the message failed to have the effect
that the authors of the military studies had intended.

In the absence of a doctrinal precept from France, those who
planned the program of aviation in the United States used the
4,500 aircraft and the factor of 2,000 per month for replacement
as a purely quantitative guide. They resolved the question of com-
position according to their own ill-defined ideas of doctrine, which
tended to attach greater importance to observation and propor-
tionally less importance to bombing. Ironically, the evidence now
available indicates that the number 4,500 mentioned in the French
cable was intended to apply only to strategic aviation. This great
separate air force was to operate independently of the units as-
signed to the field armies.® But the Joint Army-Navy Technical
Board drew up a program using the basic 4,500 figure and the
figure for subsequent monthly additipns as if they included both
strategic aviation and the tactical forces to be assigned to the
ground forces. The board’s understandable misinterpretation was
to have far-reaching effects, for the initial program drafted on the

7. Memo, Commander-in-chief, French Armies of Northeast to Minister of War,
6 May 1917, quoted in “Air Service Programs, 1917,” study for Hist. A.S. AEF, NA,
WWI Orgn. Records, A.S. Hist. Records Box 300.

8. “Air Service Programs, 1917, study for Hist. A.S. AEF, pp. 5-6, NA, WWI
Orgn. Records, A.S. Hist. Records Box 800,
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basis of the French cable determined in a large measure the char-
acter of the air force ultimately sent to France by the United
States.

Not until after the war ended did the historical accident which
had occurred come to light. A comparison of the text of Ribot’s
message as received by the Joint Army-Navy Technical Board
with the text of the message as received by the French Embassy in
Washington revealed discrepancies. An additional phrase, appar-
ently inserted by an overzealous member of the French military
mission who had carried the cable from the embassy to the War
College, injected a time element in the message. The alteration
added the phrase “during the campaign of 1918,” which imposed
an obligation of early delivery. Another phrase, following the part
concerning quantities, added, “which would allow the Allies to win
the supremacy of the air.” °

In all probability neither of these two alterations had any sig-
nificant influence upon the program, but the discovery that the
cable had been tampered with led an officer of the Air Service to
investigate the background of the message more narrowly. In his
searchings he learned that in July 1917 Ambassador W. G. Sharp
had cabled the Secretary of State in Washington to say that
Ribot’s message as drafted in France also mentioned that the 4,500
aircraft should consist of “half bombers and half fighters.” The
“other necessary types,” presumably aircraft for observation and
army-cooperation, should be reckoned in addition to this total.2°
Whether this vitally significant portion of the message was omitted
by design or by accident and whether the deletion took place in
France or in the United States are unknown. In any event, the
omission of the phrase “half bombers and half fighters” was crucial.
Lacking these five words, the French cable was devoid of doctrine.
Since there was no specific precept from France on aerial doc-

9. Testimony of Col. E. S. Gorrell, War Ezpenditures, House Hearings, 66
Cong. 1 Sess., Serial 2, Pt. 81, 24 Oct. 1919, p. viii. See also E. S. Gorrell, “What, No
Airplanes?”’ Journal of Air Law and Commerce (Jan. 1941).

10. Memo, Capt. J. L. Ingoldsby, Chief, Hist. Sect. A.S., 4 June 1919, NA, BAP
Hist. Box 6, 811.2 Ribot Cable. The full text of the Ribot cable as received by the
Joint Army-Navy Technical Board is quoted in Sweetser, The American Air
Service, p. 66; he was apparently unaware of the important alterations made in the
message. Similarly, Gen. J. J. Pershing quotes in full the text as received in My Ex-
periences in the World War (2 vols.; New York, Frederick A. Stokes, 1931), 1, 28.
Although the alterations of the text were discovered in 1919, General Pershing ap-
pears not to have known of them. Gen. H. H. Arnold’s volume of memoirs Global

Mission (New York, Harper, 1950), p. 50 perpetuates the error. General Arnold

credits General Mitchell with having inspired the French cable, but the evidence is
not conclusive.
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trine, the decisions which shaped policy in the United States were
reached from a synthesis of the limited and unofficial advices re-
ceived from Europe before the cable arrived.

The Joint Army-Navy Technical Board sent its aviation pro-
gram to the secretaries of War and Navy for approval on 29 May
1917, five days after the arrival of the message from France. The
proposed plan stipulated the creation of a combat force of 3,000
aircraft for reconnaissance or observation, 5,000 fighters, and
1,000 bombers, with a reserve of 1,000, 1,667, and 333 in the three
categories respectively. This force amounted to a total of 12,000
aircraft, the number contemplated by Premier Ribot as essential
for the first six months of 1918 in addition to the original force
of 4,500.1! The sheer size of this force, larger than any responsible
officer had even dreamed of before the war, made an adverse im-
pression on the General Staff. For one thing, the proposed program
would require a staggering appropriation. Moreover, officials on
the General Staff feared lest the vast amount of material required
would affect “everything else in the United States.” 2 There was
some justice in their alarm as the subsequent industrial mobiliza-
tion was to demonstrate, but the ensuing delay in reaching a de-
cision threatened to wreck the program. General G. O. Squier, who
was responsible for the Aviation Section, took the problem directly
to the Secretary of War over the heads of the General Staff. The
secretary presented the program to Congress where 640 million
dollars, one of the largest single appropriations made up to that
time, was hurriedly voted.

The speed with which the aviation bill passed and the size of the
sum appropriated were compelling evidence of the popular faith
in aviation as a weapon for winning the war. Nevertheless, an en-
thusiastic public while important in winning financial support,
did not differentiate between the functions of the several types of
aircraft. Congressional comment had publicized the belief that one

11. Joint Army-Navy Technical Board to Secretary of War, 29 May 1917, For an
indication of the program drafted before receipt of the Ribot cable, see JANTB to
Secretary of War, 28 May 1917, NA, BAP Misc. Hist. Box 1, 821.9 A.S,, Training.
The Ribot cable is officially declared to be the basis of the United States program in
“Final Report of the Chief of the Air Service, AEF,” dir Service Information Cir-
cular, 2, No. 180 (15 Feb. 1921), 28,

12. Testimony of Maj. B. D. Foulois, War Expenditures, House Hearings, 66
Cong. 1 Sess., Serial 1, Pt. 6, 6 August 1919, pPp- 878-4. Gen. P. C. March, writing
some 15 years later in The Nation at War (Garden City, Doubleday, Doran, 1932),
P- 201, calls the French request “ridiculous” and “preposterous.” Significantly, how-
;veg he did little to alter the objectives of the program when he became Chief of

taff.
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airplane was worth a regiment of cavalry.’® To Congress, and pre-
sumably to the public at large, this contention, right or wrong,
lumped all aviation into one category. In actual point of fact, the
composition by types of the air force to be constructed with the
huge appropriation would determine the relative value of the air
arm in warfare. The success or failure of the aerial weapon in the
war depended in a large measure upon the decision of the Joint
Army-Navy Technical Board.

Because the significant French military studies which empha-
sized the importance of bombers and fighters over observation were
unknown to them, the board members had drafted the program on
a ratio of three observation aircraft to five fighters and one bomber.
Just how influential the decision of the board actually was is dif-
ficult to determine: there were other factors which shaped the
ultimate composition of the air arm. Among these, first in im-
portance were the limitations on production in the United States
and the nature of the demands made from overseas by the expedi-
tionary force. Nevertheless, there can be no question of the pro-
portionally immense weight of the board’s initial decision, for sub-
sequent alterations took on the character of modifications in the
original program for production rather than fundamental changes
in doctrine.

The influence exerted on aerial policy by the forces of the United
States overseas did not wait upon the arrival of troops in large
numbers. On 26 May 1917, while still in Washington, Gen. J. J.
Pershing assumed his duties as commander-in-chief of the Ameri-
can Expeditionary Force. That same day he appointed Maj. T. F.
Dodd of the Signal Corps to his staff as aviation officer of the Air
Service, AEF. Major Dodd’s appointment marked the establish-
ment of an Air Service as an organization quite independent of
the Signal Corps in the overseas theater, although the relationship
of the Signal Corps and its Aviation Section remained unchanged
in the domestic establishment.4 Shortly after General Pershing
and his newly formed staff arrived in Europe to lay the ground-
work for the expeditionary force, Maj. William Mitchell, already
in France as an observer, presented the Chief of Staff, AEF, with
a study proposing the organization of an air force. Mitchell’s plan
divided aviation into two broad categories. The first consisted of

18. Congressional Record, 55, Pt. 5, 65 Cong. 1 Sess., 14 July 1917, 5131. The
whole debate, pp. 5104-39, gives a résumé of aviation in the United States.

14. “The Origin of the Air Service, AEF,” and research data compiled prior to
preparation of study for Vol. 1, chap. iii, Hist. A.S. AEF, 1919, NA, WWI Orgn.
Records, A.S. Hist. Records Box 800,
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squadrons serving the divisions, corps, and armies of the ground
force and was to be attached just as units of other arms and serv-
ices, such as artillery or signal troops, were attached. The second
group comprised an entirely different type of force. Major
Mitchell substantiated his recommendations regarding this group
with a reference to French requirements.

Based on the theory that no decision can be reached on
the ground before a decision has been gained in the air, the
French General Staff has requested that in addition to the
aviation units which form a part of the American troops
coming to France, there be organized a number of large
aeronautical groups for strategical operations against
enemy aircraft and enemy materiel, at a distance from the
actual line. These units would be bombardment and pursuit
formations and would have an independent mission very
much as independent cavalry used to have, as distinguished
from divisional cavalry. They would be used to carry the
war well into the enemy’s country.1®

Mitchell’s conception of the independent strategic mission of
air power as analogous to strategic use of cavalry raiders cannot
fail to raise speculation as to what might have been the evolution
of aerial doctrine in the United States had the Cavalry rather
than the Signal Corps served as the foster parent of aviation.
Whatever “might have been,” Major Mitchell’s study thrust the
problem of the proper organization of aviation to the forefront.
Six days after receiving Mitchell’s plan, General Pershing ap-
pointed a board of officers to determine the form and composition
of the Air Service, AEF. The membership of the board is revealing :
it included four Signal Corps representatives, one Cavalry officer
and one Field Artillery officer, each bringing to the board’s delib-
erations a somewhat different idea of the role of air power.

The prevailing French military doctrines regarding the role of
the air weapon as well as the views of Major Mitchell helped the
six officers in framing a final report. The board regarded as “a
cardinal principle in warfare” the assumption that “a decision in
the air must be sought and obtained before a decision on the ground
can be reached.” To this end the board recommended that the

15. Ibid. Memo, Maj. W, Mitchell to Chief of Staff, AEF, 13 June 1917, quoted in
“Air Service Programs, 1917,” study for chap. v of Hist. A.S. AEF, NA, WWI
Orgn. Records, A.S. Hist. Records Box 300. For a statement of doctrine issued over
Mitchell’s name, see Qeneral Principles Underlying the Use of the Air Service in the
Zone of the Advance, AEF (Hq., AEF, 380 Oct. 1917).
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composition of the Air Service follow the program already sug-
gested by the French. The French plan stipulated a strategic
force of 30 bomber groups and 30 fighter groups for one element
of the air arm and for the other a service force of a size deter-
mined entirely on a troop basis to take care of the ground arms.
The board prepared copies of its recommendations for General
Pershing’s signature in the form of cables to the War Department.
Apparently the cables never left France.!® The composition of
the Air Service, AEF, remained unsettled until 11 J uly 1917. On
this date Pershing formally approved the General Organization
Project, a comprehensive plan for the AEF as a whole which had
been drafted by the Operations Section of his staff. The program
thus authorized required an expeditionary force of a million men
and provided for aircraft in conjunction with ground troops only.
In all there would be 59 squadrons of tactical aircraft with the
field armies. Strategic aviation found no place in this initial pro-
gram of the AEF.

The strategic role of aviation, nevertheless, was not to be ig-
nored. In August Mitchell, by then a lieutenant colonel, once again
proposed an organization for the Air Service similar to that re-
quested by the French. The 59 squadrons contemplated in the ap-
proved program of the AEF consisted of 39 for observation, five
for bombing, and 15 for pursuit. Mitchell proposed in addition to
the tactical force a strategic force of 201 squadrons divided into
41 for observation, 55 for bombardment, and 105 for pursuit.1?
He must have been persuasive: during October 1917 his proposal
became the official program for aviation in the AEF. Program
number one, as it was subsequently called, represented a total of
260 squadrons: 120 pursuit, 80 observation, and 60 bomber. This
force included both strategic and tactical aircraft.

During the early months of 1918 the French General Staff
reiterated its earlier contention, declaring that an increase in units
for pursuit and bombardment would be “the most important re-
enforcements” required by the Allies. In April 1918 a subsequent
program for the AEF reflected something of this influence; its
authors asked for a total of 120 squadrons: 14 pursuit, 50 ob-
servation, and 56 bomber. The next authorized program, in June

16. See above, p. 46 n. 14. AEF aviation cables are on file in the National Archives,
but they are difficult to use as they are still in corded bundles. A search conducted
by an Air Service officer working on a study (mentioned above, p. 46 n. 14), im-

mediately after World War I revealed no trace of these cables, nor was a con-
temporary search more successful.

17. See above, p. 43 n, 7.
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1918, was even more clearly aligned with French thinking: 120
squadrons for pursuit, 40 for observation, and 101 for bombard-
ment.!® From these figures it might appear that General Persh-
ing’s staff had accepted wholeheartedly the strategic air doctrines
of the French.

Unfortunately, a wide disparity existed between the official
programs of the AEF and the number of aircraft actually on
order in the United States. In April 1918 the aircraft on contract
included 2,000 pursuit, 1,050 bomber, and 8,000 observation.!?
Not only was the number of aircraft on contract out of balance
with the schedules of the AEF, but the production actually achieved
in the United States also exerted a compelling influence on the
planning of programs in the AEF. The final composition of the
Air Service anticipated in July 1918 comprised a total of 202
squadrons: 60 pursuit, 101 observation, and 41 bomber units.
While this distribution was probably based on a realistic attitude
concerning the availability of aircraft rather than upon any overt
change in the doctrines of air power, the Chief of the Air Serv-
ice, AEF, approved the program, and thus it could scarcely
fail to be influential in determining priorities on production in
the United States. The following table summarizes the successive
programs of the Air Service, AEF, and shows the changes in the
composition of the proposed force:

NuMBER OF SQUADRONS

Date of Program  Pursuit  Observation Bomber Total

17 Oct. 1917 120 80 60 260
9 April 1918 14 50 56 120
6 June 1918 120 40 101 261

29 July 1918 60 101 41 202

After the close of the war officers in the Air Service were some-
times inclined to point to the final program with its ratio of ap-
proximately two bombing squadrons to three fighter squadrons
and five observation squadrons as evidence of a failure in the high
command to appreciate strategic aviation. One commentator even
declared that the final program “clearly considered the observation

18. “Formulation and Distribution of Programs,” study for BAP Hist., Table
XII, Sept. 1919, NA, BAP Hist. Box 9, 334.8 Overseas Missions.

19. Ibid. Memo, Col. H. H. Arnold, April 1918. The seemingly abnormal number
of observation aircraft is probably accounted for in part by the inclusion of day-
bombers in this category. The same aircraft served for both tactical bombing (day-
bombing) and observation. The limits of performance of this type precluded its use

in the strategic role contemplated by Mitchell, who visualized a force in which heavy,
long-range night-bombers predominated,
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squadron as of first importance” and must have stemmed from a
belief that aviation was “not to be used as a fighting arm except
for observation defense.” 2° Some officials in the upper echelons of
command in the AEF may have felt this way, but there is abundant
evidence to show that the program of July 1918 was based on the
possibilities of production rather than upon any well-thought-out
policy.

Whether the program reflected the influence of production on
planning or the influence of planning on production, in the final
analysis experience in combat with aircraft of the several func-
tional types would provide the basis for shaping most postwar
thinking about air power. Just how successfully the United States
met the problem of getting aircraft of these various functional
types to the fighting front remains to be told.

The pages above point out that exploitation of the air weapon
depended upon two critical factors: doctrine and equipment. Doc-
trine alone would win no wars. Even before they had been able to
refine the army’s views on the mission of the air weapon or deter-
mine the proportions of the several functional types required,
officers of the Signal Corps had to decide upon specific models of
aircraft to fulfill the mission settled upon. When evaluating in
retrospect the selection of types which was eventually made, one
must not forget that the officers concerned had to choose their tools
before learning the nature of the job to be done.

Certainly no one in Washington could pretend to be fully in-
formed of the task ahead. Ten days after the United States en-
tered the European conflict the Chief Signal Officer called a meet-
ing of all the Allied military attachés present in Washington and
told them that the Signal Corps would welcome foreign aviation
missions to this country. Hitherto Allied representation had been
more diplomatic than technical. But now the Signal chief believed
that special aviation missions staffed with men trained in design
and construction as well as pilots with tactical experience would
be essential in setting production on its way in this country.?! The
Signal Corps’s request for technical missions directly through the
good offices of the military attachés is significant. Earlier interna-
tional dealings, in the months of war from August 1914 to April
1917, were conducted almost exclusively through normal diplo-

20. Ibid., cf. Benedict Crowell, 4merica’s Munitions; 1917-1918 (Washington,
GPO, 1919), p. 254.

21. R. M. McFarland, “Foreign Missions to the United States,” 21 July 1919, NA,
BAP Hist. Box 10, 336.91 Foreign Missions.
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matic channels. This policy was probably, in part at least, a result
of President Wilson’s scrupulous attempts to keep the nation free
from the slightest odor or tint of unneutral conduct.2? Whatever
may have been the diplomatic value of the policy, it contributed
to the isolation of the United States from the rapidly evolving
European doctrines of air power. The Signal Corps, however, ap-
pealed for pilots, designers, and engineers directly to the attachés
“without proceeding through the regular diplomatic channels.”
Soon afterward a large number of French, Italian, and British
officers and engineers came crowding to Washington and reported
for duty directly to the chief of the Signal Corps. To handle this
assortment of liaison officers a special organization was created
directly under the chief.?® The newly established office is worth
noting, first, because it was relatively high in the chain of command
and with the ear of the responsible official and second, because it
represented an abnormal channel of information between Europe
and the United States. The regular channel was of course the sys-
tem of military attachés.

While the Allies were assembling their aviation missions in
Washington (a slow process inasmuch as transatlantic passage in
those days meant a steamship journey), another less official liaison
group appeared. Agents for foreign manufacturers with their eyes
on the potentially great needs of the Signal Corps and the relative
insignificance of the aircraft industry in the United States turned
up at every door with propositions. Most of these agents were will-
ing to reveal trade secrets and ready to grant manufacturing con-
cerns in this country liberal license rights on advanced types of
aircraft in use at the front in Europe—in return for the payment
of large royalties. Many advantages, to be sure, were likely to stem
from direct contact with the aircraft manufacturers in Europe.
They were better informed as to the tactical requirements of the
war, and they were already employing techniques of mass produc-
tion rather than job-shop methods of manufacture. But these ad-
vantages were offset to some extent because the European manu-
facturers were, for the most part, represented in the United States

22. For another instance of Wilson’s adverse influence on technological prepared-
ness in his anxiety to remain neutral, see AAF Historical Study No. 50, “Materiel
Research and Development in the Army Air Arm; 1914-1945,” p. 13, 1946, AAF
Archive.

23. Report of Chief Signal Officer, 4nnual Reports of the War Department, 1918,
1, 1074; and The Signal Corps and Air Service . . . 1917-1918, War Department

Document No. 1109, 1922, Army War College Historical Section Monograph No. 16,
pp. 40-1.
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by brokers or commission agents and not by engineers. Moreover,
financial embarrassments would almost certainly arise if the United
States became involved in a series of royalty claims with individual
foreign concerns. Accordingly an early decision was made requir-
ing all inter-Allied exchanges of technical information to flow
through official channels.2* Whether the financial gain secured by
this policy was sufficiently great to make up for the loss of direct
technical relationship between manufacturers on both sides of the
Atlantic is impossible to determine. Whatever the merits of the de-
cision, it served to emphasize the importance of liaison on engineer-
ing matters between foreign governments and the United States.

Early in May 1917 an official of the NACA, concerned over the
absence of planning for production in the United States, urged
the Chief Signal Officer to order a group of engineers to Europe to
secure the latest information about tactical aircraft. The Chief of
the Signal Corps was naturally reluctant to comply since he had
already invited the Allies to send missions to this country for that
particular purpose, so the proposal was discarded. The foreign
missions to the United States, however, proved less helpful than
had been anticipated. The various officers and engineers sent to
Washington were out of touch with the most recent developments
along the front. Their information, based chiefly on personal ex-
perience, was weeks or even months out of date. When this became
evident, the Chief Signal Officer at last approved a plan to send
a technical mission to Europe.

Although the mission was approved on 15 May 1917, its mem-
bers did not actually sail until the middle of June. Considering that
every delay at that time played havoc with the nation’s entire
program for producing aircraft, the time between the date the
mission was approved and its actual departure appears unreason-
ably long. Had the mission sailed a month sooner, the composition
of the Air Service, AEF, would have been completely different. By
arriving in France before General Pershing and his staff, the mem-
bers of the aviation mission could have made their technical de-
cisions solely in the light of French and British experience. Their
decisions would then have reflected the aerial doctrine of those
armies rather than the policies of Pershing’s staff. The specula-
tion is not an entirely idle one: the disparity between what was
actually done and what might have been done points up the power

24. “The Aircraft Production Board,” Proceedings of the Acad. of Pol. 8ci., 7,

No. 4 (Feb. 1918), p. 109. See also Testimony of Col. E. S. Gorrell, War Ezpendi-
tures, House Hearings, 66 Cong. 1 Sess., Serial 2, Pt. 6, 4 Aug. 1919, p. 211,
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of technical decisions to affect doctrine and the influence of doc-
trine on weapons.

Colonel R. C. Bolling, an officer who in private life had at one
time served as general counsel for the United States Steel Corpora-
tion, was the leader of the mission leaving for Europe. An early
aeronautical enthusiast, he recognized the importance of aircraft
in warfare and had taken a leading role in organizing the first
National Guard Aero Company in 1915. Besides Bolling, two
aeronautical engineers from the Signal Corps, two officers repre-
senting aviation in the navy, and two civilians (both from the
automotive industry) representing the point of view of produc-
tion made up the total membership of the Bolling Mission, as that
group came to be known. Nearly a hundred specialists, technicians,
and mechanics accompanied the mission to acquire training in
shop practices used in manufacturing aircraft and engines,?5

The Bolling Mission set off to Europe armed with broad cre-
dentials authorizing it to consider almost every problem touching
air materiel. The main objective of the mission was, however, to
secure information regarding the latest designs of aircraft, which
could be used as the basis for production in the United States.
Just how vague the mission’s directives were appears in the follow-
ing cable sent by the Chief Signal Officer to Colonel Bolling a whole
month after the group sailed from the United States: “Inform us
as to types and numbers airplanes and engines we should cencen-
trateon. . . . Want to know approximately type airplanes which
will be wanted eight and twelve months from now.” 26 Messages
such as this certainly added nothing to the scope of the mission.
Neither did they clarify its objectives. They merely uncovered
the confusion and lack of appreciation of the nature of the prob-
lem prevailing in military circles in Washington. Moreover, the
exact line of demarcation between the authority of the Bolling

25. Memo, Capt. J. L. Ingoldsby, Chief, Hist. Sect. A.S, 8 June 1919, NA, BAP
Misc. Hist. Box 1, 8219 A.S,, Training; and Sweetser, The dmerican Air Service,
PP. 64-5. Gorrell, writing 23 years afterward, puts the number in the mission at 12;
he probably considered some of the technicians as members. See E. S. Gorrell, The
Measure of America’s World War Aeronautical Effort (Northfield, Vt., Norwich
University, 1940), p. 3. At the time of the mission’s departure for Europe, Bolling
was still a major. The two other army members, E. S. Gorrell and V. E. Clark, were
both captains. Subsequently Bolling and Gorrell were promoted to full colonels, and
Clark became a lieutenant colonel. Bolling, as the head of the mission, carried

credentials both as an officer and as a civilian, so the question of rank was probably

of little significance in his negotiations. Where exact rank at a given time is un-
known, highest rank is cited.

26. Transcript, cable, Squier to Bolling, 17 July 1917, NA, BAP Hist. Box 20,
452.1 Airplanes, General.
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group and the authority of officers in the Air Service, AEF, re-
mained in doubt. Bolling’s objectives were supposed to be “tech-
nical,” but it soon became apparent that neither technical nor en-
gineering decisions could be made without reference to tactics or
strategy.?”

Two considerations enormously increased the diffculties of the
Bolling Mission. First, the mission had sailed from the United
States before the General Staff approved the program for avia-
tion drawn up by the Joint Army-Navy Technical Board. Since it
was the board’s program, based on the quantitative but not the
doctrinal content of Ribot’s cable, which determined the composi-
tion and hence the doctrine of the Air Service, Bolling left the
United States without an authoritative statement of policy on the
nature of the role anticipated for the aviation units for which
the mission was to select aircraft. The members of the mission had
time to become familiar with the contents of Ribot’s cable, but of-
ficial approval took place after they sailed. In the second place,
when the mission arrived abroad, the Allies themselves after nearly
three years of war failed to agree upon a common doctrine to
present to the United States as the basis for a large-scale program
of production. Air officers among the Allies were in substantial
accord, but there appeared to be a diversity of opinion among the
high commands of Italy, France, and the United Kingdom.

When the French urged the formation of an independent or
strategic bombing force, the Royal Flying Corps resisted the move,
not because of any objection to the idea in principle but rather
because of an acute shortage of aircraft. At the time of the United
States’ entry into the war, the British had 50 squadrons in France
—=21 squadrons for service with the ground forces, 27 squadrons
of fighters, and only 2 squadrons of bombers. Later, after the
Germans had used giant Gotha bombers to demonstrate the utility
of strategic air power by long-range attacks on London, the Air
Board of the British government recommended a program to
organize 40 squadrons of long-range bombers. General Sir Doug-
las Haig, representing the point of view of the ground forces, op-
posed the proposition, fearing lest it would be accomplished only
at the expense of units cooperating with the ground arms. Thus,
although there were many in the United Kingdom who were thor-

27. “The Bolling Aeronautical Commission,” study and research data compiled

for Vol. I, chap. iv, Hist. A.S. AEF, NA, WWI Orgn. Records, A.S. Hist. Records
Box 300.
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oughly interested in the possibilities of strategic bombing, when
the Bolling Mission arrived in London the British had been un-
able to settle upon a program for large-scale strategic bombard-
ment,28

The views of the French have already been mentioned. In a situa-
tion similar to that in Britain, French production was unable to
meet both the requirements of the armies and those of a strategic
force. To overcome this difficulty the French contemplated using
the first fruits of American productive capacity, the 4,500 air-
craft specified in Ribot’s message, to form a strategic force. Some
of the circumstances which subverted this intention have been dis-
cussed earlier in this chapter. Even though Ribot’s cable failed to
carry its full implications on aerial doctrine, the French left no
doubt in the minds of the members of the Bolling Mission as to
the relative importance of the strategic air arm.

Italy was the only country in which the Bolling Mission found
an effective long-range bombing program actually underway. On
the Austrian front, Italian bombardment sorties had been so suc-
cessful that one general officer was willing to sign a declaration
of his confidence that “systematic, continuous, and scientific bomb-
ing” could effect an Austrian withdrawal in two weeks. The Italians
had already concentrated as many as 250 Caproni bombers in a
single raid. It was not mere numbers, however, which the Italians
stressed but the importance of the doctrine that bombing should
be “systematic, thorough, and consistent.” 2°

By the end of July 1917, about a month and a half after sailing
for Europe, the Bolling Mission had visited all the Allies and
secured information upon which to base a report. At a conference
attended by representatives of the French, British, and Italian
governments, as well as the aviation officers of General Pershing’s
staff, the members of the mission prepared a cable to Washington
describing in detail the specific types of aircraft they had chosen
for production in the United States. Physical samples of each
aircraft selected were dismantled and shipped across the Atlantic
to help familiarize the prospective manufacturers with the foreign
models. Although the United States participated in World War I
for a total of 19 months, it was not until after the first five of these

28. H. A. St. G. Saunders, Per Ardua (London, Oxford University Press, 1945),
pp. 219-20. See also Col. R. C. Bolling to H. E. Coffin, Chairman, Aircraft Board,
15 Oct. 1917, NA, BAP Hist. Box 21, 452.1 Caproni Contract; and H. A. Jones, The
War in the dir (5 vols., 2-6; Oxford, Clarendon Press, 1928-37 )s Vol. 6, chaps. iii, iv.

29. Bolling to Coffin, 15 Oct. 1917, NA, BAP Hist. Box 21, 452.1 Caproni Contract.
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had passed that the initial selection of designs was made and de-
tailed planning for production could begin.3°

The formal report of the Bolling Mission represented something
of a middle course between the extreme views of the exponents of
strategic bombardment on the one hand and the advocates of army-
cooperation or tactical aviation on the other. Although the direc-
tives Bolling had received did not require or even expect the mis-
sion to formulate doctrine, it was probably inevitable that the
report of the group should involve at least implicit consideration
of principles. The Bolling report laid down a pattern for produc-
tion: first, training aircraft; second, aircraft for use “strictly in
connection with the operation of American forces in the field”;
and a third category best described in the words of the report itself.

After these first two considerations comes the American
program of putting into the field next year air forces in
excess of the tactical requirements of its army in France.
It is greatly desired that the United States shall do this.
Such air forces should consist of fighting airplanes and
bombers.

The report, as drafted, established a time schedule for production.
In the United States, third-place mention of the strategic force
was apparently taken to mean that it was third in order of relative
importance. As a consequence of this interpretation, officials did
not treat bombers as a part of the immediate manufacturing pro-
gram, and the composition of the Air Service with the AEF in
France was modified accordingly.3!

British experience, mentioned above, had already supplied ample
evidence on the vital influence of the achievements or failures of
production in shaping air doctrine. The members of the Bolling
Mission were probably unaware that the order of priorities inferred
from their report would have a profound influence upon the histori-
cal evolution of aerial doctrine. The opinions of the individual

80. Gorrell, “What, No Airplanes?” See also Gorrell testimony, cited above, P
52 n. 24.

81. Photostat of signed copy, Col. R. C. Bolling to Chief Signal Officer, 15 Aug.
1917, NA, BAP Hist. Box 10, 334.8 Bolling Report. A cable regarding the aircraft
selections mentioned in this report had been sent to the U.S. at the end of July 1917.
Apparently there was some confusion in decoding or transmission, for on 7 Aug.
1917 a portion of the cable was repeated. See also C. E. Hughes to the Attorney
General, 25 Oct. 1918, hereafter cited as Hughes Report, which contains significant
portions of the Bolling message. The Hughes report was widely reprinted at. the
time it first appeared. The version cited in this study appears in dutomotive In-
dustries; The Automobile, 39, No. 18 (81 Oct. 1918), 745 ff.
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members of the mission, expressed in correspondence apart from
the formal report, show that they had a stronger appreciation of
the strategic role of air power than their report would suggest.
Specifically, Colonel Bolling wrote of his conviction that both the
French and the British had overemphasized fighters at the expense
of bombers. By contrast Italian experience gave substantial proof
of the profitable results to be derived from a strategic bombing
force.

In the brief time available the Bolling Mission had not tried to
evaluate all the factors entering into the success of Italian bom-
bardment: the absence of effective Austrian opposition was one
element to be considered, the early success of Italian manufacturers
in producing a large number of bombers another. Whatever the
factors may have been, the scope of Italian bombing operations
impressed the members of the mission. These operations along with
the opinions of the British Air Board and the French General
Staff combined to induce Colonel Bolling to favor bombing air-
craft over the other functional types. Sometime after the report
from the mission had gone to Washington, Colonel Bolling wrote
to the man responsible for aircraft production in the United States:
“I cannot strongly enough express my concurrence in your view
that our great effort should be directed toward an enormous
quantity production of bombing machines both for day and
night.” 32 This view of air power was certainly a great deal stronger
than that expressed in the formal report of the Bolling Mission,
giving credence to the thought that the members of the mission
did not intend to give lowest priority to the independent bombing
force. But the language of the report certainly seems to favor
the opposite view when it says that the bombing units would be
formed from “forces in excess of the tactical requirements” of
the ground armies. Production had already been delayed five
months while waiting for a decision regarding types. It must
therefore have been apparent that the creation of an independent
bombing force would suffer a critical delay if it also had to wait
until the requirements for the ground forces could be met.

In view of the generally uncrystallized state of air doctrine in
the United States except insofar as a policy had been read into
Ribot’s message, a large element of responsibility for the formula-
tion of doctrine appears to fall upon the Bolling Mission. The
members of the mission were responsible not only for their technical
decisions but for their decisions on aerial doctrine as well, even if

82. Bolling to Coffin, 15 Oct. 1917, cited above, p. 55 n. 28,



58 IDEAS AND WEAPONS

the latter were implicit, incidental, or unintentional. Nonetheless,
in making an assessment of the mission it should be noted that
representatives of the Allied armies and of General Pershing’s
staff sat in with the Bolling group on the deliberations leading to
the selection of types cabled to Washington. The mission’s interim
reports and the correspondence of individual members give evi-
dence on their opinions when not influenced by the presence of staff
officers of the Allies and of the AEF. The great detail with which
Colonel Bolling reported opinions at variance with the implicit pri-
orities established in the formal report of the mission gives some
weight to the suspicion that the members of the Bolling group
wanted to emphasize the doctrine of the independent bombing force
regardless of the official declaration in their report.

As early as 29 June 1917, shortly after the mission first arrived
in London, Colonel Bolling reported at length on the views of Gen.
Sir David Henderson of the British Air Board. In a comprehensive
discussion of the problem of aerial doctrine confronting the United
States, General Henderson urged Colonel Bolling to abandon the
attempt to regard aviation as a “balanced arm” established entirely
in proportion to the number of troops in the ground forces. The
general divided aviation into three categories: service or observa-
tion aviation, fighter aviation, and bombardment aviation. He be-
lieved that aircraft for observation should be procured on a troop
basis—so many aircraft to serve so many troops. Fighters, the
general felt, should be procured in quantities great enough to
drive the enemy out of the air, preferably a three-to-one numerical
superiority. General Henderson considered bombers in an entirely
different light:

Over and above the army machines and the fighters, there
must be on hand a maximum number of airplanes that a
country is able to produce to use against the enemy in
bombarding him out of his position and cutting off his com-
munications and destroying his sources of supply.

In the light of the subsequent lack of interest in the strategic air
arm, this statement of doctrine is the more noteworthy for its
clarity as well as for the early date at which it was expressed. The
final phrase extended the vista of air power well beyond the range
generally prevailing in military circles. The opinion is noteworthy
for another reason as well: the man who expressed this view was
a general officer, a representative of the British army. He concluded
his plea to Colonel Bolling emphatically, saying, “The greater
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the number of bombarding machines, properly protected from at-
tack of enemy machines, the shorter will be the duration of the
war.” 83

In the absence of an arbitrary directive from Washington, the
Bolling Mission was more or less free to shape air doctrine by the
nature of its technical decisions and the emphasis of the implica-
tions for policy included in its reports to the United States. Never-
theless, despite the apparent attempts of individual members
within the mission to influence the concept of the role of the aerial
weapon as formulated in the United States, there appears to have
been little change in the composition of the Air Service formally
approved by the General Staff in June 1917.

The weight of the formal Bolling report with its concurrences
by the staff of the AEF, as contrasted to the interim reports and
letters of individual members of the mission, may have led to a de-
cision in Washington to accept the composition of the force
formulated by the Joint Army-Navy Technical Board as essen-
tially sound. On the other hand, it may equally well be that once
an aerial doctrine was formulated, albeit by implication, concern-
ing the composition of the force planned for the Air Service of
the AEF, officials in the Signal Corps were unwilling to make any
changes despite additional information from abroad. Once pro-
duction was begun, drastic alterations in policy would mean fur-
ther serious delays. Moreover, in presenting a new program to the
General Staff for approval, there was some danger that the op-
position expressed earlier by the staff might on a second occasion
prove more formidable. This was especially so since the hectic furor
which had prevailed at headquarters in Washington during the
first few weeks of the war had somewhat subsided.

The Bolling Mission had a remarkable opportunity to shape the
content of and give direction to the doctrine of air power in the
United States. To say that the mission failed to make the most
of this opportunity is to cast no discredit upon the individuals in
the group. Their assigned objective was to determine the best pos-
sible types of aircraft for production in the United States. The
mission accomplished this objective. At the meeting of 81 July
1917 the Bolling group selected four major types of Allied air-
craft for use by the AEF. They designated the British DeHavi-

33, Cited in “The Bolling Aeronautical Commission,” study and research data
compiled for Vol. I, chap. iv, Hist. A.S., AEF, 1919, NA, WWI Orgn. Records, A.S.
Hist. Records Box 300. Gorrell’s retrospective contention in 1941 that the British in
1917 had recommended against bombers as “of but little value” is not supported by
the evidence of 1917, including his own reports. See above, p. 52 n. 24, p. 56 n. 30.
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land, the DH-4, as the best aircraft for observation and day-
bombing available for quantity production; as fighters they chose
the British Bristol and the French SPAD, and the Italian Caproni
was singled out to serve as a long-range night-bomber.34

Since there is no question of the integrity of the individuals in-
volved, it may reasonably be assumed that they based their selec-
tions of aircraft on the best available technical and tactical data.
How difficult it sometimes was to obtain such objective evidence
will be shown in a subsequent chapter. But in this instance the
decision to rely upon the British for three of the major types is
attributable to several factors extraneous to effectiveness in com-
bat or technical considerations. When the Bolling Mission arrived
in London, the whole question of proprietary interests was at fever
pitch. Allied manufacturers’ agents had offered to license indi-
vidual concerns in the United States at substantial fees. The War
Department as the ultimate purchaser decided to deny all such
payments in principle and to deal directly with the Allied govern-
ments. As soon as the Bolling negotiations began, the British
government expedited the selection of types by saying in sub-
stance: we shall talk production now ; let royalties wait until after
the war. The French, on the other hand, insisted on working out
the details of payment before initiating the production which
would help win their war for survival.3s

While the question of royalties probably contributed something
to the mission’s decision, there were some less tangible influences.
According to the testimony of one military observer commenting
on conditions in France immediately following the Bolling Mis-
sion’s report, aircraft production was “terribly demoralized.” Of-
ficers from the United States were reported as believing, possibly
erroneously, that some individual manufacturers exercised so much
political power in the Chamber of Deputies that they could deter-
mine the selection of aircraft for the French army. This lack of
“grip at the top,” which was expressed during the latter part
of 1917 in idle aircraft factories or, even worse, in production
of obsolete types, must be taken into consideration when weighing

84. Testimony of Col. E. S. Gorrell, War Expenditures, House Hearings, 66 Cong.
1 Sess., Serial 2, Pt. 6, 4 Aug. 1919, pp. 211 ff.; Gorrell, The Measure of America’s
World War deronautical Effort; and Sweetser, The American Air Service, p. 11.
The complete reliance of the United States upon the Allied aircraft types selected
by the Bolling Mission belies Lloyd George’s charge that manufacturers in the U.S.
refused to accept Allied designs since this would have been a reflection on American
“inventiveness.” See David Lloyd George, War Memoirs (6 vols.; Boston, Little,
Brown, 1933-37), 4, 451. See also Hughes Report, 25 Oct. 1918, p. 750-12,

85. See Gorrell Testimony, P- 211, cited above, n. 34.
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the elements involved in the decisions of the Bolling group.3®

The reports of the Bolling Mission did not elaborate or explain
in detail all the elements contributing to the decisions on design.
There was little time for explanations. Only 85 days elapsed be-
tween the day the mission reached England and the date of the final
report. During that period, members of the mission visited fac-
tories, conferred with military leaders, and studied sample aircraft
in three different nations. When the decisions of the meeting in
July finally were made, the mission had completed its assignment.
Its members did not return directly to the United States, but ap-
plied themselves individually to some of the many other tasks which
were everywhere crying to be done in preparation for the arrival of
the great hordes of soldiers from across the Atlantic.?”

Officials in the United States generally assumed that the report
received from the Bolling Mission would unleash the productive
capacity of the nation to create aerial flotillas capable of sweeping
the Germans from the skies. But during the spring and summer
of 1917 the military authorities directed no effort toward establish-
ing an effective organization to continue making the decisions
begun by the Bolling Mission. Here is evidence of their failure to
appreciate at that time the dynamic nature of aircraft design.
Freezing design at one point for any prolonged length of time
would result in producing obsolete aircraft, a liability in combat.
When the Bolling decisions were made this was not fully under-
stood if, as is doubtful, it was recognized at all. The realities of
combat were to drive the point home all too clearly.

At the end of July the Bolling Mission with the unanimous vote
of all the Allies selected the French SPAD as one of the two best
available fighters in Europe. During the second battle of Verdun
in August 1917, enemy innovations made the SPAD obsolete. Be-
cause of delays on the part of the French authorities, the sample
SPAD which the Bolling Mission had ordered as the starting point
for the production of fighters in the United States had not left
France at the time it became obsolete.?® And this instance was by
no means an isolated one. Less than 48 hours after the Dutch air-

86. Transcript of testimony, Col. S. D. Waldon before special meeting of the Air-
craft Board, 8 Feh. 1918, NA, BAP Executive Office Files, Box 65, 334.8 Aircraft
Board. The BAP Executive Office Files are hereafter cited as BAP Exec.

37. The Bolling Mission formally dissolved 81 July 1917, and the members worked
independently thereafter. The language of one report made on 4 Sept. 1917 does
indicate, however, that it was compiled by more than one member. See NA, BAP
Hist. Box 21, 452.1 Caproni History.

38. Gorrell, “What, No Airplanes?” See also Copy, Col. S. D. Waldon to Maj.
H. S. Martin, 5 Sept. 1917, NA, BAP Hist. Box 25, 452.1 SPAD file.
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craft designer Anthony Fokker first saw the principle of propeller
deflector plates on a captured French aircraft, he worked out
his subsequently famous synchronous interrupter-gear for firing
machine guns through a propeller arc. While it is obvious that
this device required somewhat more time to put into production
than to conceive initially, the implication of a rapid flux in design
is self-evident.3®

By the end of the summer of 1917 Colonel Bolling had come to
recognize the importance of changes in design as a factor in main-
taining superiority in the air. He felt that the French and British
had a decided advantage over the United States in their proximity
to the fighting front. Changes evolved in actual combat could be
hurried home and introduced as modifications on aircraft under
construction, all within a matter of hours or days. To do the same
for the United States involved delays of weeks and even months.
The SPAD may have been in Colonel Bolling’s mind when he sub-
sequently wrote, “The whole complexion of the air situation may
be said literally, and without exaggeration, to be capable of change
overnight, due to some improved design . . .” 4° Thus the colonel
recognized the importance of changes in design but failed to offer
any specific recommendations concerning ways and means of meet-
ing the situation.

Lieutenant Colonel Virginius E. Clark, one of the two aero-
nautical engineers in the Bolling Mission, also saw the constant and
rapid changes in the design of aircraft on the front in Europe.
Yet, like Colonel Bolling, he gave little indication that he ap-
preciated the need for a system which would keep aircraft on the
production line in pace with changes in design at the front. Before
returning to the United States to assume a responsible position in
the army’s organization for aircraft engineering, the colonel re-
ported the conclusions he had reached after studying the problem
of the aerial weapon in Europe: “I believe that probably the most
important influence on the conduct of war is the group of men
held responsible for deciding which types will be built and supplied
to the forces in the field.” X

39. A. H. G. Fokker and B. Gould, Flying Dutchman (New York, Henry Holt,
1931), chap. xiii passim, esp. p. 124; and C. G. Grey, The History of Combat Air-
planes (Northfield, Vt., Norwich University, 1941), p. 6.

40. Bolling message of 4 Sept. 1917, quoted in A. B. Gregg, “History of the Cap-
roni Biplane,” 1919, BAP Hist. Box 21, 452.1 Caproni History.

41. Lt. Col. V. E. Clark, “Final Report on the Present Status of Military Air-
planes along the Western Battlefront of Europe,” 12 Sept. 1917, NA, BAP Hist.
Box 20, 452.1 Airplanes along the Western Front.
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Colonel Clark saw the problem as a selection of types to be fol-
lowed by production. His recommendations as to the method of
making this selection confirm the suspicion that in his conception
of the problem he visualized the choice as a single act rather than
the first of a long series of decisions, each concerning a change in
design necessary to keep pace with the enemy. The group of men
responsible for making decisions as to types of aircraft should in-
clude, Colonel Clark believed, individuals representing a variety of
points of view in such fields as operations in combat, maintenance
at the front, design of aircraft, engineering and manufacturing.
This attitude showed that Colonel Clark expected decisions to be
made using information based on a wide range of activities, but
the information was to come from the past experience of the men
making the decisions rather than from any continuing system for
the orderly accumulation of data.

Subsequent events were to demonstrate the futility of relying
upon “experience” rather than continuously accumulating data
from every quarter as a basis for decisions concerning changes in
the design of aircraft. At the end of 1917 there were few in author-
ity who appreciated this principle, and the Bolling Mission broke
up, leaving behind it no more than a rudimentary organization
to perform the function of gathering information (about enemy
developments, new tactical applications, problems of maintenance,
possible exploitation of advances in science and capabilities of
production) and the function of making decisions (initial selection
of new types, introduction of changes in design, modifications, and
similar matters). During the remaining months of the war there
gradually emerged an increasingly clear conception of the situa-
tion faced. As the problem found definition, organizations were
improvised to meet the need.

The coming of war found the United States lacking in two ele-
ments essential to the successful exploitation of the aerial weapon:
a doctrine or statement of the mission expected of the aerial weapon
and a knowledge of the specific types of aircraft required to imple-
ment that mission. For good or ill, a doctrine was formulated from
the misinterpretation of Ribot’s cable and the obiter dictum of
the Bolling reports. By the end of 1917 the necessary decisions as
to types had been made, and manufacturers in the United States
were in various stages of preliminary planning for large-scale pro-
duction.

At the end of 1917 the problem of mass-producing aircraft
might seem to have been half mastered. Actually the obstacles to
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production were only beginning to appear. Design of aircraft was
not only unstable but far less static than the design of any other
weapon military men had ever before encountered. Only slowly did
the officials responsible for manufacturing aircraft in the United
States come to recognize that the dynamic nature of design in the
field of aeronautics imposed unusual difficulties on production. To
overcome these obstacles would require an organization to assemble
information and an organization to make decisions. Until these
organizations could be contrived, General Pershing’s armies
marched without adequate air cover, and no American bombers
threatened German industries.



Chapter IV. Organization for Decision

O~ THE FIGHTING front the opposing air forces struggling for
supremacy introduced innovations almost daily. Some, like the
Fokker synchronizing gear, resulted in revolutionary changes.
Others merely increased the margin of performance, giving one
side or another the advantage in speed, rate of climb, ceiling, range,
pay-load, or some other such performance characteristic. The
course of technological advance was never a straight line; the
process was a continual series of trials and errors. When one side
appeared on the front with an aircraft of superior characteristics,
the other had to devise design changes in both existing production
models and experimental aircraft for effective countermeasures.
Each change in design involved a decision. Each decision, based
on the best information available, was a gamble that the design or
alteration selected would prove to be one which, in happy conjunc-
tion with other such selections, would yield an aircraft superior to
that of the enemy.

The agency charged with making decisions regarding design
and production of air weapons during World War I was certain to
carry a heavy burden of responsibility for the success or failure
of aircraft at the front. And no matter what form this agency might
assume, to ensure the production of superior aireraft would require
an administrative mechanism skillfully devised to perform a com-
plex series of differentiated functions. During 1917 and 1918 such
a decision-making organization did evolve. But, in order to under-
stand the evolution of this organization, a general knowledge of
the over-all administrative structure for aviation in the United
States is indispensable ; and before any further attempt is made to
analyze the decision-making problem it is necessary to digress
somewhat to review the wartime relationship between the Signal
Corps and several independent governmental agencies directing
the production of aircraft.

When the United States entered the war in Europe, two factors
complicated the problem of developing a force for aerial combat.
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First, the existing organization within the Signal Corps was far
too small and inexperienced to cope with the many difficulties sud-
denly confronting it ; and second, independent agencies outside the
corps were already performing some of the functions involved in
expansion. Thus from the outbreak of war the Signal Corps faced
not only a staggering problem of expansion but also the necessity
of accepting responsibility for the activities of agencies over which
it had little or no control. An appreciation of this situation goes
far toward explaining, if not excusing, the failures which blighted
the aviation program throughout the war.

The Aviation Section of the Signal Corps in the early months
of 1917 consisted of a few dozen pilots, mostly in the field, and a
mere handful of staff officers stationed in Washington. Upon this
tiny group in the capital fell the entire burden of planning the
aviation program of the nation. Since this small staff was obviously
fairly overwhelmed with the task of planning for airfields, person-
nel, and training as well as with the myriad other details of the
enterprise, it is not surprising that leadership in the matter of
production fell into other hands—at first, those of the National
Advisory Committee for Aeronautics (NACA).

Congress created the NACA in March 1915 to promote the
growth of aviation in the United States. Its present-day function
makes it the nation’s leading organization for fundamental research
in aerodynamics, but at the time of its creation, in the form of a
rider on a naval appropriations bill, the NACA was but little more
than its title implies, an advisory organization. Its powers and
functions were sufficiently broad and vague to allow participation
in almost any aspect of the development of aviation.!

When war approached, officials of the NACA showed com-
mendable initiative in obtaining statistics on production from air-
craft and engine manufacturers to use as a basis for planning. In
the absence of any large-scale, comprehensive survey by the Signal
Corps the NACA statistics on production were invaluable as a
point of departure for all subsequent procurement. Laudable as
this display of initiative may have been, it undoubtedly contributed
to the cleavage which later developed between production and op-
erations. The NACA was legally responsible to no one but the
President and quite beyond effective control by the Signal Corps.?

1. For a revealing analysis of the NACA in relation to the development of mili-
tary aireraft, see AAF Historical Study No. 50, “Materiel Research and Develop-
ment in the Army Air Arm; 1914-1945,” Nov. 1946, AAF Archive.

2. First Annual Report of the National Advisory Committee for Aeronautics
(Washington, GPO, 1916), pp. 9-20.
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Soon after the declaration of war the rather informal activities
of the NACA in planning for production were supplemented by a
somewhat more formal but nonetheless “advisory” group. In May
1917 the National Defense Council, itself an advisory organiza-
tion, established an Aircraft Production Board charged with co-
ordinating the designs for army and navy aircraft and engines
in addition to cooperating with the military services to remedy
difficulties in production. The Aircraft Production Board, led by
H. E. Coffin, an executive from the automotive industry, picked up
where the NACA group left off in an effort to rationalize the prob-
lem of aircraft production. The board, like the NACA group
before it, was staffed with civilians whose only authoritative chan-
nel of command to the Signal Corps lay through the Secretary of
War.?

The Aircraft Production Board recognized that efficient mass-
production of aircraft would require standardization wherever pos-
sible. Standardization implied prior agreement between the army
and the navy as to the types of aircraft to be produced. Therefore,
the Joint Army-Navy Technical Board, described in an earlier
chapter, was formed in May 1917 to achieve this agreement. The
technical board, supposedly representing some of the best qualified
aviators in the two services, was originally charged with selecting
types of aircraft and making sure that designs were coordinated
and common specifications drawn up. This function gave the tech-
nical board final control over the effectiveness of aircraft sent to
the front, but the board was directly responsible to the secretaries
of War and Navy rather than to the Signal Corps.

The Defense Act of 1916 endowed the Chief Signal Officer with
responsibility for the development of aviation for the army, but
in wartime the chief found that he was dependent upon organi-
zations outside the scope of his authority.* This situation developed
from the failure of the Signal Corps to take the initiative in or-
ganizing to meet the exigencies of the national crisis.

8. “The Aircraft Production Board,” Proceedings of the Acad. of Pol. Sci., 7,
No. 4 (Feb. 1918), 104. The Aircraft Production Board was established by a
resolution of the National Defense Council, 16 May 1917. See also A. Sweetser,
The American Air Service (New York, D. Appleton, 1919), chap. iii, for a brief
description of the board. There is no existing definitive study of the board, but see
typescript, “History of the Bureau of Aircraft Production,” 1919, Wright Field
Hist. Office File. See also W. F. Willoughby, Government Organization in War Time
and After (New York, D. Appleton, 1919), pp. 331-5.

4. National Defense Act, 39 Stat. 166, Sect. 13, 8 June 1916. The NACA Annual
Report, 1917, pp. 16-17, accepts full responsibility for originating the plan to put
production under an agency outside the War Department.
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After five months of war, during which time responsibility for
the program had remained uncertain and divided among several
agencies, the Chief Signal Officer formed an Equipment Division
as one of the operating organizations of the Aviation Section. This
new division was to unify and coordinate the several organizations
then rather loosely related in the program of aircraft procurement.
To this end a member of the Aircraft Production Board was com-
missioned and transferred to head the new establishment. Far from
unifying the organizations already in existence, however, creation
of the Equipment Division only increased the diversity of author-
ity: instead of passing into extinction the Aircraft Production
Board continued to operate with diminished functions. Finally, in
October 1917 Congress regularized the position of the Aircraft
Production Board by redesignating it the Aircraft Board and
giving it the power to advise the army and navy on matters of pro-
duction. While this board enjoyed a greater legal authorization
than its predecessor, the Congressional action had done little to
unify control of the program.

Without an effective organization for making decisions, produc-
tion of aircraft on a large scale failed to materialize. The promised
squadrons which were to bring the Allies unquestioned superiority
in the air were nowhere to be found. In fact, during the first three
months of 1918, production could scarcely be said to have begun,
let alone to have attained the goals established.

This shocking situation provoked a series of investigations, in-
cluding one by a Senate committee and another by agents of the
Department of Justice, which subjected the failures of the pro-
gram to widespread popular criticism and led to important reor-
ganizations.® A preliminary, half-measure reform in April which
grouped the aviation activities of the Signal Corps under a single,
semiautonomous head reporting to the Chief Signal Officer failed
to achieve effective unification of command. During the following
month President Wilson used the emergency powers granted him
under the Overman Act and authorized a completely new establish-
ment for aviation.

The President’s Executive Order of 20 May 1918 created two
separate organizations to carry out the wartime program. As an
initial step, the President removed the Signal Corps from all fur-

5. For an analysis of the several aircraft investigations, see J. A. Beck, “In-
vestigations,” and data compiled in preparation of study, Sept. 1919, NA, BAP
Hist. Box 8, 883.5 Investigations, General.
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ther participation in the aviation program.® In spite of the many
difficulties that had been encountered as a result of the lack of cen-
tralized control over the program President Wilson’s executive or-
der still did not unify production and operations under one head.
Apparently the tradition or practice of separate control over pro-
duction on the one hand and operations on the other proved too
strong to break down. In place of a centralized agency within the
War Department for all functions of aviation, the President
created two coequal agencies. The Division of Military Aeronautics
(DMA), under a military head, assumed responsibility for person-
nel, training, and requirements; the Bureau of Aircraft Produc-
tion (BAP), under a civilian head, dealt with the problems of
production.

The reorganization of May 1918 simplified the problem of
controlling the program for aviation, but simplification did not
mean solution. The opposing halves continued to find it difficult to
resolve their opposite interests until late in August 1918 when
President Wilson appointed the civilian head of BAP as a Second
Assistant Secretary of War and designated him Director of the
Air Service to supervise both BAP and DMA. Although this step
had an important bearing upon the postwar organization of the
air arm, it came too late to have any real unifying effect during the
war. The man chosen to fill the position, J. D. Ryan of Anaconda
Copper, spent the larger part of his incumbency traveling in
Europe to familiarize himself with the situation there. The Armi-
stice and the end of the war came before he could effect substantial
reorganizations.

Whatever savings in administrative overhead and elimination
of duplicate functions may have been accomplished by the re-
organizations of May, the creation of two mutually independent
bureaus did nothing to improve or simplify the problems involved
in the selection of aircraft. The new bureaus had no sooner been
established than conflicts oceurred over decisions on designs. The
directives of the new bureaus purposely left this point vague so
that the proper division of technical decisions might evolve from
experience.” After a year of war it would appear to have been

6. Report of Chief Signal Officer and Report of Bureau of Aircraft Production,
Annual Reports of the War Department, 1918, 1, 1075, 1407. See also AAF Historical
Study No. 25, “Organization of Military Aeronautics; 1907-1935,” p. 32, 1944, AAF
Archive.

7. Report of Director of Military Aeronautics, Annual Reports of the War De-
partment, 1918, 1, 1383.
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rather late to delay any further the determination of this most
critical policy of the whole program.

The War Department recognized that the problem of responsi-
bility for the selection of types of aircraft was of the utmost im-
portance. In fact, the annual report of the Director of Military
Aeronautics in 1918 singled out this question for special discus-
sion :

An early defect discovered in the reorganization developed
when there appeared to be inadequate liaison between the
Bureau of Aircraft Production and the Division of Mili-
tary Aeronautics. One was responsible for the production
of airplanes, the other for their operation and military effi-
ciency. The method of selecting a type to put into produc-
tion and the final decision whether any airplane produced
was suitable for its military purpose or not, was undeter-
mined. The situation of two sets of officials with equal au-
thority in their respective fields of action, neither responsi-
ble to the other, at once demonstrated that neither could be
held for the final production of an acceptable airplane for
the front.®

Not until six months after the United States entered the war did
an orderly method for authorizing changes in design appear man-
datory to the military officials, and when they finally recognized
this necessity, the need for a solution had become urgent. Remedial
action of a permanent character was imperative if manufacturers
in the United States were to avoid turning out obsolete aircraft
which were worse than useless at the front. A series of wrong de-
cisions about aircraft design might conceivably result in a loss of
superiority in the air sufficient to lose the war. Nonetheless, the
action taken was hasty, expedient, and haphazard at best. Existing
organizations, each established for other purposes, were turned to
tasks for which they were unsuited. Among the most important of
these organizations was the Joint Army-Navy Technical Board.

The board, established originally to make final decisions as to
types of aircraft and to coordinate the programs of the army and
the navy, was supposedly endowed with authority because it re-
ported directly to the two secretaries. But gradually it became ap-
parent that “authority” was no substitute for full information.
In August 1917 General Pershing had cabled from France that de-
cisions of the Joint Army-Navy Technical Board regarding types

8. Ibid., 1, 1385; spelling slightly altered to conform with present-day usage.
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of aircraft “should not be considered against our recommendation
as we believe that direct contact here is essential . . .” * Thus un-
dermined, the position of the Joint Army-Navy Technical Board
deteriorated steadily throughout the first half of 1918. The decline
resulted in part from want of information and in part from the
growth of other agencies better equipped to fulfill the decision-
making function. The activities of the board during June 1918
amply illustrate just how far these two factors had gone in under-
mining the agency.

When the Chief of the Air Service, AEF, demanded superior
aircraft in June 1918 to replace the unsatisfactory types being
produced in the United States, the board proposed to send an en-
gineering mission across the Atlantic for data on the designs sought
by the AEF.1° The Director of Military Aeronautics agreed to
this proposal, since the Air Service “obviously” would be “at a
great disadvantage” if required to fight with inferior aircraft. The
Secretary of War rejected this double plea, because, as he noted,
the Bureau of Aircraft Production appeared to have the problem
of making decisions on designs for aircraft well in hand.!* Officials
in charge of production, it would seem, were determining the types
of aircraft sent to the AEF. The board, supposedly empowered to
make final decisions, found its authority gone.

The most revealing indication of the decline of the Joint Army-
Navy Technical Board soon followed. Secretary of War Baker,
who a little over a year earlier had created the board in con Junction
with the Secretary of the Navy, now replied to a memorandum
from the Chief of Staff, “I do not know what the Joint Army-Navy
Technical . . . Board is . . .” 12 If the board had once held au-

9. Copy, Pershing cable No. 70, 1 August 1917, NA, BAP Hist, Box 20, 452.1
Bristol Aircraft. Pershing’s specific mention of the JANTB decisions belies the
stand of postwar authors who reduce the JANTB to an advisory organization.

10. Joint Army-Navy Technical Board to Secretary of War, 8 June 1918, AFCF,
334.7 Army-Navy Joint Boards. The alteration in function and decline in im-
portance suffered by the JANTB are shown in two postwar publications which re-
flect the board’s status at the war’s end and neglect its carlier role: The General
Staff, Plans Division Historical Branch, Monograph No. 8, 4 Handbook of Eco-
nomic Agencies of the War of 1917 (Washington, GPO, 1919), p. 19, gives the
JANTB stature “in advisory capacity only”; Willoughby, Government Organiza-
tion in War Time and After, p. 831, limits the JANTB even more seriously, errone-
ously reporting that it “never played any controlling part in the formulation or
execution of an aircraft program.” Sometimes JANTB is referred to as the Joint
Army-Navy Technical dircraft Board.

11. First ind. to correspondence in n. 10, above, Adjutant General’s Office to
JANTSB, 3 July 1918; see also Memo, Director of Military Aeronautics to Chief of
Staff, 20 June 1918, AFCF, 334.7 Army-Navy Joint Boards.

12. Secretary of War to Chief of Staff, 15 June 1918, AFCF, 334.7 Army-Navy
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thority because of its close contact with the secretaries, that prox-
imity now appeared to be somewhat diminished. In actual fact the
board had not so much lost authority as shifted its function.
Created to coordinate decisions on design for the army and navy,
the board had been pressed into an entirely different role. The tug
of war which made an authoritative reaching of decisions so neces-
sary was not between the army and the navy but rather between the
officials controlling production of aircraft as against the officials
controlling the use of aircraft in combat. While the officials govern-
ing production (BAP) strove to turn out aircraft in quantity,
those in charge of operations (DMA) were concerned with quality,
that is, aircraft equal or superior to those of the enemy.

Membership on the Joint Army-Navy Technical Board repre-
sented the army and navy rather than production and operations.
The ineffectiveness of this representation gradually dawned on the
officials who were hampered for want of authoritative decisions
on design. In one instance, the board had attempted to cancel pro-
duction of the three obsolescent models of aircraft which happened
to be precisely those upon which the BAP pinned most of its hopes
for record-breaking, large-scale manufacture. From the point of
view of the BAP, any decision to cut off production, even if in-
tended to prevent the manufacture of obsolete aircraft, was ap-
parently considered unthinkable. It was only by a “lucky chance,”
the Director of Production reported, that the board had been
deterred from recommending cancellation of the three models, and
by June 1918 he had come to believe that the BAP should have
representation on the board to “stop them putting through recom-
mendations having to do with production.” The language of this
comment reflected the attitude of a typical production-minded of-
ficial toward agencies making qualitative alterations which im-
paired quantitative results. Adding BAP representatives to the
board might not have stopped the changes in design to the extent
expected by the BAP officials, but officers representing production
as well as design certainly would man the board more effectively
for the task facing it than did the original army-navy membership.
Production-minded representatives finally joined the Joint Army-
Navy Technical Board during July 1918.

The discussions about the board during June and July led the
Director of Production to suggest that a control board be set up
immediately under the directors of DMA and BAP to unite the two

Joint Boards. The secretary called it “the Joint Army-Navy Technical Aircraft
Board.”
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halves.’® Just how such a board would be any more effective than
the reconstituted joint board he did not explain, but the suggestion
1s an indication of the trial-and-error approach government of-
ficials used in meeting problems of administrative organization
for producing aircraft. Equally revealing is the implication that
the differences pulling the DMA and BAP apart could be resolved
by officials representing the two groups. The emphasis seemed to
be on the status of the individuals suggested for membership or a
reliance upon personalities rather than upon the administrative
soundness of the system. Sometime before, the Assistant Director
of Military Aeronautics, Col. H. H. Arnold, had described the
members of the Joint Army-Navy Technical Board as “the only
practical, theoretical and analytical men in the Army and
Navy . . .” The members were, he said, men “especially qualified
to pass on all designs and types before they are put into produc-
tion.” 14 '

The reliance on “qualified” individuals which had prompted the
formation of the Bolling Mission still prevailed in the middle of
1918. Nevertheless, the futility of decisions made by boards not
constantly supplied with a stream of information was fast becom-
ing apparent. No matter how high ranking or well qualified mem-
bers of a board might be, if they lacked a flow of up-to-date in-
formation from the front as well as from industry their decisions
would run the risk of being sterile. That is what happened to the
Joint Army-Navy Board. By the time the war entered its final
month the board found itself superseded by better informed and
better organized agencies within the DMA and BAP. The mem-
bers voted to dissolve. The War Department rejected this move
in the expectation that the board would provide a useful adminis-
trative device for “joint consideration of aircraft matters in which
both . . . of the Services are interested.”” 15

The agencies of BAP and DMA which assumed the joint board’s
function of decision-making by reason of their greater effectiveness
had achieved this superiority over the JANTB only gropingly.
Soon after the reorganization, the authorities of the coequal DMA
and BAP, saw the dangers inherent in the uncertain nature of
their relationship which President Wilson’s executive order left

13. M. W. Kellogg to W. C. Potter, 13 June 1918, and JANTB to Secretary of
War, 24 July 1918, AFCF, 834.7 Army-Navy Joint Boards.

14. Memo, Asst. Director of Military Aeronautics to Director of Military Aero-
nautics, 20 July 1918, AFCF, 334.7 Army-Navy Joint Boards.

16. W. C. Potter to C. W. Nash, 3 Sept. 1918, and reply, 11 Sept. 1918, AFCF,
834.7 Army-Navy Joint Boards.
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undefined. Responsibility for results without authority to con-
trol the means could not fail to breed trouble, and this was borne
out in the conflict between the two organizations over the matter
of design changes. On the one hand, officers of the BAP, in their
anxiety to secure quantities of aircraft, had shown a tendency to
favor stabilization of design, for it was primarily the high rate of
change which prevented the United States from sending large
numbers of aircraft to Europe during the early months of 1918.
On the other hand, this unwillingness or inability of the authorities
controlling production to recognize how important it was to keep
the performance of the army’s aircraft superior to that of the
enemy by changes in design troubled the Director of Military
Aeronautics more than any other single problem. A bare six days
after the reorganization of May had gone into effect, Colonel
Arnold, as Assistant Director of Military Aeronautics, expressed
this fear when he complained that coordination of users (DMA)
and suppliers (BAP) was inadequate. He touched the core of the
problem in saying, “The Division of Military Aeronautics must
control the determination of the design of the equipment with
which it is to operate.” 16

To assign responsibility for design to the Division of Military
Aeronautics in a formal directive was all very well, but to try to
function in line with that directive was quite another matter. Each
model in production represented literally thousands of technical
features. Placing responsibility for design with DMA meant in
practice requiring its officials to decide among a series of possible
variations for each one of the critical features comprising a given
aircraft. Since the problem was unavoidably technical, solutions
were devised by the engineers who put aircraft into production
rather than by officials who encountered the aircraft as a finished
product. The experience of the industrial world was repeated in
the military establishment: technical decisions tended to gravitate
into the hands of the engineers actually working on the project re-
gardless of where responsibility was placed by directive.

During the months when the Equipment Division of the Signal
Corps was responsible for the development of aircraft, there had
been two agencies within the division concerned with design. The
Airplane Engineering Department held responsibility for develop-

16. Memo, Asst. Director of Military Aeronautics to Director of Military Aero-
nautics, 6 June 1918, quoted in AAF Historical Study No. 25, p. 85. See also dircraft
Production in the United States, Senate Report No. 555, 62 Cong. 2 Sess., 22 Aug.
1918, passim.
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ing “new and advanced models,” and the Production Engineering
Department was responsible for expediting production, prepar-
ing drawings, and putting into large-scale manufacture the de-
signs once they were perfected by the Airplane Engineering De-
partment.!” But the production engineers began to make changes
in design. At first the changes were minor ones introduced to speed
assembly, but they gradually became more and more important
until the Production Engineering Department had, in the eyes of
the chief of the Airplane Engineering Department, actually seized
“control of airplane design itself.” '® The incident is interesting,
because it shows how decisions on design tended to concentrate in
the hands of production engineers even where directives clearly
indicated the division of responsibility.

If the Equipment Division had had trouble in keeping decisions
on design out of the hands of production engineers within its own
organization, it is clear that the problem was even more difficult
for the authorities of the DMA who were coequal with but never-
theless entirely separate from the BAP. As long as the DMA tried
to reach decisions on the basis of the opinions which officers of its
Technical Section held regarding the designs submitted by the
BAP, the two agencies ran into many difficulties.'® Colonel Arnold’s
insistence, in the first week after the reorganization took place,
on the necessity of having the DMA control designs underlined his
recognition of the nature of the problem and the need for a defini-
tion of responsibilities. Still, a practical solution remained to be
found.

Under the reorganization of 20 May 1918 the problem of final
authority for decisions respecting designs narrowed down more or
less to the problem of defining the relationship of a few subordinate
agencies within the two major and coequal branches, agencies such
as the Technical Section (DMA) and the Engineering Section
(BAP). Representatives of the two organizations struggled all

17. Signal Corps, Equip. Div., General Memo No. 88, 18 March 1918, presented
as Exhibit A in “Organization and Operation of Bureau of Aircraft Production,”
2 Aug. 1918, NA, BAP Misc. Hist. Box 1, 026.4 BAP.

18. Interview with Lt. Col. V. E. Clark, cited by J. A. Beck, “Investigations,” pp.
232-5, Sept. 1919, NA, BAP Hist. Box 8, 333.5 Investigations, General, As head of
engineering Clark was certainly not entirely disinterested, of course, when he critized
production attempts to absorb design responsibility. See Capt. H. H. Blee, “History
of .. . Airplane Engineering Division . . . ,” 15 Aug. 1919, Wright Field Hist.
Office Files.

19. Some indication of the Technical Section’s conception of its responsibilities
at about this period can be gathered from an organization chart of DMA prepared
sometime before 27 July 1918, NA, OCAS Box 170, Charts, DMA.
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during the first half of July to arrive at some acceptable working
arrangement. By the middle of the month the two parties had
reached what they believed to be a satisfactory solution. The Tech-
nical Section (DMA) and the Engineering Section (BAP) were
located in one place physically, and the two organizations were
ordered to report through a single head. In a few days this plan
proved unworkable. Just as officers in the old Equipment Division
of the Signal Corps had learned, leaders of the DMA and BAP
discovered anew that merely placing the two conflicting agencies
under one head would not cure the functional troubles lying behind
the conflict.

Fortunately for the success of aircraft production this initial at-
tempt at cooperation and agreement was not without its benefits.
The same order which directed the Technical and Engineering
sections to report through a common head introduced two other
changes in the existing organization. First, it instructed the Direc-
tor of Military Aeronautics to establish a Testing Section which
would provide an objective basis for decisions on the designs de-
veloped by engineers of the BAP. Second, it established a central
information agency to provide both the BAP and the DMA with
information on which to base decisions.2® Thus, although the at-
tempted solution by means of joint operation failed, some progress
had been made with the establishment of the Information and
Testing sections to provide factual data upon which to base de-
cisions.

By the end of July 1918 it was possible for officials of the DMA
and the BAP to reach a much more effective agreement. They
scrapped the idea of a single head for the Technical and Engineer-
ing sections and instead worked out a careful division of functions.
Most significantly, they assigned to the Technical Section of DMA
the specific responsibility of preparing specifications for perform-
ance, that is, objectives toward which engineers of the BAP could
strive. The Technical Section, “as the direct representative of the
user,” was also empowered to establish the priorities for the devel-
opment of new types and alteration of existing models. The DMA
was to send technical representatives to tactical units to gather
“first-hand information” at the front. Similarly, the new agree-
ment authorized the transfer of some technically competent in-
dividuals to the recently formed Information Section to ensure a

20. Memo, W. C. Potter and Maj. Gen. W. L. Kenly to Chief of Staff, 16 July 1918,
NA, BAP Exec. Box 81, 402.1 Technical Data.
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continual flow of technical and tactical data from the operating
units. Officials of the DMA and BAP conferring together were to
make the decisions to begin manufacturing any given aircraft
model, but the Technical Section retained the power of veto over
changes in production.?!

In short, the new agreement amounted to nothing more than an
effort to provide the DMA with agencies and procedures to carry
out a responsibility that had long since been-assigned, on paper
at least, to the Director of Military Aeronautics. Its real signifi-
cance was twofold. In the first place, by assigning responsibility
to the Technical Section for the preparation of performance speci-
fications it was possible to escape from the futile attempt to evalu-
ate designs on the basis of opinion. Specifications drawn up in ad-
vance by the DMA provided a yardstick by which officers in the
DMA could measure with comparative objectivity the designs and,
ultimately, the aircraft produced by the BAP in response to those
specifications. Interestingly enough, this decision to measure actual
performance against specifications by a proof test was a reversion
to the practice begun as far back as 1914 in the first competition
held in the United States to procure military aircraft. In the
second place, the plan establishing an organization to secure a
continuing flow of technical and tactical information from the
fighting front marked a decided swing away from earlier reliance
on “qualified” individuals with “experience” supposedly sufficient
to be used as a basis for making technical decisions.

The end of the war came so soon after the new agreement between
DMA and BAP that one cannot really pass final judgment on the
success or failure of the arrangement. Nevertheless, changes in or-
ganization thereafter were few in number and limited in scope; this
may be some indication of success in the newly devised functional
assignments.?? After months of trial and error the successive au-
thorities responsible for tactical aircraft had at last hammered out
an apparently effective organization for making decisions. The
essential novelty of that organization lay in basing decisions upon

21. Draft of BAP-DMA agreement, Memo, Col. T. H. Bane to Chief of Staff, 1
Aug. 1918, NA, BAP Exec. Box 81, 402.1 Technical Data. See also Copy of agree-
ment sent to Chief of Staff, 1 Aug. 1918, signed by Maj. Gen. W. L. Kenly, Director
of Military Aeronautics; Col. H. H. Arnold, Asst. DMA; J. D. Ryan, Director of
Aireraft Production; and W. C. Potter, Asst. Director of Aircraft Production, NA,
BAP, Exec. Box 6, 026.4 Scientific Research Department.

22. As evidence of the relatively stable organization after 1 Aug. 1918, see, for
example, “Organization Outline of Division of Military Aeronautics,” 20 Sept. 1918,
AAF Archive, M1063-1.
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information rather than upon opinion ; and gathering information,
whether tactical or technical, required organization as much as
did decision-making.

Before turning to the problem of organization for information,
it may be of some value to consider British experience in developing
air materiel as a basis for comparison with the achievement of the
United States.?® A full year passed from the time the Bolling Mis-
sion sent its famous report to the date of the working agreement
between the Bureau of Aircraft Production and the Division of
Military Aeronautics. During that year the program for aviation
floundered ineffectively, production lagged, and only a trickle of
aircraft reached the fighting front, thereby delaying victory and
sharply curbing the pace of doctrinal evolution. It may well be that
the year of trial and error was unavoidable. It may also be argued
that the time so spent was less than half the time spent by the Brit-
ish in securing the same results. The British had already struggled
through nearly two and a half years of organizational chaos before
achieving an effective administrative mechanism. Here was an ob-
vious invitation to study British methods if not to emulate them.

Military attachés filed routine reports on the various agencies
dealing with aviation in the United Kingdom, and there were in-
terested observers who returned an occasional comment on the
workings of the British system for translating ideas into weapons.
Nevertheless, few if any of these reports and comments seem to have
been given serious analysis in the United States.?* Organizations
for solving problems of air materiel in this country merely grew;
they were not planned in any long-range sense of that word.

By the middle of 1917 the British organization for aviation had
been forged by the necessities of war to the point where its func-
tions and grouping of functions could be studied with profit. Brit-
ish authorities had come to realize the importance and the relation-
ship of organization for information and organization for decision.
Of course, the precise form of any single agency could scarcely
be copied exactly since each evolved to suit the peculiarities in the
administrative structure of the kingdom. Earlier in the same year

23. J. M. Spaight, The Beginnings of Organized Air Power (London, Longmans,
Green, 1927), gives a comparative view of French, German, British, and U.S. air
organization. Although based almost entirely on secondary sources and rather
sketchy, this study presents one of the few comparative analyses available.

24. A careful search of BAP Executive Office files and DMA files in the National
Archives failed to reveal more than the most superficial interest in British organiza-
tion and procedures. The whole field of organizational planning and management
control in the United States was in its infancy during the period under discussion.
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the British War Cabinet had reshuffled the Air Board to include
representatives from the air arms of the army and navy as well
as from the ministries for munitions. Here, within a single board
directly responsible to the powerful War Cabinet, aerial doctrine,
materiel, and programs of production were brought into balance.
The Air Board formulated over-all air policy, doctrine, and objec-
tives, then considered the detailed programs submitted by the War
Office and Admiralty after their respective aerial policies had been
“concerted with” the board itself. Above all, the Air Board was
concerned with “selecting and being responsible for” designs for
aircraft, engines, and accessories. In short, the Air Board was the
sole agency for critical decision. No comparable agency existed for
aviation in the United States throughout the period of World
War 1.

The British Air Board did not depend upon “qualified” and
“experienced” individuals for its decisions as did the Joint Army-
Navy Technical Board in the United States. To support the func-
tion of decision-making by the Air Board, there were a number of
subsidiary offices including an administrative Secretariat, a Direc-
tor of Requisitions and Statistics, an Inventions Committee, a Cen-
tral Air-Intelligence Division, and a Technical Department staffed
with technically proficient officers of both army and navy assigned
to carry out proof testing, to keep in touch with scientific advances,
and to advise the Air Board about decisions on design.?® The Brit-
ish had succeeded in concentrating in a single high and powerful
echelon the formulation of aerial doctrine and the selection of air-
craft to implement that doctrine. The British system relied not
upon omniscient individuals but upon an organization supplying
facts.

When Colonel Bolling reached Europe the British Air Board
constituted a body of experience, at once organizational and pro-
cedural, which might well have served as an example to save the
United States a year of frustration and a generation of dispute.
The opportunity went unexploited, and the early gropings of the
British were repeated on this side of the Atlantic.

25. Discussion of Air Board based largely on photostat copy of British air arm
administrative manual, ca. Dec. 1917. Changes in organizational nomenclature ap-
peared with the formation of the RAF, but functional groupings remained sub-
stantially the same. In this regard, see Capt. R. S. Rainsford to Exec. DMA, 24
July 1918, NA, BAP Exec. Box 6, 026.4 A.S., AEF. See, for general discussion,
C. G. Grey, 4 History of the Air Ministry (London, G. Allen and Unwin, 1940),
chaps. iii-vi; W. A. Raleigh, The War in the Air (Oxford, Clarendon Press, 1922),

Vol. I passim; and H. A. Jones, The War in the 4ir (5 vols., 2-6; Oxford, Clarendon
Press, 1928-87), Vol. 3, chap. iv, Vol. 6, chap. i.



Chapter V. Organization for Information

To UNDERSTAND JUST how the organization for securing informa-
tion evolved it will be necessary to retrace a few steps and refer
to the period just after the Bolling Mission’s formal report of
July 1917. At that time those with authority over the program
for aviation only dimly and imperfectly perceived that the pace
of changes in design of aircraft at the front required an organiza-
tion supplying a constant flow of technical and tactical informa-
tion as well as an organization to make effective decisions based on
that information.

The gradual evolution of official opinion regarding the problem
of exchange of information is reflected in the mechanisms set
up to secure that end. The Bolling Mission, essentially a single-
purpose and ad hoc agency, was ill equipped to perform a continu-
ing function. It suffered from limitations and deficiencies essen-
tially the same as those of the parties of foreign officers initially
sent to the United States. This exchange of missions, which took
place in the months following April 1917, failed to establish an
effective two-way flow of technical information between the United
States and the Allies. But in one respect there was accomplish-
ment. Early reliance upon supposedly omniscient individuals in
permanent missions gave way to a concept of revolving assignments
in which members of a mission were periodically replaced by of-
ficers from the front “with the latest experience.” * The realization
that experienced individuals, no matter how well traveled and

1. For a specific example of an official expression of policy on utilization of “ex-
perienced” officers late in the war, see Report of Chief Signal Officer, Annual Re-
ports of the War Department, 1918, 1, 1074. That the whole problem of information
as an essential factor in military planning and operations had been seriously neg-
lected by the War Department in general and not just with reference to the avia-
tion program is indicated by P. C. March in The Nation at War (Garden City,
Doubleday, Doran, 1932), p. 226. On becoming Chief of Staff, March found Military
Intelligence a “minor appendage” in the General Staff War Plans Division. In
April 1917 there were two officers and two clerks assigned to Intelligence. By the
end of the war, there were 282 officers, 29 enlisted men, and 948 civilians. Throughout

this chapter and the study as a whole, the term “information” has been used rather
than “intelligence” as being less endowed with special connotations.
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trained, were never a satisfactory substitute for a continuing flow
of information from many sources was to penetrate official circles
only slowly and incompletely throughout the war.

The Balfour Mission to Washington, including the original
group of British officers sent to the United States in 1917, was,
like the Bolling Mission, unprepared to operate on a permanent
basis. Nevertheless, by the end of September 1917 the British
mission had expanded, notably in creating a technical branch for
the express purpose of handling interchanges of information.?
The British, with some three years of wartime experience behind
them, delayed approximately six months before establishing an
effective organization to carry out this function in the United
States.

In France Maj. E. S. Gorrell, one of the army representatives
left behind when the Bolling Mission broke up, recognized the im-
portance of organization for information by the time he had been
abroad four months. It was logical that Major Gorrell should be-
come interested in the problem as early as he did. Not only was
he an aeronautical engineer, aware of the influence upon design
of changing tactical requirements at the front, but as a member
of the Bolling Mission he had also been in an exceptional position
to see the important relationships of aerial doctrine, tactical ap-
plication, change in design, and achievements in production. Dur-
ing the summer of 1917 Major Gorrell established a Technical
Section in the Air Service, AEF, to carry on the functions initially
performed by the Bolling Mission.? The plan was probably sound,
but it proved difficult to carry out. During August 1917, because
of the acute shortage of personnel in the advance party of the
AEF, the Technical Section consisted of but one officer, Gorrell
himself. No one appreciated the ineffectiveness of such an under-
staffed organization more than Major Gorrell who was at the same
time serving as a member of the General Purchasing Board, an
examining board, and a supply department. In addition, he was
designated aviation officer on the Line of Communication, AEF.
This staggering burden induced the major to write privately, and
out of channels, to a friend on the staff in Washington begging for
a stronger agency for liaison. A large staff was essential, he con-
tended, because one had to go out and press Allied agencies for

2. R. M. McFarland, “British War Mission to the United States,” 21 July 1919,
NA, BAP Hist. Box 10, 336.91 British War Mission.

8. Final Report of Chief, Air Service, AEF, draft copy, chap. xii, p. 101, 1919,
NA, WWI Orgn. Records, A.S. Hist. Records Box 1.
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information rather than wait for gratuitous releases. To fail in
this function, the major implied, was to allow the United States
to waste precious time in developing technical equipment long since
perfected by the Allies.*

Major Gorrell’s comments are revealing. They show that he saw
the need for a system of information in place of a roving mission
even before Bolling’s group had ceased to operate. Moreover, they
suggest that Gorrell had an early insight into the importance of
aggressive rather than passive information-gathering. Experience
was to show how slowly this idea gained headway in aviation circles.
Despite the example of the British mission in Washington and
Gorrell’s Technical Section of the Air Service, AEF, aviation
authorities in the United States continued to place their reliance
upon individuals and missions rather than upon organizations as
a source of data.

The Waldon Mission was a typical result of the policy which
relied on roving groups for technical information. During Novem-
ber 1917 Col. S. D. Waldon, who had come into the aviation pro-
gram as an expert on production by way of the NACA, was sent
to France to transact some business regarding the facilities to be
provided by the Allies for manufacturing aircraft. In addition to
this assignment, the colonel was instructed to gather information
on developments in aircraft, especially German types.® It seems
not to have occurred to the authorities assigning Colonel Waldon
to his task that information gathered by an individual as a second-
ary function during a hurried visit must almost necessarily consist
of subjective opinion based on evidence casually and haphazardly
acquired.

Colonel Waldon’s trip to France brought to light one of the
factors which contributed to the protracted delays in the develop-
ment of designs in the United States. The colonel discovered that
all cabled messages to Washington passed through a single wire
office at AEF headquarters which constituted a serious bottleneck.

4. Copy, Maj. E. S. Gorrell to Maj. [W. L.] Souther (initials uncertain), 4 Sept.
1917, NA, BAP Hist. Box 10, 334.8 Bolling Mission.

5. Two draft studies, one by Capt. J. L. Ingoldsby and the other by R. M. McFar-
land, both entitled “History of Waldon Mission,” the latter version dated 30 Oct.
1919, constitute the basis for this paragraph. NA, BAP Hist. Box 10, 334.8 Waldon
Mission. See also, Photostat of signed copy, “Final Report of Special Mission Over-
seas, Bureau of Aircraft Production,” 1 Nov. 1918, hereafter cited as Lockhart Re-
port. This copy bears marginal criticisms by Col. E. S. Gorrell, written 19 Aug. 1919,
questioning the validity of superficial joy-riding missions: “In the next war,” wrote
Gorrell, “avoid missions of this kind.” NA, BAP Hist. Box 10, 334.8 Lockhart Mis-
sion.
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It required an average of three to five days to clear a message
through this cable system, and on occasion letters sent by steamer
reached Washington before messages sent by wire.® Cable jams
were not the only cause of difficulty in transmitting technical in-
formation from the front. When Colonel Bolling had first sailed
for Europe, his broad credentials gave the mission a quasi-diplo-
matic standing. This status, along with the presence of the colonel’s
brother-in-law William Phillips, who occupied a post in Washing-
ton as Assistant Secretary of State, gave support to Bolling’s use
of the State Department’s transatlantic line in reporting some of
the mission’s findings to Washington. Cables sent through diplo-
matic channels were apparently not cleared with GHQ, AEF, and
the possibility of contradictory reports reaching the United States
was greatly increased.” Any attempt to evaluate the feasibility of
personal missions to the front as a source of information must take
into account the multiplicity of channels and crowded wires, not
to mention the confusions attending garbled language in cabled
messages, which impaired the flow of data from Europe to the
United States. During the summer and fall of 1917 all these factors
must have encouraged the practice of relying upon individual mis-
sions for data about designs.

Instructions drafted for a subsequent trip by Waldon reflect
the prevailing attitude in Washington. They directed the colonel
to inform the Chief of the Air Service in the Zone of Advance of
the “grave necessity”’ for having officers traveling continually back
and forth every 80 or 60 days to bring a “personal point of view”
to Washington. Personal impressions of the front were important
to these confined to Washington offices, but personal impressions
were here used in lieu of rather than as a supplement to detailed
technical information compiled systematically from a large num-
ber of sources. While the importance of Colonel Waldon’s “per-
sonal point of view” cannot be denied, it was manifestly impos-
sible for him to carry out his assigned task. This wholesale order
involving thousands of details included securing “the latest in-
formation on planes, engines, and equipment.” The colonel’s direc-

6. Transcript of testimony by Col. S. D. Waldon before special meeting of the
Aircraft Board, 8 Feb. 1918, NA, BAP Exec. Box 65, 334.8 Aircraft Board.

7. Testimony of Maj. B. D. Foulois, War Expenditures, House Hearings, 66
Cong. 1 Sess., Serial 2, Pt. 6, 6 Aug. 1919, pp. 393-4. Even a casual reading of AEF
cables pertaining to aviation on file in the National Archives reveals the difficulties
encountered because of poor communications. Decoding or transmission errors are
frequent, and messages are occasionally in such cryptic cablese as to defy compre-

hension. Marginal queries and requests for repeats indicate that the recipients in
1917 and 1918 suffered the same confusion as a contemporary reader.
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tive assigned him functions sufficient to busy a whole staff of
technical experts.

In addition to his other duties, Colonel Waldon was to find out
how the Technical Section, AEF, was organized and what methods
the section employed in securing technical data.® These instruc-
tions indicate that as late as May 1918 aviation officials of the
Signal Corps in Washington were ignorant of the structure and
operation of the Technical Section, AEF. Nor were they utilizing
its services fully ; technical data was not reaching the United States
in the quantity or at the speed desired. Nevertheless, while mak-
ing only the most perfunctory efforts to improve the organizational
channels of liaison, the authorities in Washington continued to
rely upon the services of messengers or missions.

In April 1918 André Tardieu, French High Commissioner to
the United States, suggested to the Secretary of War that it might
be possible to save three months in the time spent planning for
production of the SPAD fighter aircraft by sending a mission to
study French industrial techniques for that particular type.? One
month Jater the head of the mission detailed to secure the informa-
tion proposed by the French commissioner received his instruc-
tions. After a further delay of two weeks still another set of in-
structions was drafted for a more qualified engineer appointed to
replace the original head of the mission. Thus at least half the time
supposed to be saved by sending a mission was lost even before the
mission departed for France. Yet in spite of the administrative
delays encountered in setting up the cumbersome machinery of a
mission, the directive presented to the chief of the group enjoined
him to work with all possible speed : “The important thing that you
must keep in mind is that we want the very latest and most up-to-
date design . . . We want to put this design into quantity pro-
duction in this country at the earliest possible moment.” The
author of this directive added, almost as an afterthought, that the
desired information could be secured either personally or through
the Technical Section, AEF, whichever seemed best.

The instructions for the chief of the SPAD mission reflect
something of the lack of clearly defined policy regarding the selec-

8. Lt. Col. L. S. Horner, Exec. Dept., Equip. Div., to Col. S. D. Waldon, 20 May
1918, NA, BAP Hist. Box 10, 334.8 Waldon Mission. For pertinent comment on the
importance of “bulk” information over individual “critical” items, see G. S. Pettee,
The Future of American Secret Intelligence (Washington, Infantry Journal Press,
1946), pp. 34-7.

9. André Tardieu to Secretary of War, 18 April 1918, NA, BAP Exec. Box 64,
834.8 Bechereau Mission.
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tion of designs for aircraft which still prevailed in the early spring
of 1918. Although the mission had originally been proposed as a
means of transporting skills and techniques in production from
France to the United States, the instructions as finally drafted
made the group responsible for securing information about pro-
duction and data on performance, including “the opinions of Air
Service test pilots.” 1 Moreover, implicit in the instructions was
the assumption that the mission would reach decisions as to types
of aircraft. Like the previous Bolling Mission, the SPAD mission
was given a variety of tasks with a vague area of implied powers
to make decisions upon the matter of design. Here in its simplest
form was the classic contest between production and operations
as discussed in the preceding chapter. The SPAD mission repre-
sented the point of view of production. The aviation officers of the
AEF who were responsible for the use of aircraft in operations
against the enemy were little inclined to allow the critical decisions
of design to be made by representatives of production in the United
States. Therefore, the Chief of the Air Service, AEF, formed a
board to do the same thing.

On the day that Tardieu proposed the SPAD mission to Sec-
retary Baker in Washington, Brig. Gen. B. D. Foulois appointed
a board of AEF officers in Paris “to investigate and report upon
all new types of airplanes and engines . . . being considered by
the French and English . . .” The board spent five weeks study-
ing aircraft in England and France, then submitted a report.
Looking back on the event after the war, the president of the board
was inclined to blame the liaison “mess” on the authorities in
Washington.!! Nevertheless, the existence of a special body to
secure information on designs reveals a confusion of functions
within the AEF itself, where a Technical Section already existed
to execute tasks similar to those assigned to the board. If the board
had been assigned the specific task of reaching decisions on the
basis of data compiled by the Technical Section there would have
been no duplication of function, but the board’s directive did not
so limit its scope. The liaison “mess” was universal throughout all
echelons at the battlefront as well as on the home front.

10. Mission Instructions to Captain Page, 15 May 1918, and to A. V. Verville, 28
May 1918, NA, BAP Exec. Box 64, 334.8 Bechereau Mission.

11. “Formulation and Distribution of Programs,” Sept. 1919, NA, BAP Hist.
Box 9, 834.8 Overseas Missions; and notes on conversation with Col. T. F. Dodd by
R. M. McFarland, 8 April 1919, NA, BAP Hist. Box 20, 452.1 Airplanes, General.
For caustic comments on Pershing’s aircraft boards, see March, Nation at War, pp.
283—4.
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After the Bureau of Aircraft Production (BAP) and the Divi-
sion of Military Aeronautics (DMA) had reached their working
agreement during the summer of 1918, the chief of production
J. D. Ryan wrote to General Pershing in France explaining the
situation as he saw it. He noted that President Wilson’s executive
order of May 1918 had, broadly speaking, assigned all operational
functions to the DMA and all functions of supply to the BAP
in the United States. On the other hand, in France both operations
and supply fell within the province of the Chief of the Air Service
who was, so Ryan believed, more concerned with the military use
of aircraft than with supply.

With General Pershing’s approval, Ryan therefore directed
Col. P. L. Spaulding to establish an agency in France to supply
the BAP with “continuous information” concerning types and
numbers of aircraft needed and to secure reports on performance
achieved by models already in the field. In addition, the new agency
was to keep in close touch with the progress of research in Europe
and in the United Kingdom in order to provide information for the
National Research Council in the United States. To carry out
these many duties Colonel Spaulding was given an empire builder’s
dream, a free hand in requisitioning personnel and equipment to
organize an office.

Spaulding’s directive is noteworthy for several reasons. For one
thing, it proposed the establishment of an organization rather than
a temporary mission. This arrangement indicated a better appre-
ciation of the problem of information than there had been hitherto.
The whole concept of the plan to send “continuous information”
marked a substantial step beyond the thinking embodied in direc-
tives to previous missions. On the negative side, Spaulding’s direc-
tive ignored the question of channels for routing information back
to the United States. Moreover, it failed to instruct the new agency
to coordinate its activities with existing agencies for processing
information, such as the Technical Section of the AEF.12

At about the same time that Colonel Spaulding was busy estab-
lishing his information-gathering organization, another mission
from the BAP was operating in Europe. In response to a request
from the AEF, the Assistant Director of Aircraft Production au-
thorized a mission to France under the leadership of a dollar-a-

12. R. M. McFarland, “History of P. L. Spaulding’s Mission Overseas,” 4 Nov.
1919, NA, BAP Hist. Box 10, 334.8 Spaulding Mission. For an insight into the BAP
idea of the Spaulding project, see Lt. Col. L. S. Horner to Brig. Gen. M. M. Patrick,

Chief, Air Service, AEF, 22 July 1918, NA, BAP Exec. Box 81, 402.1 Technical
Data.
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year expert on production, Henry Lockhart. The directive for the
Lockhart Mission was reminiscent of Colonel Bolling’s instructions.
Despite the months which had passed and the experience which had
been encountered in dealing with numerous missions overseas,
Lockhart’s directive assigned duties sufficient for a regiment.

The mission was expected to obtain from the Allies information
on their requirements in types of aircraft for a two-year period.
In addition to that patently impossible task, the mission was to
study industrial methods, discuss aviation matters with foreign air
ministers, review the status of foreign experimental work, and in-
terview officers at the front to gather information as to perform-
ance of aircraft in combat. Even more surprising than the variety
of functions assigned to the mission was the extent to which it
received authority to participate in decisions on design. Lockhart
was specifically instructed to “come to a definite understanding
with the Commander of our Air Forces as to which types should be
produced . . 13

Among the many functions assigned by Lockhart’s directive,
perhaps none was so significant as the instructions to establish a
bureau of information for regular and constant liaison between
France and the United States. Apparently there had been no co-
ordination within the BAP in drafting instructions successively
for the Lockhart and Spaulding missions. Something of the motives
which led the BAP to spawn information agencies as it did can be
detected in Lockhart’s final report. There existed among the Euro-
pean experts on aviation, the mission found, “an extreme diversity
of opinion” as to the relative merits of the different types of air-
craft along the front. Far from reaching any clear and final de-
cisions as to types, the mission discovered that it was all but im-
possible to get any two pilots or even two engineers to agree fully
upon types of aircraft for production.

Back in the United States officials of the BAP who were re-
sponsible for production in quantity were frantic for authoritative
information upon which they could plan with assurance. Each mis-
sion they sent to Europe labored, apparently, in the forlorn hope
that it could secure that vital information. Like all the others
the Lockhart Mission brought recommendations for better methods
of handling information rather than conclusive information it-
self. The realization dawned only very gradually in aviation circles
that there would never be any conclusive information on designs

18. Lockhart Report, 1 Nov. 1918, and R. M. McFarland, “History of Lockhart
Mission,” 30 Oct. 1919, NA, BAP Hist. Box 10, 334.8 Lockhart Mission.
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for aircraft. The design of air weapons was in constant flux, and
only a continuous flow of information, both tactical and technical,
could keep the Air Service, AEF, superior to the enemy.

Colonel Spaulding’s service duplicated the work of existing
agencies and curtailed, to a certain extent, the substantial begin-
nings already made in establishing formal liaison with the air
ministries and technical sections of the several Allies. The absorp-
tion of liaison functions by the new agency would not in itself
have been a negative step, but after confusing the pattern of
information agencies and impairing their effectiveness Colonel
Spaulding was abruptly ordered to Washington. The information
channel which he had begun to organize dried up, and the BAP
was about as frantic for information as it had ever been.*

The Lockhart report, completed on the first of November 1918,
came too late to have any real influence upon the war in progress.
In the confusion attending the closing days of the war it is unlikely
that the report received much attention, although it contained a
comparatively advanced appreciation of the problem. Lockhart
specifically recommended that a permanent organization to collect
information be established in Europe and that all future repre-
sentatives and missions sent to Europe from the various agencies
in the United States be routed through this permanent organiza-
tion. In making detailed suggestions regarding the composition of
the new office, the Lockhart report differed significantly from the
reports of previous missions. Lockhart believed that the new office
should have a formal table of organization with branches properly
staffed to perform the function of liaison with European agencies
for science and research, engineering, production, and inspection.1®
In addition, he favored a staff of trained specialists operating in
functional units. There was implicit in this proposal the concept
of information as a commodity to be handled in the same manner
as any other commodity, objectively and systematically.

Officials of the BAP continued to send repeated missions to
Francelong after the Technical Section, AEF, had been organized.
Their faith in missions suggests either a lack of confidence in the
work of the Technical Section or a failure to receive the informa-
tion required. Probably both factors were present. Compared to
the poorly staffed missions of the BAP, the Technical Section,
AEF, was well provided with personnel, although when it had been
established during the summer of 1917 it had consisted of a single

14. Lockhart Report.
15. Lockhart Report.
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overworked officer who enlarged the staff by hiring some citizens
of the United States who happened to be in Paris at the time. By
November 1917 the Technical Section had a staff of 50, includ-
ing 19 officers, and in November of the following year there were
457 employees in the section including 126 officers. The structure
of the Technical Section expanded with its increasing personnel,
and as early as November 1917, a full year before the Lockhart
report appeared, there were already eight separate functional divi-
sions, with specialists in aircraft, instruments and equipment,
armament, engines, photography, meteorology, information and
statistics, as well as miscellaneous mechanical problems. Neverthe-
less, it was not until the final months of the war that the Technical
Section added a History and Research Division to gather tactical
information to help designers improve aircraft. It may be recalled
that the Civil War was ending before the Ordnance Department
recognized the importance of this kind of information for develop-
ing weapons ; the Air Service repeated the pattern and appreciated
this need only at the end of World War 1.

A member of the staff summed up the functions of the Technical
Section at the time of the Armistice in a single sentence: “to im-
prove the over-all efficiency of the Air Service, AEF, by making
recommendations regarding the best designs for aircraft and equip-
ment.” Specifically, the section was to conduct studies of all Al-
lied and other equipment as well as all patents and inventions in
order to submit reports recommending decisions on technical ques-
tions to the Chief of the Air Service. Some conception of the re-
sponsibilities held by the section (or believed by its personnel to
be so held) is indicated by its directive that all aviation materiel
be “approved by the Technical Section before being officially
adopted.” ¢ It is noteworthy that the list of duties for the Tech-
nical Section compiled by its staff at the end of the war did not
include any mention of responsibility for sending information to
the United States, even though the Chief of the Air Service con-
sidered that to be one of the agency’s primary responsibilities.

The Technical Section, AEF, was well equipped to gather in-

16. “Progress of Air Service Activities as of 11 Nov. 1918,” A.S. Exec. Sect., 30
Nov. 1918, National War College Library, UG576.3; and Final Report of Chief, Air
Service, AEF, draft copy, chap. xii, pp. 101-7, 1919, NA, WWI Orgn. Records, A.S.
Hist. Records Box 1. See also A.S., AEF, Memo No. 75, 7 Oct. 1918, quoted in H. A.
Toulmin Jr., dir Service, American Ezpeditionary Force, 1918 (New York, D. Van
Nostrand, 1927), pp. 807-8. Toulmin (p. 310) gives an organization chart, without
authenticating signature, in which the Technical Section in the U.S.A., is shown as
a branch of the Technical Section, AEF.
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formation. In addition to its specialized engineers, the section
maintained a subbranch for liaison with London as well as liaison
officers in the technical section of the French air arm and a single
liaison officer in Italy. There was of course a considerable difference
between having the machinery for liaison and actually making it
work. All the available evidence suggests that most of the members
of the staff in the Technical Section were occupied in testing air-
craft and equipment before preparing decisions for the Chief of
the Air Service. The mechanics of gathering and sending informa-
tion to the United States were given comparatively little attention,
and only belatedly was an organization, the Technical Data Divi-
sion, set up within the section to process information.

The Technical Section stumbled over the mechanics of handling
information. The section was adequately staffed, and the func-
tional structure of the organization prevented decisions on engi-
neering from being thrust upon unqualified personnel as was the
case in small, short-lived missions. But the emphasis on making
decisions led the Technical Section to neglect or slight its re-
sponsibilities for processing information. It was confronted with a
multitude of immediate and pressing problems of a technical
character which it solved expediently. There was little time and
probably equally little inclination to establish a careful system of
reporting throughout the facilities of the section, which included
offices in Paris and in the testing center at Orly airfield as well as
the previously mentioned branch offices and liaison officers. Ques-
tions arising in the Zone of Advance were acted upon by repre-
sentatives of the Technical Section who traveled back and forth
between Paris, the front, and the other installations of the organi-
zation.!?

Individual officers moving to and fro were a poor substitute for
a system which required objective reporting and scientific or statis-

17. Final Report of Chief, Air Service, AEF, draft copy, pp. 101-7, 1919, NA,
WWI Orgn. Records, A.S. Hist. Records Box 1. For an indication of the liaison
organization planned for the AEF in the United Kingdom, France, and Italy, see
Copy of unsigned memo, Asst. Chief of Staff for the Adjutant General, 22 July 1918,
NA, BAP Exec. Box 81, 402.1 Technical Data. See also Toulmin, Air Service, Ameri-
can Expeditionary Force, who emphasizes the lack of leadership and effective staff
coordination which made “practically a complete failure” of the Air Service, AEF,
until the appointment of Brig. Gen. M. M. Patrick, an officer from the Corps of
Engineers, as chief in May 1918 (pp. 74-5). The Technical Section’s role in making
decisions for the Air Service chief, as contrasted with the role of disseminating in-
formation, takes on particular importance when one realizes that as late as June 1918
all technical decisions regarding modifications in aircraft were sent all the way up

for the chief’s approval for want of an adequate subordinate agency to take care of
the matter. See ibid., pp. 87-8.



ORGANIZATION FOR INFORMATION 93

tical techniques for fact gathering. During the last few months
of the war the Technical Section finally did create a system for
statistical reporting up and down the front, but the data so ac-
quired was sadly limited in scope.'® The difficulty encountered in
“educating” the many agencies concerned with the aviation pro-
gram in the importance of using the channels of information estab-
lished by the Technical Section was more serious. Whether it was
the agencies with their constantly changing personnel which caused
the trouble or the failure of the section itself to take sufficiently
aggressive action one cannot say. In any event at no time during
the war did information flow smoothly and continuously from the
Technical Section, AEF, to the several agencies which required
tactical and technical information in the United States.

Soon after Major Gorrell created the Technical Section, AEF,
it was discovered that agencies in the United States such as the
NACA and the Aircraft Board were requesting information di-
rectly from French officials who had in many instances already
provided identical data to the Technical Section. Duplicate re-
quests of this nature naturally irked the French authorities and
gave substance to Lloyd George’s subsequent scathing comments
on the capabilities of organizers in the United States.!® Aviation
officers in Europe were inclined to blame the failures of the system
of liaison upon the “absolute lack of support” received from Wash-
ington. There was some justice to this contention. It was not so
much a matter of official unwillingness to be cooperative as it was
a general lack of understanding by those in the ever-changing or-
ganizations in the United States of the proper channels and agen-
cies with which to deal.2® A single instance will illustrate the prob-
lem adequately. As late as June 1918 the BAP executive office
found it necessary to point out to members of the staff that the
office of the Technical Section in London was a subbranch of the
Technical Section, AEF, in France and all dealings with the Lon-

18. After June 1918 statistical reports were regularly compiled on such details
as flying hours, aircraft available, wastage, personnel strength, spares, etc. See
“Progress Reports of Air Service Activities, AEF,” A.S. Exec. Sect., 1918, National
War College Library, UG576.3.

19. Extract from letter by Lt. Col. E. S. Gorrell, 29 Oct. 1917, NA, BAP Exec.
Box 81, 402.1 Technical Data; and David Lloyd George, War Memoirs (6 vols.;
Boston, Little, Brown, 1933-37), 5, 451: “It is one of the inexplicable paradoxes of
history, that the greatest machine-producing nation on earth failed to turn out the
mechanism of war after 18 months of sweating and toiling and hustling. The men
placed in charge of the organization of the country for this purpose all seemed to
hustle each other—but never the job.”

20. S. G. H. (author otherwise unidentified) to Henry Lockhart, 16 May 1918,
NA, BAP Exec. Box 81, 402.1 Technical Data.
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don office should be routed through Paris.2? One need not at-
tempt to weigh the pros and cons of the procedure itself, but the
evidence shows that months after the Technical Section, AEF, had
been established as an operating agency officials in the United
States, whose activities required almost daily cooperation with the
section, apparently remained ill informed as to its organizational
structure and operating procedures.

Had the Technical Section, AEF, devoted more time and en-
ergy to “educating” officials in Washington, this difficulty might
have been alleviated but not necessarily resolved. An all-embracing
solution to the problem of liaison probably lay beyond the scope
of any administrative measures the Technical Section was capable
of taking, since the sources and channels of information were
threaded throughout the entire Air Service, AEF.22 Moreover,
the Technical Section shared the “function” of gathering and dis-
seminating information with another agency, the Information Sec-
tion of the Air Service Headquarters at Tours, to which it was in
many ways related.

The Information Section, AEF, was an outgrowth of the office
of intelligence which had been organized for the Air Service Train-
ing Department in Paris during 1917. At the end of the war the
Chief of the Air Service described the Information Section as the
central agency for “technical, military and aeronautical data.” 23
This inclusion of technical data in the functions of the Information
Section appears to have been an error, for the conception of func-
tion held by those actually in the Information Section during the
war was limited to information on training, operations, tactics,
and the like.2* Just where the line of division came between the
Technical Section and the Information Section, apart from their
geographical separation, is hard to determine: the relationship be-
tween tactical and technical information is such as to defy separa-
tion.

21. Interoffice memo, BAP Exec. Officer to Maj. [H. W.] Jones (initials un-
certain), 12 June 1918, NA, BAP Exec. Box 81, 402.1 Technical Data.

22. Air Service, AEF, Organization Chart for 6 Sept. 1918 shows the complexity
of the sources of information, which include air units with armies in the field; at
four headquarters, Chaumont, Paris, Tours, and London; foreign liaison offices; the
Coordination Staff; and others, for the most part in echelons above the Technical
Section. NA, BAP Exec. Box 6, 026.4 BAP.

23. Final Report of Chief, Air Service, AEF, draft copy, p. 51, 1919, NA, WWI
Orgn. Records, A.S. Hist. Records Box 1.

24. See, for example, functions of Information Section listed in “Progress of Air
Service Activities as of 11 Nov. 1918,” A.S. Exec. Sect., 30 Nov. 1918, National War
College Library, UG576.3.
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The split between the Technical and Information sections, AEF,
is more significant than may at first appear. To begin with, the
duplicate or overlapping functions of the two agencies had a con-
siderable influence upon the operation of the whole program of pro-
duction during World War I. Even more important, the split be-
tween tactical and technical information, though never complete,
was to establish a precedent which drove a wedge between the two
for some 20 years following the war, tending to disassociate the
air weapon as a technical achievement from its application in com-
bat. Each of these influences upon the air weapon exerted by the
structure of the organization for liaison must be studied in detail.
Chronologically the influence on production came first.

Inadequate tactical and technical information was the root cause
of the delays which held back the program of aircraft production
in the United States. The Technical Section’s failure to advertise
its functions and procedures aggressively, coupled with the want
of clearly defined areas of interest between the two agencies for
technical data, resulted in an inadequate flow of information to the
United States. During the summer of 1918 officials handling pro-
duction became so concerned with the breakdown of the system for
mformation from Europe that they went so far as to establish
their own system within the AEF. This unsuccessful venture, which
has already been described in the account of the Spaulding Mis-
sion, was in effect a criticism of the failure of the AEF to supply
the information necessary for production of aircraft.

When the BAP created a new Technical Information Section
in Washington it was an implicit admission that the fault was not
entirely confined to the overseas Air Service but lay also in the ab-
sence of an adequate agency for processing information in the
United States. To improve the flow of technical data, this new
section in the BAP secured approval from the Chief of the Air
Service, AEF, of a plan to have all information, which was normally
sent to the DMA, duplicated and sent to the BAP as well.25 Thus,
by August 1918 the organization for passing information from the
fighting front to the point of production consisted of two parallel
systems. One was the normal channel of command from the Tech-
nical Section, AEF, across the Atlantic to the Technical Section,
DMA, and thence, in the form of directives, to the BAP for certain
types of aircraft. The second channel of information was that ex-

25. Lockhart to Chief, Air Service, AEF, 14 August 1918, and Copy, Memo by

Chief, Air Service, AEF, 15 August 1918, NA, BAP Exec. Box 81, 402.1 Technical
Data.
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tending from the BAP representative directly to the BAP Tech-
nical Information Section. This parallel pattern was somewhat
complicated by the order issued by the Chief of the Air Service
providing that duplicates of all reports sent to the DMA be sent
direct to the BAP. Despite these irregularities, by the end of the
summer of 1918 the director of the Technical Information Section
of the BAP was able to report that the flow of information was ac-
celerating and that liaison was generally excellent. The illusion was
short-lived.?¢

Little more than a week after the Director of Information for
BAP had pictured the problem of liaison in glowing terms, a new
storm broke out. The Technical Section (DMA) protested, not
without some justification, that the newly created Technical In-
formation Section of BAP usurped and duplicated functions prop-
erly belonging to the DMA. A suggestion by officials of the DMA
that the new section be abolished appears to have had little effect
since the Technical Information Section continued to exist. As long
as the DMA failed to improve the mechanics of its organization for
disseminating and processing information, it could expect the BAP
to operate rival and parallel agencies. Officials of the BAP insisted,
but failed to support their contention with examples, that process-
ing by the DMA delayed information by as much as four weeks,
thus making it “stale” before it reached the production officials who
needed it.2?

The arrangement certainly did not simplify the handling of in-
formation. An impartial observer might well sympathize with an
unhappy British official in Washington who admitted with char-
acteristic understatement that he was “extremely exercised” over
the situation regarding technical data. Where, he asked, should in-
formation be sent, and what guarantee had he that sending it to
one person would ensure its proper circulation? 2 His question
cut to the heart of the problem. The duplicate organizations set

26. Director of Tech. Info. Sect. to Asst. Director, Aircraft Production, 9 Sept.
1918, NA, BAP Exec. Box 81, 402.1 Technical Data. W. C. Sabine, the Technical
Information Section director, was put in charge of the NACA Office of Aeronautical
Intelligence in September 1918. This aviation information agency, a further com-
plication in the pattern, had been established in January 1918 as a “central govern-
mental depository” for aeronautical data. It relied upon the National Research
Council (see following chapter) for information from Europe. NACA Annual Re-
port, 1918 (Washington, GPO, 1919), pp. 24-5.

27. Asst. Director, Aircraft Production, to Acting Director, 18 Sept. 1918, and
Memo, BAP Exec. to Acting Director, 31 Oct. 1918, NA, BAP Exec. Box 81, 402.1
Technical Data.

28. Col. W. Simphill, Special British Mission, to Asst. Director, Aircraft Produc-
tion, 21 July 1918, NA, BAP Exec. Box 81, 402.1 Technical Data.



98 IDEAS AND WEAPONS

up by the BAP were irregular emergency measures, more expedient
than effective, designed to solve a problem by direct action. In
doing so, they created a whole series of subsidiary problems. For
each new information agency established, there were countless ex-
isting agencies which would have to be “educated” as to appro-
priate channels and methods of operation.

Just how difficult the process of orientation could be is illustrated
by the relationship of the BAP Technical Information Section
with the British Mission in Washington. The staff of this mission
built up a working relationship with the Technical Section of the
DMA. When the new Technical Information Section appeared on
the scene, a whole new set of relationships had to be determined.
The problem was not simply one of handing out duplicate informa-
tion, for the system of liaison was far more complex than that. The
reader will remember that the Technical Section, AEF, maintained
a branch office in London. The BAP had no such office, so it was
compelled to rely more heavily upon the liaison services of the
British Mission unless it was willing to wait for information to be
sent from the branch in London to the office of the Technical Sec-
tion, AEF, in Paris and thence to the Technical Section of the
DMA in Washington for processing to the BAP.

The situation presented by the system of multiple sources of in-
formation was not unlike the complexity of channels confronting
the foreign office of any modern state. Diplomatic information from
abroad can be gathered either through a minister or ambassador
residing in a foreign capital or through the minister of a foreign
state accredited to the government seeking information. The anal-
ogy is useful because it reveals that the authorities in the United
States were not entirely without precedent in struggling to solve
their problems of liaison even though they failed to derive much
profit from the precedent. Whether officials of the BAP sought
information through the DMA or through the British Mission was
undoubtedly determined in the final analysis by the success of one
or the other source in providing the data desired. Regardless of
comparative effectiveness, both channels continued to function and
provided duplicating and overlapping as well as conflicting ad-
vice.2?

Failing to receive what the authorities in charge of production
considered an adequate flow of technical information through the
military channels of the DMA, the director of the Technical In-

29. Some of the difficulties arising from conflicting advice from abroad are dis-
cussed below in chapters 7 and 8.
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formation Section (BAP) set out to improve direct liaison with the
British. In an accord reached with a representative of the British
Aviation Mission in Washington, it was decided that all future
exchanges of information would be cleared through a single in-
dividual in London dealing “on the widest possible lines.” All
specific requests for information were to be channeled through this
person, and the reports of all missions, deputations, or observers
in the United Kingdom were to be returned through him. Finally,
it was stipulated that all information returned to the United States
would be disseminated by a single suitable agency. Presumably the
suitable agency was the BAP Technical Information Section.?®
The agreement of the BAP and the British Mission contained
several administrative features which promised to help untangle
the snarl of agencies for liaison. If it did nothing more than reduce
the number of independent and uncoordinated reports returned by
missions and observers, the agreement would have been useful.
Nevertheless, creating a new agency in London, even if it con-
sisted of only one individual, was after all merely adding one more
agency to the many already existing. The agreement was typical
of the prevailing pattern and practice. Officials sought to solve
problems with more agencies rather than with better agencies, and
in creating new agencies the circle of problems widened just so
much farther.

How much more difficult the addition of new offices could make
the task of acquiring technical information is illustrated by an
incident in London. When an official of the Bureau of Standards
wrote to the Scientific Attaché at the United States Embassy in
London for a certain bit of information, the attaché explained his
difficulties in securing what was wanted. The British had set up a
Liaison Office in the Air Ministry to handle requests for technical
data, and applications for information were channeled through
this single agency. The report of the attaché is perhaps the best
possible index of the effectiveness of this paper-processmg agency.
“T succeeded in evading this requn'ement in some cases; in many
other cases it resulted simply in the delay of the mformatlon from
a fortnight to a month.” 31 The vicious circle was complete. Since
few, if any, relied upon the established channels of information,

30. “Memo Regarding Technical and Other Information Given to the USA by the
Aircraft Production Department of the Ministry of Munitions, Great Britain,” 25

July 1918, signed by Dr. Wallace Sabine and Sir Henry Fowler, NA, BAP Exec.

Box 81, 402.1 Technical Data.
31. H. A. Bumstead, Scientific Attaché, London, to S. W. Stratton, Bureau of
Standards, 30 July 1918, NA, BAP Exec. Box 81, 402.1 Technical Data.
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virtually every organization created an agency of its own, increas-
ing the frequency of conflicting reports and reducing the degree
of control exercised by the military officials, who were responsible
ultimately for the success or failure of the various programs for
aviation.

The futility of creating new channels for information was recog-
nized during the fall of 1918, and at least one agency sought to
improve the situation by refining existing procedures. The reforms
proposed by the Director of Information for the BAP read like
a catalogue of errors in the liaison system in operation during the
last month of the war. Henceforth, the director suggested, officers
detailed abroad for liaison service with the Allies or as members of
missions should be chosen from among those “directly responsible
for the subsequent use of the information.” While this was mani-
festly impossible in every instance, the director felt it was essential
for each officer sent overseas to be “conversant with the subject”
of his mission. The director further recommended that the orders
of each mission should be “carefully and narrowly defined” by the
agency originating the mission and that activities should be con-
fined within the limits of these directives. For a corollary, as if to
emphasize the point and take note of very human past experience,
the recommendation added that each officer should “occupy him-
self solely with the specific purpose of the trip and return at the
earliest possible moment.” Perhaps the most significant advice the
director offered was that each returning mission or observer should
prepare a written rather than a verbal report and distribute copies
to all interested agencies.??

The reforms proposed by the official of the BAP reveal continued
reliance upon missions or individual observers, even at the end of
the war. The emphasis on written reports indicates that officials in
the War Department at long last appreciated the slight value of
information not reduced to writing. The contradiction inherent in
the director’s recommendations probably escaped him. If missions
were to reduce their findings to report form, why then was a mission
necessary at all? Missions, it must be admitted, had certain ad-
vantages for special projects over the services rendered by per-
manent liaison organizations. But for the routine transfers of
information, established agencies with functional staffs and well-
cultivated official contacts had shown themselves more capable of

82. Memo, Director, Tech. Info. Sect., to Acting Director, Aircraft Prod., 28
Oct. 1918, NA, BAP Exec. Box 81, 402.1 Technical Data.
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gathering information than had missions, even if the agencies were
deficient in techniques of dissemination.

Officers in the AEF when reviewing the experience of the war
reiterated the recommendations of the BAP. Their reports noted
that the absence of specific directives and carefully defined instruc-
tions had impaired the efficiency of missions, and the practice of
assigning personally or professionally unqualified officials had been
a constant source of embarrassment. More significantly, criticisms
from the AEF went beyond those propounded by the BAP and
stressed the importance of agencies for liaison in preference to
individual observers and missions.

Looking back on the tangle in liaison, the officers of the AEF
who reviewed the whole period of the war emphasized a lesson recog-
nized only after repeated failures: it has been demonstrated, they
said, that departments, headquarters, and armies “cannot be de-
pended upon” to furnish information “automatically.” Informa-
tional agencies could ensure a continuous flow of technical data
only by establishing a system of liaison with representatives in
every agency for training, operations, or staff duty, each specifi-
cally charged with the sole mission of gathering information.?® On
both sides of the Atlantic military officials recognized, at last, that
technical information required organizations to process it con-
tinually if production was to keep pace with the flux in design re-
quired to maintain aircraft superior to those of the enemy. Un-
fortunately, even these simple fundamentals were not recognized
until after the fighting had stopped. Organizations so painfully
assembled during the war vanished. Some lessons were salvaged.
Many had to be learned over again.3*

Whether or not the aircraft produced in the United States would
be superior, only the competitive test of aerial combat could tell.
But before going on to analyze some of the results produced during
the course of the war by the disorganized state of the agencies for
gathering information and making decisions, one must explore still

83. See Information Section, AEF, in volume entitled “Lessons Learned” in “Air
Service, AEF, History,” Series A, Vol. 15, ca. 1919, NA, WWI Orgn. Records,
GHQ, AEF Files, See also bibliographical note, below.

34. The Information Section, AEF, anticipated the recommendation of the Lock-
hart Mission in compiling an extensive history of the Air Service, AEF (see above,
n. 33). The “lessons learned,” however, were for the most part impressions of the
period at the end of the war rather than the product of day-to-day operating
experience from 1917 onward. Because of the comparative inaccessibility of these

histories after World War I, even the limited value of the “lessons learned” was
little exploited.
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another area of administration. Along with the several sources of
technical data in foreign countries, there were in the United States
a number of agencies for engineering and scientific research con-
tributing to the field of aircraft. No study of the aerial weapon
would be complete without some consideration of the organization
created to utilize these agencies in the national program of avia-
tion.



Chapter VI. Organization for Research and
Development

Waen THE United States entered World War I the nation was
unprepared to meet the demands for aircraft which full-scale par-
ticipation in a world conflict required. Even though the unprepar-
edness of the United States made it imperative to count on Europe
for immediate production of tactical aircraft, from the very out-
break of war there had been no intention of continued reliance upon
foreign states. Pride alone, not to mention strategic necessity,
would have compelled the nation, sooner or later, to establish a
self-sufficient aircraft industry independent of foreign leadership.
A self-sufficient source for aircraft implies the existence of a highly
perfected system for converting scientific and technological ad-
vances into designs for production. Such a system, in its barest
essentials, would require organizations for seeking and exploiting
new scientific knowledge and organizations for applying in prac-
tice the findings of the scientists. In short, the nation needed agen-
cies for research and development. But in April 1917 there existed
only the most rudimentary beginnings of an integrated system for
aeronautical research and development.

There was no room for false pride regarding aviation in the
United States when the Bolling Mission sailed for Europe.! In
early 1917 there were only about a half-dozen seronautical en-
gineers in the Aviation Section of the Signal Corps. Several of these
officers were actually studying aeronautics at the Massachusetts
Institute of Technology when war broke out.? There were at the
time only 10 or 12 manufacturers of aircraft in the entire United
States. Of these, only about half had ever constructed as many as
10 airplanes. None had ever designed a successful type for combat.

1. Lloyd George’s charge that pride kept the United States from profiting by
the experience of the Allies in design has been demonstrated as erroneous in Chap-

ter 4. See David Lloyd George, War Memoirs (6 vols.; Boston, Little, Brown, 1933

37) 5, 451; and E. S. Gorrell, “What, No Airplanes?”’ Journal of dir Law and Com~
merce (Jan. 1941).

2. B. Crowell, America’s Munitions; 1917-1918 (Washington, GPO, 1919), p. 240.
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The Curtiss Aeroplane and Motor Corporation of Buffalo, N.Y.,
having constructed a large number of training aircraft for the
War Department and for the British, was the only manufacturer
with extensive experience. Moreover, Curtiss enjoyed the advan-
tage of the services rendered by a number of British engineers
serving on the staff of the corporation.s

There could be no question of the unlikelihood of creating an ef-
fective aerial force with these limited resources. Even if the War De-
partment had been able to provide the manufacturers with definite
objectives in terms of the performance desired (which the depart-
ment was quite unprepared to do in April 1917), it is doubtful
that a bare half-dozen designers could have developed the types
of aircraft required on the front in Europe. The need for aircraft
immediately and in large numbers inevitably brought about the de-
cision to turn to Europe for models of tactical aircraft to be put
into production at once. On the other hand, the decision to estab-
lish an organization for experimental engineering within the mili-
tary service came only after leaders in aviation circles became
aware of the problem of continual change in design. When the Boll-
g Mission went to Europe for models of aircraft to put into
production, the assumption apparently had been that those chosen
would be sent home, copied, and turned out in great quantities. It
was not until the midsummer and fall of 1917 that the full implica-
tions of the never-ending change in design imposed by aerial com-
bat with an aggressive enemy began to affect planning for aviation
in the United States.*

Not until after the return of aircraft designer Lt. Col. V. E.
Clark from his service in Europe with the Bolling Mission did of-
ficials in the United States set up an organization to handle engi-
neering problems at the operating level. In October 1917 the Chief
Signal Officer authorized the establishment of a Signal Corps “ex-
perimental factory” at McCook Field, Dayton, Ohio. Lieutenant
Colonel Clark took command of the new organization which was
officially designated the Airplane Experimental Department. This
position probably curtailed Clark’s effectiveness as an aircraft
designer by loading him with administrative routine, but there were
other reasons why the engineering organization failed to turn out
designs for combat aircraft.

8. Ibid., pp. 251-4.
4. See, for example, the gradual change in attitudes of members of the Bolling
Mission, Chapter 4, above.

5. Photostat copy, Signal Corps; Equip. Div., Office Memo, No. 30, 18 Oct. 1917,
in files of Wright Field Hist. Office. As early as 24 May 1917 an Aircraft Engineer-
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The Airplane Experimental Department had scarcely been
established when it was confronted with a rival organization, the
Production Engineering Department. The Production Engineer-
ing Department was originally formed as an agency to prepare
and expedite production of aircraft from European sources as well
as those conceived by the experimental department, but in actual
practlce the production department became an experimental en-
gineering agency itself. Many of the designs sent from Europe
had to be altered significantly to fit available engines, and in effect-
ing the necessary modifications, the staff of production engineers
became experimental engineers perforce. During August 1918 ex-
perimental and production engineering combined under a single
head.®

The urgency of the need for aircraft in France undoubtedly
tended to divert the limited number of designers available at Day-
ton from original work in design to expediting production. More-
over, the staff at McCook Field found that designing aircraft was
difficult, if not impossible, when separated from the actual process
of manufacture.” Whether it was recognition of this difficulty or
the pressure of the contemporary need which induced the engineer-
ing staff to abandon the attempt cannot be determined. In any
event, after the first few months of 1918, the initiative for creative
designing of aircraft was left for the most part to the engineering
staffs of the several manufacturers.®

In view of the limited resources of engineering skill available to
the manufacturers of aircraft in the United States, the results
achieved in terms of actual performance when war came were re-
markable, and at the time of the Armistice a number of indigenous

ing Division had been formed but only as a staff office in the Office of the Chief
Signal Officer in Washington. For evidence of the diversion of design talent to com-
mand functions, see dircraft Production, Hearings before subcommittee of Senate
Military Affairs Committee, 65 Cong. 2 Sess., 15 July 1918, 2, 779.

6. Some of the problems encountered in converting foreign designs for use with
Liberty engines are discussed in the following chapter. See also, for details of or-
ganizational changes, Capt. H. H. Blee, “History of . .. Airplane Engineering
Division . . . ,” 15 Aug. 1919, Wright Field Hist. Office files.

7. For an illustration of this problem, see AAF Historical Study No. 54, “The
Development of Aircraft Gun Turrets in the AATF; 1917-1944,” p. 280, May 1947,
AAF Archive.

8. See “Rotary-Wing Aircraft in the Army Air Forces: A Study in Research and
Development Policies,” chap. ii, 1946, Wright Field Hist. Office, for evidence of at-
tempts by the government’s engineers to design military aircraft. See also J. A.
Beck, “Investigations,” Sept. 1919, NA, BAP Hist. Box 8, 338.5 Investigations,
General; and AAF Historical Study No. 50, “Materiel Research and Development
in the Army Air Arm; 1914-1945,” chap. i, 1946, AAF Archive.
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designs were just at the point of entering full-scale production.
The Packard Motor Car Company used a French aeronautical
engineer trained at St. Cyr to produce a two-place pursuit, the
Lepere, with performance somewhat superior to that of the air-
craft in action along the front. The Thomas-Morse one-place pur-
suit, the Martin bomber, and the Loening two-place pursuit were
distinctly domestic designs which had achieved superior perform-
ance records when the war ended.? But the superlative achievements
of purely experimental types did not win battles. Results, no mat-
ter how remarkable, were of little value unless they represented air-
craft actually on the fighting front. No aircraft entirely designed
in the United States reached Europe in time to be of value in World
War 1.

The achievements of the United States in creative design and
experimental engineering, as contrasted to the result in production
engineering, were important only insofar as they marked the
growth of a new industry and developed a body of experience to
guide the War Department in the postwar era. In terms of pro-
viding superior weapons to give an advantage for victory, creative
design in the United States played little or no part. The effort of
the War Department and the aircraft industry together was pri-
marily in the direction of applied rather than creative design. The
greater part of the wartime program for aviation was devoted to
manufacturing from ready-made designs and to reducing foreign
designs to production. Hence there was need for a domestic agency
to explore the many horizons of the new science of aviation. Such
an agency already existed in the National Advisory Committee for
Aeronautics (NACA), but the NACA was not a part of the War
Department. The degree to which the War Department would
profit from the services of the NACA in perfecting the air weapon
was thus largely dependent upon the ability of the department to
establish an effective system of liaison with the aeronautical agency.

The NACA has already been mentioned in an earlier chapter as
the product of a rider on a naval appropriations bill in 1915. The
founding legislation of the NACA grew out of the efforts of a
group of enthusiasts carrying on the Langley tradition at the

9. There is no really comprehensive published discussion of aircraft designed in
the United States during World War I. Crowell, America’s Munitions, pPp. 253-64,
is probably the best available in print. However, for cursory published résumés, see
Maj. Gen. G. O. Squier, “Aeronautics in the United States . . . ,” address before
American Institute of Electrical Engineers (New York, 1919); and Col. G. W.
Mixter and Lt. H. H. Emmons, United States Army Adircraft Production Facts
(Washington, GPO, 1919).
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Smithsonian Institution in Washington.!® The wording of the
organic act of the committee constituted a broad directive, which
authorized it to supervise and direct the scientific study of the
problems of flight. Moreover, when laboratories and equipment
became available, the committee was further authorized to “direct
and conduct research.” The only specific limitation imposed upon
the new organization was fiscal, since Congress provided for no
more than $5,000 per year for five years.!!

In creating the NACA, Congress followed a well-established tra-
dition for independent agencies, granting broad, ill-defined powers
in the enacting legislation and leaving to time, the initiative of the
agency, and the interpretations of the courts the task of defining
the agency’s functions in detail. It was the aggressive initiative and
enthusiasm of the original committeemen on the NACA which de-
termined the real scope of their activities. This delineation of func-
tions began soon after the agency was first created.

During 1915 the committee conducted a survey of facilities for
aeronautical research in the United States. The results were dis-
heartening. Few universities displayed more than a “curiosity”
in regard to aeronautics; only two offered formal course work in
aerodynamics. Thus, in its first months the committee realized that
the initial contribution of the NACA would be to define the prob-
lem of aviation by isolating the areas of the unknown and group-
ing them into related fields of study such as power plants, airfoils,
instruments, structures, and the like. Having done this, the NACA
could then provide a clearinghouse for information and a central
source of publication for aeronautical findings.'> Had the com-
mittee done nothing more than provide this medium of expression,
it would probably have justified itself in the eyes of Congress, but
the men who served on the committee were not content to play a
passive role.

The infant aircraft industry of the United States would, the
committee felt, follow rather than lead. Without capital and en-
gineering talent, manufacturers had already shown a tendency
to follow the demand of the public or the requirements of govern-
mental specifications. It has been suggested (Chapter 2) that be-
fore 1917 the leadership of the War Department in aeronautics,
while probably somewhat better than it is popularly supposed to

10. First Annual Report of the National Advisory Committee for Aeronautics
(Washington, GPO, 1916), p. 9. See also AAF Historical Study No. 50, chap. 1.
11. Public No. 271, 63 Cong., 3 March 1915. See also Chief Clerk, NACA, to Chief

Clerk, Office of Chief Signal Officer, 27 Oct. 1917, AFCF, 334.8 NACA.
12. NACA Adnnual Report, 1915, pp. 12-15.
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have been, was scarcely dynamic. Officials of the NACA believed,
with ample justification, that aircraft manufacturers were not in-
terested in models involving “radical or sudden changes” from the
prevailing standards. Clearly, the committee reasoned, it was the
responsibility of a disinterested agency such as the NACA to lead
the way in pushing back the horizons of aeronautical science and
to set the pace in developing better aircraft.s

Beneficial as the initiative of the NACA may have been in stimu-
lating aeronautical research, aggressiveness was not without its
more questionable aspects. When the committee turned from
research to participate in planning production, it contributed
heavily, albeit unintentionally, to the organizational split between
operations and supply which did so much to hamper the program
of aircraft in World War 1.4 To condemn the committee for the
problems resulting from its engaging in activities beyond those
contemplated by Congress is to overlook the factor of personality
in the new agency. The enthusiasm which led the NACA to under-
take planning production in the absence of concrete activity in that
direction by the Signal Corps was the same enthusiasm which led
the committee to effective service in the field of research.

Officials of the new agency were certainly aggressive. During
1916, the second year of its existence, the NACA secured an ap-
propriation of $85,000 and asked Congress to provide $107,000
for the next fiscal year. Although Congress was doubtless influenced
by the progress of aviation in Europe in granting these increases,
they still reflect something of the energy with which the committee
tackled the problem of aeronautical research. Another more spe-
cific index of aggressiveness in the NACA appears in the work of
the committee in sending representatives to Europe to obtain scien-
tific information directly from the combatant Powers as early as
March 1917. It will be recalled that the War Department, with all
its established channels for liaison through military attachés and
diplomatic representatives, had been unable to get observers to
the front to gather information on developments in aircraft until
Just about this same time.!5

18. Ibid., p. 18.

14. NACA Annual Report, 1917, p. 17. The NACA put itself on record as basing
its proposal for an Aircraft Production Board under the Council of National De-
fense upon a study of European experience and practice. Unhappily, the NACA
doesn’t appear to have appreciated the lack of full ministerial responsibility in the
Council of National Defense as contrasted with the British Ministry ; for example,
the proposal of the NACA adopted the duties but not the authority, the form with-
out the substance, of its European models. See above, Chapter 4.

15. NACA Annual Report, 1°16, pp. 17-19; and Extract from draft of NACA
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When the United States finally entered the European war,
the NACA expanded its activities to meet the special problems
raised by the use of aircraft in warfare. Thus, by the end of 1917,
regardless of whatever might have been the intention of Congress,
the NACA was performing four relatively distinct functional roles:
encouragement to civil aviation ; dissemination of aeronautical in-
telligence or technical information ; applied research with special
military ends in view ; and fundamental research. Of these only the
last fitted in with the role probably intended for the agency by
Congress.!®

During the first two years of its existence the NACA operated
from a few crowded rooms in a Washington office building. During
1916 a site board tried to find a suitable location for a research
center. When at last the War Department was persuaded to pro-
vide a plot at Langley Field, Va., work began on a laboratory
building and wind tunnels for which nearly $90,000 had been ap-
propriated.’” At the end of the war, the wind tunnels were still
incomplete. The program of fundamental research by the NACA
may have had little or no appreciable influence upon the outcome
of the war, but the stimulus of war, especially in terms of funds,
made it possible to build up facilities which provided invaluable
services to the air arm during the next 20-odd years.!®

Of equal importance, or perhaps of greater importance as far
as this study is concerned, were the administrative relationships
which the NACA worked out with the War and Navy departments
during the years leading up to the Armistice. Both the War and
Navy departments were granted an element of control in the
NACA by the organic legislation of 1915 which gave each service
two members on the Executive Committee. With representatives on
this policy-making committee, it was assumed that the two depart-
ments would be able to influence the direction of the program of
research conducted by the NACA. This they did in later years,
but during World War I there was, as it has been shown, no lab-
oratory and very little research, so control of policy was academic.

Executive Committee report, F.Y. 1916-17, AFCF, 834.8 NACA. For a compari-
son of NACA and War Department in securing information from Furope, see above,
Chapter 3.

16. A detailed list of the subcommittees, their personnel, and functions is given
in NACA Annual Report, 1917. See also S. W. Stratton, NACA, to Capt. T. D. Mill-
ing, Aviation Sect., Signal Corps, 15 May 1917, AFCF, 334.8 NACA.

17. NACA Annual Report, 1917, p. 16.

18. AAF Historical Study No. 50, pp. 14-15. See also NACA Annual Report,
1918, p. 24.
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Soon after the United States entered the European conflict a
flood of “inventions” from all over the nation poured in from per-
sons who wished to contribute to the war effort. Up until the time
Gen. P. C. March became Chief of Staff, inventions which were
offered to the War Department were referred to the old Board of
Ordnance and Fortification, an agency whose ineptitude for the
wartime task is probably best indicated by the fumbling form-
letter treatment the board had given the Wright brothers in the
leisurely days of peace. General March abolished the board as a
“sheer waste of time.” In its stead during July 1918 he established
on the General Staff an Inventions Section manned with scientists
and specialists drawn from universities for the duration.!?

Aircraft inventions, on the other hand, presented a quite differ-
ent problem. Long before the Inventions Section of the General
Staff appeared, the NACA had begun to function as a clearing-
house for ideas, screening literally thousands of proposals before
sending on a small percentage of useful inventions to naval and
military engineers.?° It was in performing this useful function that
the NACA hammered out its working relationship with the War
Department. The two formal representatives of the War Depart-
ment on the Executive Committee were officials from Washington
who attended meetings held at infrequent intervals, but the day-to-
day relationship of the department and the NACA was actually
carried on by officials of the NACA and members of the engineer-
ing staff in echelons of the service far below the officials responsible
for effective policy-making.

The practical result of the difference between official representa-
tion and operating relationships was to shape the character of the
influence which the NACA had upon the development of military
aircraft in the postwar years. By submitting ideas directly to the
engineering staffs, the NACA placed itself in the hands of those
staffs. During the war, for example, one innovation in the construc-
tion of aircraft which came to the attention of the NACA was re-
ferred to the engineers at McCook, where the idea was either re-
Jected or ignored. The same idea was given to the navy and proved
to be of outstanding value.?! The structure in question may have
been relatively unimportant in terms of the broad picture of devel-

719. P. C. March, The Nation at War (Garden City, Doubleday Doran, 1932), p.
47.
20. NACA Annual Report, 1918, pp. 29-30.

21. Report on inventions handled by NACA, typescript account presumably pre-
pared by officials of the NACA, 13 April 1918, AFCF, 334.8 NACA.
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opment in the field of aircraft, but the administrative relationships
the incident betokened were important.

Submitting ideas through engineering channels rather than
through policy planners in the topmost echelons made it possible
for the engineering staff of the air arm to kill off a proposal for a
potentially good weapon before it reached the attention of those
who shaped strategy. It is very probable that few if any revolution-
ary weapons were “lost” by the services in this manner during
World War I, but the subservience of the committee to engineering
rather than strategy was apparently firmly established by the war-
time precedent.??

It has already been suggested that the creation of the NACA
offered the War Department an important means of improving
the air arm without assuming budgetary responsibility if it could
evolve an effective system of liaison for exploiting to the utmost
the capabilities of the new agency. If the system of liaison was in-
effective, the fault was not entirely military. The committee lacked
singleness of direction. To be sure, by 1918, after the aircraft
program had failed spectacularly and had been subjected to
numerous investigations, the committee was only too willing to re-
port that its activities no longer included planning programs of
production.?* But even when the agency had restricted itself to
the role of a research organization, responsibility was not clearly
defined until after the Armistice when the committee made a deter-
mined effort to clarify its role.2* All temporary or expedient war-
time subcommittees were discharged in 1919, and the agency’s
function was redefined along twofold lines as a clearinghouse for
all aeronautical information and a research agency to service the
various branches of the government.2®

The NACA spent most of the war years in finding itself. The
problem was by no means unique. Other scientific agencies experi-
enced comparable troubles in trying to work out effective systems

22. The postwar practice was to appoint the Chief of the Air Service and the
Chief of the Engineering Division as representatives of the army on the NACA.
Although this arrangement might seem to have balanced the strategic factor vs. the
engineering factor in determining the course of NACA research, correspondence
for the period 1920-42 shows the predominance of the engineering influence. See
WFCF, 334.8 passim. See also Copy, memo, J. C. Hunsaker, NACA, to Gen. H. H.
Arnold, 2 May 1942, AFCF, 334.8 NACA.

23. NACA Annual Report, 1918, p. 25.

24. For an example of some internal rumblings in NACA, see L. M. Griffith,
Senior Staff Engineer, to Exec. Com., 4 Sept. 1918, AFCF, 334.8 NACA.

25. NACA Annual Report, 1919, p. 11.
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of liaison with the War Department. To consider some of these
other agencies it will be necessary to revert briefly to the early
months of the war.

In April 1917 the National Academy of Sciences offered its
services to the government of the United States in organizing for
war purposes the scientific resources of the country: educational,
industrial, and institutional. The offer was a logical one inasmuch
as the National Academy of Sciences was originally chartered
during the Civil War to abet the Federal cause by mobilizing
scientific intelligence. The National Academy’s charter was a broad
mandate to investigate, examine, experiment, and report upon any
subject of science when called upon to do so by any department of
the government. Within the framework of this charter, the Na-
tional Academy of Sciences had shown commendable initiative in
preparing for war before war was declared.2®

As early as February 1917 the academy secured official approval
for creating the National Research Council (NRC), an organiza-
tion primarily designed to ferret out and make available the
nation’s scientific personnel. Something of the council’s initiative is
shown in the energy with which it organized an expedition of scien-
tific observers to the French front a full month before the United
States entered the war.2” Unfortunately, initiative and even ag-
gressive interest were insufficient substitutes for effective organiza-
tion. From the outbreak of war until early in 1918 the NRC ex-
isted only as a relatively loose assembly of scientists. A single rep-
resentative in Washington served in the capacity of liaison officer
between the federal government and individual scientists working
in their home localities, almost entirely without benefit of govern-
ment funds. Limited as the productivity of this rather informal
arrangement necessarily was, the NRC nevertheless laid some im-
portant groundwork in organizing science for war. During the
summer of 1917, at the council’s instigation, the Chief Signal Of-
ficer established a Science and Research Division within the Signal
Corps which utilized scientists of the NRC to carry out a number
of research projects. The distinguished physicist R. A. Millikan

accepted a commission as lieutenant colonel and took command of
the division in 1918.2¢

26. W. F. Willoughby, Qovernment Organization in War Time and After (New
York, D. Appleton, 1919), p. 22.

27. NACA 4nnual Report, 1917, p. 19.

28. Capt. C. M. Sparrow, “A Brief History of the Organization and Activities of
the Science and Research Division of the Bureau of Aircraft Production” (undated,
ca. 1819), NA, A.S. Finance Advisory Board, Case No. 810, Box 15. See also Lt. R. C.
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The exact role of the Science and Research Division in the ad-
ministrative framework of the Signal Corps was not clearly estab-
lished. The directive which authorized the new division vaguely
assigned it responsibility for all research and development work
ordered by the Chief Signal Officer. This left the entire burden of
initiative upon the chief and none with the scientists themselves.
Under this arrangement the scientists of the division were con-
sidered to be a pool of talent from which the best qualified in-
dividuals were drawn when problems appeared. At best this was
an after-the-fact way of exploiting the potentialities of science,
waiting for difficulties to develop rather than seeking to use scien-
tists to develop difficulties—for the enemy.

Within the limitations imposed by a scarcity of funds and the
absence of effective liaison in Washington, the scientists of the
NRC proved sufficiently useful during the summer and fall of 1917
to induce officials in the Signal Corps to take increased interest in
the possibilities of exploiting the scientific resources of the nation.
Early in 1918 the Chief Signal Officer issued a new directive
strengthening the position of the Science and Research Division by
giving it a more aggressive role. This directive made the division
responsible for the investigation of all inventions and scientific
developments of interest. In place of passive reliance upon orders
from the Chief Signal Officer assigning individual projects for solu-
tion, the scientists were now officially encouraged and even required
to seek out technological advances of possible use for military
purposes. Of equal or greater importance, the new directive spe-
cifically required the Science and Research Division to bring find-
ings of interest to the attention of other divisions of the Signal
Corps which might make use of them.2?

The scientists assigned to work with the Signal Corps were, of
course, only one group of the many enlisted in the over-all program
of the NRC which served all branches of the War Department,
the Navy Department, and other governmental agencies. Nonethe-
less, the success of the Science and Research Division in the Signal
Corps appears to have been typical of other units in the NRC with
military affiliations, because President Wilson signed an executive
order in May 1918 requesting the National Academy of Sciences
Hillsdale, “Advisory and Cooperative Agencies,” pp. 57-70, July 1919, NA, BAP
Hist. Box 9, 334.7 NRC History.

29. Sparrow, “A Brief History”; and Office, Chief Signal Officer, Officc Memo No.
85, 16 Feb. 1918, NA, DMA Box 8, 821.9. See also Memo, Lt. Col. L. S. Horner to

Maj. R. A. Millikan, Chief, Science and Research Div., 28 Feb. 1918, NA, BAP
Exec. Box 6, 026.4 Scientific Research.
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to give the NRC permanent status. The president laid down a series
of specific functions to guide the council in its future operations.
The broad purpose of the NRC was to stimulate science and re-
search for national defense. Within the meaning of this general
objective the council was enjoined to “survey the larger possibili-
ties of science” and to “formulate comprehensive projects,” bring-
ing the attention of scientists and technical investigators to the
important requirements of the armed forces,

The president’s directive for the NRC was a great deal more
specific than that guiding the NACA. In a sense, it reflected the
experience of the Science and Research Division in the Signal
Corps, for it required a positive or active role rather than a passive
one. Unfortunately, while the directive was specific in telling ex-
actly what was wanted, it neglected the important consideration
of how the desired end should be accomplished. The NRC was “to
serve as a means for bringing . . . investigators, into active co-
operation with the scientific and technical services of the War and
Navy Departments . . .”” 3° Implicit in this assignment was the
assumption that the military would come halfway, organizing an
administrative system capable of working in conjunction with the
scientific talent made available by the NRC. Just as in the case of
the NACA, the extent to which the War Department profited from
the services made available was, in a large measure, dependent
upon the effectiveness of the machinery for liaison established to
bring the two organizations together.

The Chief Signal Officer’s directive of February 1918, men-
tioned above, gave the Science and Research Division an active
rather than a passive role. Three months afterward the Signal
Corps lost all control over aviation with the formation of the Divi-
sion of Military Aeronautics (DMA) and the Bureau of Aircraft
Production (BAP). The Science and Research Division moved
under the control of the BAP. But a complete break with the Sig-
nal Corps proved difficult. Many of the scientists of the division
were engaged in work on signal equipment rather than aircraft,
so the division continued to serve the Signal Corps as well as the
newly created organization for producing aircraft.?!

Shortly after the reorganization in May which divested the Sig-
nal Corps of aeronautical interests, the Secretary of War redefined

30. The full text of the Executive Order of 11 May 1918 is given in Willoughby,
Government Organization, pp. 23—4.

31. Undated, unsigned typescript, “Science and Research Division,” probably
prepared sometime in 1919, NA, DMA Box 3, 321.9.
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the duties of the Science and Research Division. In the light of the
Chief Signal Officer’s directive of February, the secretary’s con-
cept of the functions of the division appears to be a retrogression.
He believed the division should be “utilized for such scientific in-
vestigation and research as may be necessary.” Such a definition
outlined a decidedly narrower and more passive role than that
contemplated by the Chief Signal Officer.?2

The Science and Research Division had been operating under
the BAP for less than three months when it became evident that
the new arrangement was not so effective as might be desired. The
Director of Technical Information (BAP) recognized the prob-
lem for what it was. Research work on aeronautical problems, he
felt, had been unsatisfactory, in part at least, as a direct result of
inadequate organization and administration. Not only were the in-
ternal operations of the Science and Research Division unstable,
but the relationship and partition of responsibilities among the
divisions, the NACA, and the Bureau of Standards, as well as a
number of other governmental agencies remained unclear.??

The Director of Technical Information was in an excellent posi-
tion to understand the limitations imposed upon the Science and
Research Division while its organizational stature remained uncer-
tain. Sitting in the midst of a complex where competitive and dupli-
cating channels of information were the order of the day, the di-
rector made a determined effort to unify the research activities of
the Science and Research Division, the NACA, and other agencies
under a single command. The need for unification and control was
probably not so much the result of an abuse of power by those who
planned and created the several agencies for research as it was the
result of a combination of carelessness in drafting directives and
innate aggressiveness on the part of operating personnel. If it was
to avoid competition and collision with other research agencies,
the organization, with its greatly expanded scientific and research
functions, now required better administrative control than it had
enjoyed when still on a job-shop or project basis under the Chief
Signal Officer. Enlarged functions tended to penetrate areas of
activity already covered by parallel agencies, making a greater
refinement of directives and a tightening of administrative control
increasingly necessary. It was this situation which the Director of
Technical Information, with his sorry experience concerning the

32. Sparrow, “A Brief History.”

33. W. C. Sabine, Director of Tech. Info., BAP, to M. W. Kellogg, Asst. Director,
Aircraft Production, 20 July 1918, NA, BAP Exec. Box 6, 026.4 Scientific Research.
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problem of technical data, recognized so clearly. Seeing the prob-
lem and doing something about it, though, were two different mat-
ters.

The several research organizations interested in aeronautics
represented as many different and separate governmental agencies,
parallel to the air arm proper rather than subordinate to it. Ef-
fective reorganization would involve more than administrative re-
form within the War Department ; possibly even legislative action
would be necessary. Unfortunately neither Congress nor the War
Department attempted any comprehensive solution of the prob-
lem of administering research. The Director of Technical Informa-
tion felt that “a very large opportunity to accomplish results by
suitably organized and directed research” had been thrown away.34

Not only was there no attempt to unify aeronautical research
activities at the national level in the summer of 1918, but even
within the BAP itself the Science and Research Division appeared
to be relegated to an inferior status. An administrator for in-
dustrial research recruited as a possible director for a unified or-
ganization believed that research was subordinated to production
in the BAP. After studying the problem in some detail, he reported
that the production officials were “probably not very keen on scien-
tific research” and were “preoccupied by immediate difficulties.” 35

When the war ended, production was still considered more urgent
than scientific research. While there were literally thousands of
employees administering production of aircraft at the time of the
Armistice, that portion of the Science and Research Division con-
cerned with aviation comprised a total of 22 officers, 121 enlisted
men, and 16 civilian scientists.3® Numbers alone, of course, were
no certain indication of significance, but, the fact that a large pro-
portion of the scientists, civilians and officers alike, had been
drawn from outside the War Department for the emergency only
was of utmost importance. When the war ended they went home
to the universities and research institutes from which they had
come. The Science and Research Division almost ceased to exist for
want of personnel.

There were other reasons too why the Science and Research Divi-
sion did not survive the immediate shock of the end of the war. It

84. W. C. Sabine to W. R. Whitney (of General Electric, Schenectady, N.Y.), 22
Aug. 1918, and Memo, Asst. Director, Aircraft Production, to Bureau of Standards,
12 July 1918, NA, BAP Exec. Box 6, 026.4 Scientific Research.

85. W. R. Whitney to W. C. Sabine, 27 Aug. 1918, NA, BAP Exec. Box 6, 026.4

Scientific Research.
86. Sparrow, “A Brief History.”
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had not become deeply entrenched in the organizational hierarchy
of the air arm. To begin with it had been an extraneous accretion
to the Signal Office, and after the reorganization of May 1918 it
straddled uncomfortably between the Signal Corps and the BAP,
which was more interested in production than in research. When
the emphasis on production fell away after the Armistice, the BAP
was dissolved in the formation of the Air Service, and the Science
and Research Division was nominally merged with the engineering
organizations at Dayton, Ohio. Without the leadership of its scien-
tific personnel the division changed in character as it became sub-
servient to an engineering agency with different objectives.?” To-
gether these factors added up to one result: Little interest and less
experience in organizing for science and research were passed on
to the postwar era by the World War I agencies for military re-
search. Since these agencies made comparatively little direct con-
tribution to victory, the United States necessarily depended heavily
upon borrowed weapons and foreign designs for aircraft and ac-
cessories. This reliance served to emphasize the importance of the
organizations for “borrowing,” to wit, the organizations for in-
formation and decision-making discussed in earlier chapters. Just

how well they were able to carry out their functions remains to be
seen.

87. See “Rotary-Wing Aircraft” (cited above,p. 105 n. 8) for a discussion of the
role of fundamental research in an applied research or engineering organization.



Chapter VII. The Development of Air
Weapons: Fighters and
Observation Aircraft

Tae UNiTED StaTEs declared war on Germany in April 1917.
A full year later aircraft production amounted to little more than
a trickle. No bombers and no fighters had been produced. The first
nine completed observation aircraft, modified versions of the Brit-
ish DeHaviland DH-4, appeared in February 1918. During the
following month only four more came off the assembly lines, and
in April, a full year after the war began, the total production
was 15 aircraft.’ Of the several foreign types selected by the Boll-
ing Mission in the summer of 1917, only one had even approached
the stage of mass production. Although there were 10,000 DH-4
observation aircraft on contract during the war, 15 completed air-
craft some 12 months after the outbreak could scarcely be regarded
as an impressive achievement.? The promised aerial might with
which the United States hoped to darken the skies of Europe had
not materialized.

When the public at large learned of the insignificant number of
aircraft manufactured, a wave of indignation and criticism broke
over those who were responsible for the nation’s aviation program.?
Just as might have been expected, a rash of investigations, official
and quasi-official, broke out in answer to the public clamor. The
story of these investigations and the factors, political as well as
patriotic, which inspired them is not the concern of this study. Some
of the investigators’ findings, nonetheless, have a direct bearing
upon the development of superior aerial weapons. The successive
investigations uncovered a great number of flaws in the program

1. Col. G. W. Mixter and Lt. H. H. Emmons, United States Army Adircraft Pro-

duction Facts (Washington, GPO, 1919), p. 48.

2. Report on Aircraft Surveys . . . , House Document No. 621, 66 Cong. 2 Sess.,
19 Jan. 1920, p. 4.

8. See, for example, New York Times, 20 March 1918 ff., for criticism of the
aviation program.
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for manufacturing aircraft, but the consensus held that inadequate
organization was the root of the trouble.*

A subcommittee of the Senate Military Affairs Committee, one
of the last of the investigating groups, published its report in
August 1918. The committee’s findings were in many ways a sum-
mation of the investigations conducted earlier, and as such they
were generally representative. The Senate committee was quick to
point out that an “unsystematic and ineffective” organization in
which the several branches suffered because of ill-defined, conflict-
ing, and overlapping functions had hampered production from the
beginning of the war. The administrative deficiencies of the organi-
zation for the production of aircraft were reflected in a number of
ways. The ineffective systems of liaison to report the requirements
of the forces in combat to the drawing boards of industry were
singled out for particular criticism. The committee also empha-
sized the need for a single, unified source of command to give au-
thoritative decisions in the selection and development of aerial
weapons.®

The findings of the Senate committee, like those of all the other
investigating groups, uncovered much that was faulty, but no-
where did they resolve the various difficulties into a comprehensive
explanation of the problems encountered while developing aircraft
in wartime. Nowhere did the committee attempt to relate the inade-
quacies of the system of liaison or the faulty organization for mak-
ing decisions directly with the meager results accomplished. The
committee did go as far as to place the major blame for the failure
of the program upon the policy of adapting all tactical aircraft
to the Liberty engine rather than manufacturing exact copies of
European models. Nevertheless, the factors behind this all-impor-
tant policy and their relationship to the inadequate organizations
for information and decision were left unexplored, if indeed they
were even recognized.

In singling out for censure the decision to standardize the Lib-
erty engine for all tactical aircraft, however, the Senate committee
might well have contributed substantially to an understanding of
the whole problem. The case of the Liberty engine is essentially
the pattern of aeronautical design in brief. To analyze the decision

4. For comparison of the investigating committee texts, see reports of H, Snowden
Marshall, 12 April 1918; the Senate Committee, 22 Aug. 1918; and Charles Evans
Hughes, 25 Oct. 1918, NA, BAP Hist. Box 8, 333.56 Investigations, General.

5. Aircraft Production in the United States, Senate Report No. 555, 66 Cong.
2 Sess., 22 Aug. 1918, pp. 3-4.
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to standardize the Liberty is to analyze the whole wartime program
for developing aircraft.

When the United States declared war there were no satisfac-
tory engines in the United States suitable for use against the enemy.
Foreign aviation missions in Washington during the spring of
1917 agreed that a 225 h.p. engine should be developed for use in
the following year. Three months later it was evident that a 330 h.p.
engine would be required if aircraft of the AEF were to compete
successfully with the enemy.® The Liberty engine was initially de-
signed to meet the 225 h.p. requirement. Before the war ended the
original 8-cylinder engine had been expanded into a 12-cylinder
model. The power rating of the Liberty 12 jumped in several incre-
ments from 330 h.p. to a final model at the end of the war rated at
440 h.p.” Each increase in power involved redesign, prolonged test-
ing, and delays in production. At the same time, each additional
increase in horsepower rating widened the margin of superiority
m combat.

Almost from the very beginning of the war it was clear to of-
ficials in the United States that the pace of increases in horsepower
would be the pace of development in aircraft. The decision to
utilize the Liberty engine, an admittedly experimental type, was
a decision made with full appreciation of the necessity for design-
ing well ahead of the course of events in Europe. To build exact
copies of the foreign types available when the United States de-
clared war would have meant providing obsolete aircraft for the
AEF. The time involved in transmitting drawings and physical
samples from Europe and the time spent in getting production
under way in the United States would inevitably amount to at least
several months. That the 225 h.p. engines recommended for pro-
duction in April and May of 1917 were considered inadequate a
mere three months later is in itself evidence of the wisdom of the
decision to use Liberty engines rather than foreign models. Fur-
thermore, the decision of the authorities to use the standard Liberty
engine for all types of tactical aircraft manufactured in the United
States, or whenever possible, was a decision to foster output in
quantity. Standardization is the essence of mass production. To
standardize is to simplify. Not only does standardization simplify

6. Mixter and Emmons, dircraft Production Facts, p. 16 n. 1. At the time the
United States entered the war, Allied engines then in use seldom developed more
than 150 h.p. The British were even then striving to produce 200 h.p. engines in
quantity. H. A. Jones, The War in the Air (6 vols., 2-6; Oxford, Clarendon Press,

1928-37), Vol. 6, chap. ii.
7. Mixter and Emmons, dircraft Production Facts, pp. 11, 21.
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tooling, training of labor, and manufacturing operations, but
maintenance in the field and distribution of spare parts are vastly
facilitated as well.

Thus far, the officials were consistent. Their decisions showed a
recognition of the importance of superiority in design and at the
same time the equally important factor of production in quantity.
The problem of producing superior airplanes in wartime was, un-
fortunately, not quite so readily solved. As all designers knew,
airframes are planned around engines. The power plant is the
heart of the aircraft. To standardize with one engine was to force
all designs to conform to the limitations and characteristics of that
one engine regardless of the functions to be performed by the air-
plane. When a standardized engine was imposed upon designers
of aircraft, long-range night-bombers were limited to the same
power plant used by low-flying observation aircraft. To stand-
ardize was to stultify creative design and the development of air-
craft as a whole.8 The investigating committee of the Senate recog-
nized the facts of this situation but failed to take the next logical
step and resolve these facts into an explanation of the underlying
difficulty during the war.®

The problem of the Liberty engine was typical of the larger
problem of aircraft production as a whole. Standardization and
superior weapons involve a conflict of policies representing mutu-
ally exclusive ends. The objectives of more weapons and of better
weapons tend to pull in opposite directions. The extent to which
officials in charge of aviation recognized the contest of objectives
would determine, to a large extent, the results achieved in manu-
facturing aircraft for the AEF.

By the end of 1917 officers in the War Department at large ap-
peared to recognize the presence of the forces of both standardiza-
tion and development. “Aviation science,” the Chief of Staff re-
ported, “is advancing by leaps and bounds.” The aircraft of
“today,” he said, is obsolete “tomorrow.” At the same time the
chief praised the Bureau of Standards for perfecting a scheme of
standardization which avoided “the absurd condition previously

8. The stultifying influence of the standardized Liberty engine was somewhat
mitigated by the circumstance that other engines actually were developed and manu-
factured in the United States in spite of the policy of standardization. During the
1920’s Liberty engines in surplus stock retarded aircraft development so seriously
that Congress finally arbitrarily forbade their use. See AAF Historical Study No.
44, “Evolution of the Liaison-type Airplane, 1917-1944,” chap. i, May 1948, AAF
Archive.

9. dircraft Production in the United States, Senate Report No. 555, p. 8.
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existing” wherein thousands of different parts for every type of
aircraft clogged the industries of the nation.!® In his final report
at the end of the war the Chief Signal Officer, if not the entire War
Department, was ready to attribute the disappointments in pro-
duction to the failure to standardize. One of the “serious mistakes”
of the war, he believed, was the “multiplicity of types” developed.
On the other hand, he lauded the whole conception of a single
standard engine as an outstanding achievement. The celebrations
of October 1918 in Detroit, when the ten-thousandth Liberty en-
gine rolled off the production line, appeared to give the Signal
Corps a sense of great accomplishment.!* It may be argued that
the report was pleading a cause inasmuch as the Chief Signal Of-
ficer had been involved in the decision to standardize the Liberty.
But if the Chief Signal Officer’s sense of triumph was special
pleading, his case was not without support.

Throughout the first six months of 1918 the demands from the
front were for aircraft in quantity; they did not stress quality.
In July 1918 the Chief of the Air Service, AEF, laid down a policy
which expressed in a single sentence the point of view of the fight-
ing front more sucecinctly than a dozen cabled discussions: “Im-
provements are good but production is better.” 12 The sense of
urgency raised by repeated demands from the front tended to place
an abnormal emphasis on production and hence upon standardiza-
tion at the expense of improvement in design. Had the War De-
partment concentrated upon production in quantity, manufactur-
ing exact copies of aircraft and engines from designs on hand in
April 1917, there is little doubt that the numbers of aircraft desired
on the front would have been available. But if that course had been
taken there is equally little doubt that the protests from the front
would have been loud and long that obsolete aircraft were worse
than none at all, were, in fact, suicidal. Resolution of the contest
of weapons of superior performance vs. weapons standardized for

10. Report of Chief of Staff, 4nnual Reports of the War Department, 1917, 1,
187.

11. Report of Chief Signal Officer, 4nnual Reports of the War Department, 1918,
1, 1075-9.

12. A.S,, AEF, Memo No. 21, 15 J uly 1918, quoted in H. A. Toulmin, 4ir Service,
American Expeditionary Force, 1918 (New York, D. Van Nostrand, 1927), p.
144. Toulmin, although he had access to the facts, utterly fails to understand the
problem of performance vs. production and repeats Lloyd George’s charge that
pride led the United States to develop the Liberty. Toulmin places the blame upon
“personal vanity of designers and production men” and a “provincial but natural
pride,” p. 143.
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mass production was never so simple as the critics on the front
seemed to think.!®

Months before the United States entered the war the British
had learned the lesson that standardization brings stultification.
The War Office, influenced no doubt by officials at the Royal Air-
craft Factory at Farnborough, standardized on the 75-mph BE,
or Blériot Experimental aircraft, as a type for combat. As a re-
sult of the refusal to accept or at least encourage competitive
development by private manufacturers, the 75-mph British air-
plane became easy prey, “Fokker Fodder,” when the Germans ap-
peared along the front with the 100-mph Fokker aircraft. By 1916
the War Office knew the price of standardization and thereafter
actively encouraged the development of new designs.!* The British
had learned, as Chief Justice Holmes once said, “T'o rest upon a
certainty is a slumber which, prolonged, brings death.”

Standardization may be the birth of production, but it is at
the same time the death of development. As one officer in the AEF
described the condition, the types of aircraft required at the front
“changed more rapidly than women’s millinery.” The following
chart, indicating the number of different types of aircraft devel-
oped by the Powers during World War I to fulfill three basic
military functions of the air arm, clearly reveals the high rate of
flux in design in the contest for superior performance.*®

13. Typical of the combat aviator’s attitude was the following complaint: “There
was a notable lack of cooperation . . . as shown by the failure of the Technical Sec-
tion to adopt improvements suggested by commanders who had learned from ex-
perience that such improvements were essential to efficient operations.” “Tactical
History of American Day Bombardment Aviation,” p. 28 (undated, ca. 1919), NA,
WWI Orgn. Records, A.S. Hist. Records Box 1. While the organization for translat-
ing ideas into weapons was certainly faulty, even the best of organizations would
have been unable to effect the miracles demanded by some tactical commanders.
For an example of the evil influence of obsolete or inferior equipment on morale, see
Jones, The War in the Air, 6, 86.

14. C. G. Grey, The History of Combat Airplanes (Northfield, Vt, Norwich
University, 1941), pp. 8-12, and 4 History of the dir Ministry (London, G. Allen
and Unwin, 1940), pp. 40-1, 51, 61-2. W. A. Raleigh, The War in the dir (Oxford,
Clarendon Press, 1922), 1, 426, 429, and H. A. Jones, The War in the Adir (5 vols.,
2-8; Oxford, Clarendon Press, 1928-37), 2, 261, discuss the BE but ignore the full
implications of the problem. Jones states (3, 267) that three-quarters of the RFC
squadrons in France at the beginning of 1916 were equipped with a standardized BE
aircraft which was inferior to the Fokker.

15. E. S. Gorrell, “The Council of Errors,” address before Virginia Military In-
stitute, 13 Feb. 1941, and “What, No Airplanes?’ Journal of dir Law and Com-
merce (Jan, 1941), p. 18. See also “Final Report of the Chief of the Air Service,
AEF,” dir Service Information Circular, 2, No. 180 (15 Feb. 1921), 87-8. The
figures shown include different models (representing major modifications of types)
as well as different types.»
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NuxBer oF TyPes DEVELOPED 1N BEACH OF
THE FoLLowiNge CATEGORIES

Observation Pursuit Day Bombers Night Bombers

United Kingdom 20 27 10 10
France 22 81 7 4
Italy 1 13 4 7
Germany 10 12 —_ 6

In the light of the almost fantastically rapid obsolescence shown
above, the standard Liberty engine must be appraised as neither a
triumph nor a failure. The Liberty engine epitomizes the problem
of aircraft in wartime. Insofar as the Liberty was turred out in
quantity—over 15,000 by November 1918—the engine was a suc-
cess in production.!’® Moreover, since the Liberty 12 was modified
to increase its output in horsepower progressively from 330-h.p.
to 440-h.p., the engine was a success in design capable of expanding
its margin of performance to maintain superiority in combat.!?
The contest between the objective of mass production and the ob-
Jective of superior or improved performance resulted in a satis-
factory working compromise where the Liberty engine was con-
cerned. In the struggle for more weapons and for better weapons a
balance had to be obtained. The program of the War Department
for producing aircraft during World War I was a failure to the
extent that it did not attain in production of airframes the same
balance between numbers and improvement accomplished with the
Liberty engine.

The automotive industry which produced the Liberty engine was
well established and fully operating when the war came. The or-
ganization which made the decision to use the Liberty engine, or
misuse it, had no such foundation. Neither the handful of officers in
the Aviation Section of the Signal Corps nor the minute aircraft
industry had had at the outbreak of war any significant experience
in production, administrative organization, or the development of
airplanes for combat. The results achieved were commensurate with
the inadequacies of the organization. A résumé of wartime produc-
tion reveals just how inadequate the organization really was.

The British Bristol fighter was one of the three British aircraft
selected by the Bolling Mission for production in the United States.
A sample aircraft arrived in New York on 25 August 1917. Ten
days later it reached Washington where Lt. Col. V. E. Clark, who
had just returned from Europe, made preliminary. drawings, re-

16. Mixter and Emmons, direraft Production Facts, p. 25,
17, Ibid., p. 23.
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designing the airframe to use a Liberty engine. The Liberty, rated
at 400 h.p. in contrast to the 275 h.p. engine conventionally
utilized in the Bristol, was a larger and heavier power-plant and
required a considerable amount of modification in the airframe to
be adapted successfully.® While the redesign of the Bristol fighter
was in process, the Equipment Division of the Signal Corps signed
a contract for 2,000 Bristols with the Curtiss Airplane and Motor
Corporation, at that time the largest builder of aircraft in the
United States. During the first week of November 1917, military
officials sent both the British sample aircraft and the drawings con-
verting the Bristol for use with the Liberty engine to the Curtiss
factory. By the end of the month construction had actually begun
on the first item. So energetically was the work pushed that an air-
craft was completed for a flight test before the end of January
1918.

The Bristol with Liberty engine proved to have a number of
faults which engineers at the Curtiss plant set out to eliminate by
redesign. Meanwhile, preparations went ahead for production of
the 2,000 items on contract. In their successive attempts to redesign
the Bristol to carry the Liberty, engineers of the Signal Corps and
Curtiss staff increased the over-all weight of the aircraft. Since
the wing area was not changed, the wing-loading, or pounds per
square foot of wing area, increased alarmingly. Twenty-six Bristols
were manufactured, but those which were given flight tests crashed.
During July 1918, the War Department canceled the Bristol con-
tract after spending more than six millions.!® This loss in money
was probably insignificant in comparison with the loss in time.
After 15 months of war, no fighter aircraft had reached production
in the United States. In converting the Bristol for use with the
Liberty engine, aviation officials had gambled in the hope of secur-
ing an aircraft of superior performance rather than turning out
exact copies of British designs in large numbers. The gamble
failed.

The story of the French SPAD, a fighter selected by the Bolling
Mission, parallels that of the Bristol. Arriving in the United
States in September 1917, the sample SPAD was shipped directly
to the Curtiss factory in Buffalo, New York. The manufacturer
had no sooner received an order for 8,000 single-place SPAD fight-

18. Ibid., p. 49.

19. O. L. Brockett, “History of the Bristol Fighter,” 1919, and documentary data
compiled in preparation of this document, NA, BAP Hist. Box 20, 452.1 Bristol
Aircraft. See also dircraft Production in the United States, Senate Report No.
555, pp. 2, 5, and Report on dircraft Surveys . . . , House Document No. 621, p. 4.
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ers and begun to prepare for production than a cancellation ar-
rived. The whole project stopped.

A number of factors probably entered into the decision to can-
cel the order for SPADS. Lieutenant Colonel Clark believed it
would be impossible to convert the SPAD to carry a Liberty engine.
Also, repeated cables from the AEF questioned the value of single-
place fighters.?® During December 1917 a cable sent from abroad,
probably without knowledge of the order canceling the SPADS,
recommended that effort in the United States should be concen-
trated on aircraft “already on our program.” A further recommen-
dation that the United States should “leave production of single-
place fighters to Europe” served only to compound the confusion
and confirm the probable error.2!

In February 1918, when French sources proved unable to meet
the demand, cables from the AEF requested 1,000 SPADS “for
earliest possible delivery to France.” In April 1918, a full year
after the United States entered the war, subsequent dispatches
from the AEF directed “immediate preparations for the produc-
tion of single-seater machines.” 22 At the end of April, Curtiss re-
ceived a contract for 1,000 SE-5 aircraft, the British version of the
French SPAD fighter. This meant beginning all over again, start-
ing at the point where the previous contracts to manufacture
SPADS had begun eight months earlier. But of course the new
model never reached production before the Armistice.23 The ab-
sence of adequate information and machinery for making decisions
seemed never more apparent.

When the war ended with neither the SPAD nor the Bristol in
production, the United States had no fighter aircraft on the front
other than those secured from foreign sources. With the British
DH-4, the observation aircraft selected by the Bolling Mission
for production in the United States, the achievement was quite
different. By the time the Bolling Mission broke up and Lt. Col.
V. E. Clark returned home, the DH-4 had already become ob-

20. See, for example, Copy, Pershing cable, 5 Oct. 1917, NA, BAP Hist. Box 25,
SPAD file, and Hughes Report, 25 Oct. 1918, dutomotive Industries; The Automo-
bils, 39, No. 18, (31 Oct. 1918), 745 ff.

21. Copy, Pershing cable No. 375, 14 Dec. 1917, NA, BAP Hist. Box 25, SPAD

le.

22. Pershing cables No. 589, 10 Feb. 1918, and No. 916, 19 April 1918, among
others, NA, BAP Hist. Box 25, SPAD file.

23. Testimony of Maj. B. D. Foulois, War Expenditures, House Hearings, 66
Cong. 1 Sess,, Serial 2, Pt. 6, 6 Aug. 1919, pp. 878-9; Aircraft Production in the
United States, Senate Report No. 555, p- 2; and J. A. Beck, “Investigations,” Sept.
1919, NA, BAP Hist. Box 8, 3833.5 Investigations, General,
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solescent.?* A subsequent model, the DH-9, was beginning to re-
place the DH-4 in British production, and Colonel Clark recom-
mended manufacture of the more advanced design.?® Unfortunately
the only sample aircraft available in the United States was a DH-4
and not a DH-9. This sample had actually reached New York be-
fore the Bolling Mission finally decided upon the DH-4 as an
official selection. But this forehandedness and spirit of cooperation
on the part of the British were, as things turned out, to prove a
misfortune. During August 1917 the sample DH-4 was shipped
to the Dayton-Wright Airplane Company in Ohio where engineers
began preliminary studies to convert the aircraft for use with the
Liberty engine. When Colonel Bolling learned in France of a plan
to manufacture 2,000 DH-9 aircraft for observation, he promptly
cabled back that the number should be doubled. By the end of
September 1917 it was anticipated that production on 4,000 DH-9
aircraft would begin in about three months. But at that date there
was no DH-9 in the United States. None arrived until February
1918.

At best, planning for the production of observation aircraft in
the United States was confused in the fall of 1917. Just how con-
fused the whole matter was is amply illustrated by the following of-
ficially approved programs, each superseding the one before it.2¢

ComrarisoNn oF DH-4 axp DH-9 ProeramMs
SHmowiNne CHANGES 1IN GoaLrLs For PrRODUCTION

DH-4 Aircraft DH-9 dircraft
2 Aug. 1917 17,000
22 Aug. 1917 5,000
25 Aug. 1917 15,000
31 Aug. 1917 6,000

4 Sept. 1917 15,000 5 Sept. 1917 2,000
17 Oct. 1917 250 9 Oct. 1917 4,000
29 Oct. 1917 1,000 29 Oct. 1917 17,000
11 Feb. 1918 4,500 1 Feb. 1918 5,400

The wide variations in the numbers of aircraft believed to be re-
quired as reflected in the successive programs above reveal the ab-

24. Adireraft Production, Hearings before subcommittee of Senate Military Af-
fairs Committee, 65 Cong. 2 Sess., 15 July 1918, 2, 755; and Hughes Report, 4utomo-
tive Industries; the Automobile, 39, No. 18, 750-10, 11.

25. British DH-4 production in the last quarter of 1917 was 427, DH-9 produc-
tion was 5; however, in the first quarter of 1918 DH-9 production was 831, almost
equal to DH-4 production, which amounted to 852. In the second quarter of 1918
only 70 DH-4’s were produced in the United Kingdom against 1,156 DH-9’s. Jones,
The War in the Air, Vol. 3, App. VIL

26. Hughes Report, p. 750-13. Not all fluctuations in the program are shown.
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sence of a single comprehensive system of control over quantity.
Likewise, the approved programs give no indication of control
over quality, that is, production of the superior design (DH-9)
to supersede its forerunner (DH-4) when possible. Expedience
rather than planning seems to have been the order of the day.

In February 1918 officials in charge of production for the Equip-
ment Division of the Signal Corps canceled the entire DH-9 pro-
gram to concentrate upon the DH-4. Undoubtedly the delayed ar-
rival of the DH-9 from England contributed to this decision. That
no tactical aircraft of any type had been turned out in quantity
in the United States after 10 months of war was probably also a
factor. The real significance of the decision to produce the DH-4
rather than the DH-9 lay in that it was made by officials in charge
of production without reference to the tactical elements of the
service in combat.??

The DH-9 contracts were converted to cover production of the
DH-4 instead. Two manufacturers, the Dayton-Wright Airplane
Company and the Fisher Body Corporation, undertook to manu-
facture the aircraft in mass production. The manufacturers were
successful in converting the DeHaviland design to carry a standard
Liberty engine, and a flight test of the converted model was first
made in October 1917. But the initial promise of the converted
DH-4 was illusory. Although the redesign of the engine worked out
satisfactorily, accessory equipment proved troublesome. The origi-
nal sample DH-4 received in the United States had been designed
for British armament and accessory equipment. In the mounting of
machine guns manufactured in the United States, a number of
small but vexing problems involving redesign of the cowling were
encountered. Similarly, it was discovered that the synchronizing
or interrupter gear for the machine guns had not been manufac-
tured to fit the most recent model of the Liberty engine. This in-
volved time-consuming rework during assembly. The same story
was repeated in the instance of the special generator to supply
power for the pilot’s heated suit. Each problem retarded the be-
ginning of actual mass production.

The charge that the Liberty engine delayed the program of
construction was not substantiated. In May 1918 when the manu-
facture of the DH-4 in quantity finally did begin, the rate of pro-
duction on Liberty engines was well in advance of the assembly
of aircraft. The following table shows that the DH-4 ultimately
did reach mass production.?®

27. Ibid., p. 150-15.
28. Mixter and Emmons, dircraft Production Facts, p. 48.
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PropvpvcTioN oF THE DH-4 1x THE UNXITED STATES

Feb. 1918 9

March 1918 4

April 1918 15 (first production models)
May 1918 153

June 1918 836

July 1918 484

Aug. 1918 224 (including 100 sets of spares)
Sept. 1918 757 (including 100 sets of spares)
Oct. 1918 1,097

Nov. 1918 1,072

Some of the first DH-4 aircraft were shipped to France where
they arrived in May 1918. Sizable shipments, though, did not be-
gin until the following month, and it was not until August that the
first squadron of aircraft built in the United States actually crossed
the enemy’s lines. The reasons behind this protracted delay were
manifold. The first group of aircraft to arrive was not equipped
with armament. Facilities had to be made ready and an organiza-
tion evolved to mount the armament before the Air Service of the
AEF could become a fighting force. But more important than the
problems of assembly in the field were the shortcomings intrinsic
in the DH-4 itself.2®

When the British DH-4 first began to appear in numbers on
the front during the spring of 1917, its performance surpassed
that of aircraft then in use. When the first squadron of the Air
Service, AEF, went into combat in 1918, the DH-4 had itself been
surpassed long since by aircraft of superior performance. Officers
in the Air Service cabled from France that the DH-4 would not be
acceptable for use in combat without drastic modification. Never-
theless, in the United States production was rolling, and shiploads
of DH-4’s continued to reach France over the protests of the
AEF.3° By the late summer of 1918, opinions as to the roles of pro-
duction and operations were almost diametrically opposite to those
held several months earlier. Then, the decisions made by the officials
controlling production appeared to favor performance or quality
while tactical units in the field demanded quantity. When at last
aircraft in numbers did begin to arrive, the emphasis of the protest
from the field shifted sharply to performance.

The charge of one engineer that the Bureau of Aircraft Pro-
duction “railroaded” the DH-4 into production rather than the

29. “Final Report of the Chief of Air Service, AEF,” Air Service Information

Circular, 2, No. 180 (15 Feb. 1921), 21, 26, 40, 70.
380. dircraft Production in the United States, Senate Report No, 555, p. 8.
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DH-9 may have been only a half-truth.3! It is apparent, however,
that the necessity for making a showing exerted a tremendous pres-
sure upon officials in charge of production.®? The fault, of course,
could never be laid entirely to these authorities. Some of the
blame lay with the AEF. In June 1918 technical decisions on
modifications in the DH-4 were going all the way up to the Chief
of the Air Service, AEF, for approval in the absence of a properly
constituted agency to deal with the problem.®* Suggestions for
modifying the DH-4 were thus slow in reaching the United States.
There were, to be sure, officials who testified after the war that
they knew all along that the DH-4 was inferior to the DH-9, but,
significantly, they did little about it when the critical decision was
made.

Colonel E. 8. Gorrell, one of the two army aeronautical engineers
with the Bolling Mission, declared that the DH-4 had been from
the very beginning a stopgap for the DH-9.3¢ The other army en-
gineer with the mission, Lt. Col. V. E. Clark, asserted that the
DH-4 had been put into production “simply because it was neces-
sary to make an immediate showing,” even though the authorities
were “fully conscious” that the DH-9 was a better aircraft.’s It
might well be argued that these two officers were pleading defen-
sively, trying to explain their failure to emphasize the stopgap
nature of the DH-4 at the time of the original or Bolling report
which shaped policy. The Chief of the Air Service, AEF, was not
so suspect. As he was an outsider who took command in May 1918
from an entirely different arm of the service, his testimony that
the DH-4 was obsolete and used only until the DH-9 could be put
into production was probably free from defensive bias.3® As late

8L Notes on conversation with Lt. Col. V. E. Clark by R. M. McFarland at Mec-~
Cook Field, Dayton, Ohio, 2 March 1919, NA, BAP Hist. Box 20, 452.1 Airplanes,
General,

82. P. C. March in The Nation at War (Garden City, N.Y., Doubleday, Doran,
1932), p. 207, claims that Assistant Secretary of War J. D. Ryan’s contribution to
production was to promise that there would be “no more changes authorized,” thus
implying that the seat of the trouble was the AEF. March’s contention would, by
inference, place Ryan in the light of utterly failing to grasp the importance of per-
formance vs. numbers, a charge not substantiated.

33. Memo, Maj. H. A. Toulmin to Brig. Gen. M. M. Patrick, 8 June 1918, cited
in Toulmin, 4ir Service, AEF, pp. 87-8.

84, Testimony of Col. E. S. Gorrell, War Expenditures, House Hearings, 66 Cong.
1 Sess., Serial 2, Pt. 6, 4 Aug. 1919, p. 211.

85. Notes on conversation with Col. V. E. Clark by R. M. McFarland, 2 March
1919, NA, BAP Hist. Box 20, 452.1 Airplanes, General.

86. Testimony of Col. M. M. Patrick, War Ezpenditures, House Hearings, 66
Cong. 1 Sess., Serial 2, Pt. 4, 4 Aug. 1919, pPp. 221-2. See also Testimony of Mayj.
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as August 1918 the DH-9 was still in the stage of flight testing in
the United States. The decision to go into production was yet un-
made.3”

In the final analysis, the measure of achievement of the aerial
weapon must always be determined by the number of superior air-
craft available for use in combat and actually on the front. When
the war ended, the Air Service, AEF, consisted of 20 pursuit squad-
rons, 24 observation squadrons, some of which were serving as day-
bombers, and one lone squadron of long-range night or strategic
bombers.?® At first glance this array is more impressive than the
facts warrant. Of the total number of aircraft received by the AEF
up to the Armistice, 6,287 in all, a large proportion were of foreign
origin. The following table indicates the comparatively small con-
tribution from production in the United States.

From French sources 4,791
From British sources 261
From Italian sources 19
From U.S. sources 1,216

Of the aircraft contributed by the United States, all but three odd
experimental items were DH-4’s. Only 960 of these were actually

at the front; the remainder were being used at training bases in
the theater.3®

B. D. Foulois, War Expenditures, House Hearings, 66 Cong. 1 Sess., Serial 2, Pt. 6,
6 Aug. 1919, pp. 367-8.

81. Aircraft Production in the United States, Senate Report No. 555, p. 9 Some
6,000 DH-9’s (called US-9) were placed on contract, but none was completed by the
war’s end. See Report on Aircraft Surveys . . . , House Document No. 621, p. 7.
Compare this with the 1,156 British DH-9’s produced in the second quarter of 1918.
See Jones, The War in the dir, Vol. 8, App. VIL

88. To avoid confusion the DH-4 has here been consistently labeled as an observa-
tion aircraft. Army-cooperation or service aircraft might be more exact definitions,
but the terms are less well known. In general, the DH-4 was used for observation,
infantry contact-patrol, artillery fire-control, and short-range or tactical day-
bombing. The type lacked the speed and other performance characteristics of pur-
suit or fighter aircraft and the range and bomb-carrying capacity of the strategic
night-bomber. “Progress Report of Air Service Activities, AEF, as of 11 Nov.
1918,” p. 1, 30 Nov. 1918, Air Service Exec. Sect., AEF, National War College
Library, UG576.3.

39. E. S. Gorrell, The Measure of America’s World War Aeronautical Effort
(Northfield, Vt., Norwich University, 1940), p. 35. Gorrell’s figures, based on data
compiled by the Air Service, AEF, vary slightly from those of Mixter and Emmons,
Aircraft Production Facts, p. 58, quoting from General Staff Statistics Branch, Re-
port No. 91. Gorrell also differs from the Secretary of War, Annual Reports of the
War Department, 1918, 1, 52-3. Gorrell’s figures are probably more nearly correct.
However, Jones, The War in the Air, 6, 81, puts the British contribution at 320.
This figure may include items sent to the United States as well as to the AEF.
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A summary of the development of military aircraft in the United
States is scarcely praiseworthy. In November 1918 there were no
fighter aircraft in the Air Service, AEF, save those procured from
foreign sources.*® There was a relatively large number of observa-
tion aircraft at the front, but these were of inferior performance
and dangerously obsolete. The officials responsible for developing
the aerial weapon of the United States had failed to achieve the
necessary balance between superior performance and mass produc-
tion. In their efforts to perfect a superior fighter they produced
none at all.

40. The performance of the French-supplied fighter aircraft may not have been
so inferior as charged by a witness before the Senate Military Affairs Committee
who described the planes as “antiquated” and already “discarded” by the French
themselves. But it is safe to assume that the foreign aircraft procured by the U.S.

were not exclusively the best produced. See dircraft Production in the United
States, Senate Report No. 555, p. 10.



Chapter VIII. The Development of Air
Weapons: Bombers

THE DOCTRINE OF aerial warfare, or the approved concept of the
military functions to be carried out by the aircraft sent to France,
imposed few difficulties in the case of aircraft for observation and
pursuit. Both functions were almost universally accepted in mili-
tary circles, the one to serve as “the eyes of the army,” the other
to defend the “eyes” from enemy attack and prevent enemy ob-
servers from performing the same operation. On the other hand,
doctrine regarding the employment of bombing aircraft had never
been clearly defined or generally accepted in military circles. As a
consequence, the uncertain status of doctrine on bombardment
exerted an overwhelming influence upon the production of bombers.

The military organization for providing aerial weapons had
shown itself deficient in supplying aircraft where doctrine con-
stituted no real problem. Where doctrine was in doubt, the mili-
tary organization for supplying aircraft was to prove even more
deficient. To help in measuring the achievement of that organiza-
tion in producing bombers during World War I it will be con-
venient to review briefly the evolution of bombardment aviation.
After the outbreak of war in Europe during August 1914 and be-
fore the United States entered the war in April 1917, aerial doc-
trine underwent a revolutionary development in the armies of the
warring Powers. Unfortunately, the security measures of the com-
batants coupled with an inadequate system of liaison left the United
States in a situation of technical as well as political isolation. While
the concept of aerial warfare leaped ahead in Europe, the United
States followed gropingly. Doctrine in the Signal Corps was the
product of two factors: extremely limited operational experience
with a handful of training aircraft and domestic interpretations
of the scanty reports of military attachés.

By 1915 the war in Europe made it clear that aircraft could be
employed to perform a number of functions including reconnais-
sance, prevention of enemy reconnaissance, artillery fire-control or
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ad justment, transportation, and the destruction of enemy materiel
and personnel. Not all of these missions were considered of equal im-
portance by military officers in the United States. The Chief Sig-
nal Officer, who was directly responsible for the development of the
air weapon, reported in 1915 that “the useful, approved, and most
important work of aircraft” was to be found “chiefly in recon-
naissance.” * He dismissed the defensive and transport roles of air-
craft in a single sentence as “obvious.” The question of bombard-
ment and the offensive role of aircraft, broadly considered, he
treated circumspectly. “Whatever may be the opinion of military
men as regards the offensive importance of aircraft . . . there is
no longer a question as to the value of the aeroplanein . . . recon-
naissance work . . .” 2 This expression of doctrine reflected the
opinion of the Signal Corps until April 1917.

When the United States entered the European war there may
have been no fixed opinion throughout the army regarding the rela-
tive importance of observation, pursuit, and bombing aircraft.
Nevertheless, in the Signal Corps there was a marked predisposi-
tion to inflate the function of observation at the expense of all
others. And the Signal Corps was in a position to determine al-
most entirely the nature of the aerial force to be developed. The
reader will recall from Chapter 3 that the arrival of a cable from
Premier Ribot in France suddenly precipitated an aircraft pro-
gram for the United States. The program established a target for
production expressed entirely in terms of numbers. The cable, as
received, failed to include any information regarding the propor-
tion of functional types of aircraft to be provided. As a conse-
quence, determination of the relative weight of squadrons for
pursuit, observation, and bombardment in the new air force fell
entirely to the initiative of officials in the United States. Since the
prevailing doctrine of the Signal Corps regarding aerial warfare
favored reconnaissance, it was only natural that these officials al-
located to aircraft for observation and to pursuits for the defense
of observation a dominant proportion or nearly 89 per cent of the
total program.3

When the Bolling Mission went to Europe, the members of
the group were greatly impressed with the potentialities of bom-

1. The Service of Information, United States Army, Office of Chief Signal Officer,
Circular No. 8, 1915, p. 23.

2. Ibid., pp. 21-8.
8. Joint Army-Navy Technical Board to Secretary of War, 29 May 1917, NA,

BAP Misc. Hist. Box 1, 3821.9 A.S., Training. The JANTB proposal specified 3,000
observation, 5,000 fighter, and 1,000 bombing aircraft in the tactical force.
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bardment. The official report of the mission in August 1917 favored
a policy specifying, first, training aircraft; second, aircraft for
close-support or tactical cooperation with the ground forces; and
third, a strategic offensive force made up of all excess over the
first two categories. In the early fall of 1917 Colonel Bolling noted
that it was the “settled conviction” of the mission that the im-
portance of “bombing operations with direct military ends in view”
could not be exaggerated.t Lieutenant Colonel V. E. Clark took an
even stronger position, declaring that intensified night bombing
would “put an end to the war far more quickly than sending one
or two million men to line the trenches.” Major E. S. Gorrell was
even more specific in assessing the role of bombardment. He felt
that the Air Service, AEF, would be certain to wreak “immense
destruction” upon German morale and materiel if it could place in
the field a sufficiently large number of night-bombers to carry out
a “systematic bombardment” of Germany. Major Gorrell left little
doubt as to the importance he attached to bombardment:

This is not a phantom nor a dream, but is a huge reality
capable of being carried out with success if the United
States will only carry on a sufficiently large campaign for
next year, and manufacture the types of airplanes that
lend themselves to this campaign, instead of building pur-
suit planes already out of date here in Europe.

He considered the 1,000 bombers planned in the official program
in the United States a sadly deficient number. A force ranging
from 8,000 to 6,000 bombers, he believed, would be far more ade-
quate.’

A bombing force of 6,000 aircraft would have represented a
complete reversal of official policy. Where the program of produc-
tion approved by the General Staff stipulated aircraft for pur-
suit, observation, and bombardment in the ratio of 5:3:1, Major
Gorrell’s proposal would substitute a ratio of 5:3:6, giving a
preponderant weight to the offensive character of the air arm. Gor-

4. Bolling message of 4 Sept. 1917 quoted in A. B. Gregg, “History of the Caproni
Biplane,” 1919, NA, BAP Hist. Box 21, 452.1 Caproni History; and Memo, Lt. Col.
V. E. Clark to Chief Signal Officer, 12 Sept. 1917, reprinted in direraft Production,
Hearings before subcommittee of Senate Military Affairs Coramittee, 65 Cong. 2
Sess., 15 July 1918, 2, 799.

5. Copy, memo, Maj. E. S. Gorrell to Col. R. C. Bolling, 15 Oct. 1917, and Cable
No. 96, Bolling to Chief Signal Officer, 13 Aug. 1917, NA, BAP Hist. Box 21, 452.1
Caproni Contract. See also Memo, Lt. Col. V. E. Clark to Chief Signal Officer, 12
Sept. 1917, in Aircraft Production, Hearings . . . Senate Military Affairs Com-
mittee, 65 Cong. 2 Sess,, 15 July 1918, 2, 799.
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rell’s recommendations, like those of the other members of the
Bolling Mission, may have been factors influencing official policy,
but they did not become official policy. For that matter, neither
did the approved program of the General Staff long remain the
accepted plan. By the middle of October 1917 the Air Service,
AEF, had drafted a program which determined the character of
the air arm along somewhat different lines from those in the original
program prepared in Washington. Where the original or approved
program of the General Staff had proposed a force in which air-
craft for pursuit, observation, and bombardment were to be sup-
plied in the ratio of 5:8:1, the program of the AEF specified a
ratio of 3:2:1%.

"The approved program of the Air Service, AEF, detailing the
composition of the air arm by relative proportion of functional
types, underwent a large number of transformations and permuta-
tions before aircraft were actually received from the United States.
In January 1918 officials of the AEF appeared to accept in prin-
ciple the original program of the General Staff. In place of the
earlier ratio, approved by the AEF, of 5:3:1 for pursuit, observa-
tion, and bombardment, the revised program of the AEF sub-
stituted the nearly comparable ratio, 6:2:1. This was not to re-
main the accepted expression of doctrine for long. After a number
of alterations in the official program the Air Service, AEF, issued
a plan in June 1918 which was radically different from all those
previously prepared. This new program increased the offensive
force at the expense of aircraft for observation, making a new ratio
in pursuit, observation, and bombardment of 3:1:2% in the air
arm.®

The violent changes in the AEF’s programs which occurred be-
tween October 1917 and June 1918 obviously did not stem from
experience in combat. The AEF had in France no more than a
handful of American-built aircraft by the beginning of June 1918.
At that time the Air Service consisted of but five squadrons
equipped with aircraft of foreign manufacture.” Since the five
squadrons did not include a single one for bombardment, it is ap-
parent that Allied operations outside the AEF accounted for the

6. See above, Chapter 8, and “Formulation and Distribution of Programs,” Table
X11, Sept. 1919, NA, BAP Hist, Box 9, 834.8 Overseas Missions.

7. E. 8. Gorrell, The Measure of America’s World War Aeronautical Effort
(Northfield, Vt., Norwich University, 1940), p. 30. See also “Final Report of the

Chief of Air Service, AEF,” Adir Service Information Circular, 2, No, 180 (15
Feb. 1921), 5.
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doctrinal changes implied by the successive official programs for
aviation. The evolution of British doctrine appears to have in-
fluenced thinking in the AEF.

In the summer of 1916 British units based near Belfort con-
ducted strategic bombing attacks against the German industrial
area of the Saar. These limited operations were curtailed early in
1917 when Sir Douglas Haig, commander-in-chief of the British
troops in France, requested the services of the units for close-
support with the British ground forces.® But just about the time
this action took place, German air raids on London brought the
whole question of strategic doctrine to a head.

The Chief of the Imperial General Staff threw the question of
the aerial weapon into sharp focus when he proposed an increase
in the strength of British aviation, even at the expense of other
weapons. Any such expansion would inevitably lead to conflict with
the existing services. The War Cabinet, with remarkable clarity
of purpose, established a Priorities Committee giving aviation a
voice in an echelon comparable to those of the army and navy. This
preliminary step in the fall of 1917 led to the formation of the
Air Ministry at the end of the year.? By creating the Air Ministry
the British government established an organization with effective
authority to execute a strategic doctrine. This doctrine had been
formulated partly by projection of limited British operational
experience and partly as a result of German proddings in the form
of demoralizing raids over London. Sir William Weir, Secretary
of State for the newly formed Royal Air Force, summed up the
doctrine of the Ministry succinctly in pointing out that “continu-
ous bombing of German industrial centers” presented ‘“very im-
portant possibilities” and that valuable results might be obtained
even with the small forces available. The Ministry contended that
the German economy was a profitable target fully justifying diver-
sions of strength from the ground armies.®

Marshal Foch, as commander-in-chief of the Allied armies, op-
posed the concept of the British Air Ministry with the traditional
point of view of the ground forces. The enemy’s army, he declared,
was the enemy’s strength. Only by a concentration of force to

8. H. A. Jones, The War in the Air (5 vols., 2-6; Oxford, Clarendon Press, 1922~
81, 6, 121.

9. Ibid., pp. 2-17.

10, Memo, Sir William Wier, Secretary of State for the Royal Air Force, on the

Responsibility and Conduct of the Air Ministry, 28 May 1918, cited in full in Jones,
The War in the Air, Appendix Volume, App. VII.
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destroy that army would it be possible to attain victory. Bombers,
Foch said, should be used for strategic raids against the enemy’s
economy only as a secondary function.!!

His conception of the primary objective of bombers did not blind
Foch to their potentialities. He drew up an elaborate plan of at-
tack on the German economy, but his plan stipulated the use of
bombers only after the requirements of the armies in the field had
been met or during lulls between battles.’ So the military repre-
sentatives of the Allied Supreme War Council formulated a pro-
gram of bombardment during August 1918 to be carried out by
an Inter-Allied Bombing Force within the frame of reference laid
down by Foch. Brevet General Tasker H. Bliss, military repre-
sentative for the United States to the Allied Supreme War Coun-
cil, joined the representatives of the other Powers in signing the
Joint note forming the Inter-Allied Bombing Force.!* The end of
the war came before the Inter-Allied Force materialized. Never-
theless, the intention is evident. The Allies and the United States
were moving in the direction of strategic bombardment. Even
though conceived within the orbit of Foch’s command and com-
pelled by that circumstance to consider attacks on the German
economy as secondary, the proposed force was strategic in its
potential.

As the cumbersome machinery of Allied control evolved this
plan, the British demonstrated what could be done in practice. In
June 1918 the British Air Ministry actually organized a strategic
bombing arm known as the Independent Force, although, to be
sure, the force consisted of but five squadrons, only two of which
were composed of long-range night-bombers capable of deep pene-
trations into enemy territory. Throughout the summer of 1918
this force repeatedly attacked German industrial centers and rail
Junctions. Handley-Page bombers carrying individual bombs
weighing 1,650 pounds were used during October, giving a fore-
taste of what was to come. Despite the future possibilities embodied
in explosives of this weight, the Independent Force was never more
than a shadow of its planned strength. When the Armistice came,
the British Independent Force consisted of only nine squadrons,
and some of these were equipped not with bombers but with air-
craft converted from types designed for reconnaissance which had

11. Ibid., App. VIII, Memo, signed by Foch, on the subject of an Independent
Air Force, 14 Sept. 1918,

12. Ibid., App. X, Memo, Foch to Clemenceau, 13 Sept. 1918.

18. Ibid., App. 1X, Joint Note No. 85, Military Representatives of the Supreme
War Council to Supreme War Council, 3 Aug. 1918,
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been considered obsolete since 1916. Nonetheless, small as this force
was, it represented an organizational framework upon which the
Air Ministry intended to carry out a program of strategic bom-
bardment on the German economy. Only the pace of production
and development of design held this policy in check.

At the Armistice the output of British aircraft was rapidly over-
taking the Ministry’s program, and development of design had
opened new vistas to strategic bombardment. As early as July
1917 the British had gone into production on the long-range,
twin-engine Handley-Page night-bomber. By September some 400
had been placed on contract. But of greater importance, experi-
mental contracts were placed during the summer of 1917 for even
larger Handley-Page superbombers, four-engine aircraft capable
of carrying 7,500 pounds of bombs to Berlin. Three of these ma-
chines, completely superseding the twin-engine Handley-Page,
were available at the end of the war. Some 250 were on contract.!*

Even a brief excursion into the tale behind the growth of Brit-
ish doctrine on strategic bombardment is sufficient to suggest the
character of the influences at work upon the shaping of policy in
the Air Service, AEF. The programs promulgated for aviation
by the AEF during the fall of 1917, before the formation of the
Air Ministry, reflected the influence of the ground force. During
the spring of 1918, after the creation of the Air Ministry, they
reflected an increasing acceptance of the idea of strategic bom-
bardment. In fact, the program of June 1918, the month in which
the British Independent Force appeared, almost reversed aerial
doctrine of the AEF by stipulating an increase in bombers to more
than twice the strength in aircraft for observation.

Appreciation of the doctrine of bombardment was by no means
limited to military circles overseas. During June 1918, shortly
after the British Independent Force had been organized, the Di-
rector of Military Aeronautics in the United States prepared a
study on strategic bombardment for the Chief of Staff, Gen. P. C.
March. Coming from an authoritative spokesman responsible for
the formulation of requirements, the director’s study represented,
by implication, a significant indication of the trend in aerial doc-
trine. The burden of the study was expressed in one paragraph:

Apart from the production of aircraft sufficient for the
tactical and strategic needs of the Air Service, AEF, con-
sideration must be given the production of a large number,

14. Jones, The War in the Air, 6, 185, 150, 164, 168, 173-4.
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—probably in excess of 1500—airplanes for a “long dis-
tance independent bombing force,” to borrow a phrase
from the British . . . to operate on a bombing campaign
against German industrial centers in cooperation with Brit-
ish and French forces of a similar nature.

To this end the director urged beginning immediately on produc-
tion of superbombers, preferably the Handley-Page four-engine
model.'® The Chief of Staff must have been impressed with the
arguments raised by the Director of Military Aeronautics, for
on the day the director’s study reached him he wrote to the Bureau
of Aircraft Production, pointing out that strategic conditions de-
manded the production of aircraft with a radius of 1,500 miles and
a bomb load of approximately 4,500 pounds. These superbombers,
the Chief of Staff indicated, would form a “long-distance inde-
pendent bombing force.” He requested a report on the possibility
of producing 570 such bombers without interfering with the pro-
duction of aircraft for the tactical and limited strategic needs of
the Air Service, AEF.18

The sum total of the evidence available shows that in June 1918,
both in the AEF and in the United States, the doctrine of strategic
bombardment was finding increasing acceptance and approval.
Then, at the end of July, the Chief of the Air Service, AEF,
promulgated a revised program. This version, the final one of the
war as it ultimately turned out, was known as “the 202 program.”
Of the 202 squadrons planned for the AEF 60 were to be pursuit,
101 were to be observation, and only 41 were to be squadrons of
bombers. The new allocation of squadrons by functional types
represented a ratio for pursuit, observation, and bombardment of
approximately 8:5:2. It will be recalled that the previously ap-
proved program of the AEF had established a 3:1:2% ratio.}?

15. Maj. Gen. W. L. Kenly, Director of Military Aeronautics, to Gen. P. C. March,
Chief of Staff, 20 June 1918, NA, BAP Misc. Hist. Box 1, 321.9 Organization of
DMA.

16. Copy, Chief of Staff to Director Aircraft Production, BAP, 29 June 1918, and
Copy of reply, 10 July 1918, NA, BAP Hist. Box 23, 452.1 Handley-Page. The
former document is particularly interesting in that it appears to conflict with
March’s contention in The Nation at War (Garden City, Doubleday, Doran, 1932),
pp. 208-9, that he “strongly urged” the Secretary of War not to approve a joint
bombing force under British leadership since such action would take Pershing’s air
force from him. March may have objected to British control more than he did to
the idea of an independent strategic force. The document cited above indicates that
he did nevertheless favor a bombing force apart from Pershing’s army units.

17, The disparity between the programs of June and J uly is even more strikingly

revealed by a comparison using numbers of squadrons instead of ratios of squad-
rons:
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Did this drastic change in the proposed composition of the Air
Service, AEF, mark a reversal of policy from emphasis on bombers
to emphasis on observation? Was this change in composition in-
duced by a new doctrine regarding the best operational use of the
aerial weapon? Or did the 202 program merely reflect a realistic
consideration of the possibilities of production? A review of the
production of bombers in the United States during 1918 may help
to answer these questions.

The formal report of the Bolling Mission at the end of July
1917 recommended, the reader may recall, the Italian three-engine
Caproni as a suitable bomber for production in the United States.
When the mission made this decision the Caproni had already
proved itself in operations along the front, but during the summer
of 1917 a competitor, the British twin-engine Handley-Page
bomber, began to appear in increasing quantities. When Lieuten-
ant Colonel Clark returned to the United States from his service
with the mission, he recommended the Caproni bomber and men-
tioned the Handley-Page as an acceptable substitute.’® The re-
quirements of simplicity and standardization for production made
it evident that one or the other but not both should be selected for
manufacture. Choosing between the two bombers proved extremely
difficult. In October Colonel Bolling cabled instructions to con-
centrate on the Caproni. In the following month a cable arrived in
Washington over Pershing’s signature which favored maximum
production of the Handley-Page but advised withholding con-
sideration of the Caproni.’® The Joint Army-Navy Technical
Board straddled the issue and recommended both for production in
a revised program drawn up in November 1917. Even though

Pursuit Observation Bomber Total Squadrons
June program 120 40 101 261
July program 60 101 41 202

It will be noticed that the strength in squadrons for pursuit was cut in half in the
program of July and the strengths in squadrons for observation and bombing were
almost exactly reversed. See “Formulation and Distribution of Programs,” Table
XII, Sept. 1919, NA, BAP Hist. Box 9, 334.8 Overseas Missions.

18. Copy, memo, Lt. Col. V. E. Clark to Chief Signal Officer, 12 Sept. 1917, NA,
BAP Hist. Box 21, 4562.1 Caproni Data. This report summarizes the doctrine of
strategic bombardment effectively. See above, p. 185 n. 4, for referenee to published
version.

19. Copy, cable, Col. R. C. Bolling to Asst. Secretary of State W. Phillips, 9 Oct.
1917, and Copy, Pershing cable of 27 Nov. 1917, NA, BAP Hist. Box 23, 452.1
Handley-Page. The Bolling cable, which arrived via his brother-in-law Phillips in
the State Department, is but another example of the confusion of channels for
technical information coming from the AEF.
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production of two such types would cause a great many problems,
not only of supply but in manufacture, both the Secretary of War
and the Secretary of Navy approved this program.2°

By February 1918 the Aircraft Production Board was under-
standably disturbed at the necessity for duplicating production at
a time when factories in the United States were already overbur-
dened with imperative orders. The authorities in charge of produc-
tion urged the Joint Army-Navy Technical Board to come to a de-
cision. Unfortunately the joint board was scarcely in a position to
make such a decision since the information from abroad was inade-
quate and conflicting.?! In the absence of technical information
upon which to base decisions, planning for production in the
United States was erratic, to say the least. Just how erratic this
planning could be is indicated in the following table showing the
fluctuations in the targets set for production of the Caproni.??

Date Program Formulated Number of Bombers Planned

9 Aug. 1917 500
16 Aug. 1917 9,000
22 Aug. 1917 2,000
24 Aug. 1917 500
28 Sept. 1917 1,000
19 Feb. 1918 50
8 May 1918 250

It will be noticed that the low point in production planned for the
Caproni bomber coincides with the period at which the AEF de-
manded a ratio in squadrons for pursuit, observation, and bom-
bardment of 6:2:1, as previously mentioned. The influence of AEF
plans for squadrons upon the programs for production in the
United States was not always quantitatively commensurate, but it
was nevertheless very real.23

The original intention of the Bolling Mission had been to secure
Caproni bombers in Europe until production could begin in the
United States. To this end the Bolling Mission began negotia-

20. Hughes Report, 25 Oct. 1918, Automotive Industries; The Automobile, 39,
No. 18 (31 Oct. 1918), 750-14.

21. While the board tried to reach a decision it was reported that production of
the Handley-Page in England was even then one per week. Copy, minutes of Air-
craft Board Meeting, 8 Feb. 1918, NA, BAP Hist. Box 21, 452.1 Caproni Contract.
This report, however, was false, as shown by postwar British records. Jones, The
War in the 4ir, Vol. 3, App. VIL

22. Hughes Report, dutomotive Industries; The Automobile, 39, No. 18, 750-13.
Not all minor changes are shown.

28. See, for example, Copy, resolution of Aircraft Production Board, 80 Oct. 1917,
NA, BAP Hist. Box 21, 452.1 Caproni Contract.
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tions to establish a Caproni factory at Bordeaux. The project was
abandoned during February 1918, according to the Chief of the
Air Service, “in view of the . . . decision against an increase in
the number of bombing squadrons.” 2¢ Whatever Caproni bombers
could not be borrowed from Allied air forces would have to come
from the United States.

The prospects for domestic production of bombers were not
bright. Although the Caproni had been selected by the Bolling
Mission at the end of July 1917, in November detailed drawings
of the bomber had not yet reached the United States.?’ During
January 1918, nearly six months after the initial selection, a tech-
nical mission arrived from Italy to facilitate Caproni production.
This group, consisting of the colorful Capt. Ugo d’Annunzio,
several experienced bomber pilots, and some skilled artisans from
Italian aircraft factories, set to work converting the Caproni for
use with the Liberty engine. Progress was far from satisfactory.
Italian shop practice differed markedly from that in the United
States, and the drawings proved difficult to convert to local usage.
These engineering troubles were aggravated by more serious ex-
ternal problems. The Caproni technicians were commercially rather
than diplomatically accredited, and a conflict soon developed be-
tween d’Annunzio and the Italian Embassy as to the authority of
the group. Engineering waited on protocol.2

The pace of production of Capronis was seriously retarded by
the frequent shifts in the policy of the War Department, shifts in
prime contractors as well as in quantity. During September 1917
the Aircraft Production Board considered giving a contract for
500 Capronis to the Curtiss Aeroplane and Motor Corporation. In
February 1918 this project gave way to a contract for 50 Capronis
with the Standard Aircraft Corporation. The Fisher Body Cor-
poration received a verbal contract for 500 bombers in April, and
in June formal contracts were issued to Fisher Body and Curtiss
for 500 Caproni bombers each. Not until July 1918 did the first
Caproni built in the United States enter upon flight tests, and the

24. Cable from Brig. Gen. B. D. Foulois, Chief of Air Service, 18 Feb. 1918, cited
in copy, minutes of Aircraft Board, 19 Feb. 1918, NA, BAP Hist. Box 21, 452.1
Caproni Contract.

25. Cable, Maj. L. S. Horner to Col. R. C. Bolling, 21 Nov. 1917, NA, BAP Hist.
Box 21, 452.1 Caproni Contract.

26. Frank Brisco, “Data on the History of the Caproni Project,” 14 May 1919,
NA, BAP Hist. Box 21, 452.1 Caproni Contract. Brisco was one of the officers par-

ticipating in the Italian Caproni project. After the war he compiled a brief account
of his role for the Air Service.
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model was still in the experimental stage when the Armistice
came.??

The record of difficulties encountered in putting the Caproni
into production shows plainly why the authorities finally deter-
mined to concentrate their efforts upon the Handley-Page. The
British bomber was decidedly inferior to the Italian aircraft, both
in range and in bomb load ; without guns, ammunition, or bombs
the Handley-Page developed a high speed of only 97 mph and a
14,000-foot ceiling.?® Despite this inferior performance the au-
thorities favored the Handley-Page over the Caproni bomber be-
cause they were convinced that many months must elapse before
the Caproni could approach mass production. Once again a de-
cision on production superseded a requirement for combat. The
Handley-Page was itself no insignificant problem in production.
The bomber comprised a total of more than 100,000 parts, a for-
midable manufacturing project under the best of conditions. In
1918 it was impossible to fly the Atlantic, and inasmuch as the
aircraft had a 100-foot wingspan, the unavoidable alternative was
to ship the bombers dismantled to Europe and assemble them there.
During January 1918 the Chief of the Air Service, AEF, reached
an agreement with British authorities whereby the United States
would supply sets of parts for Handley-Page bombers and the
British would assemble the parts in an idle Lancashire cotton fac-
tory.?? Unfortunately few sets of parts ever reached England.

The first “complete” set of drawings for the Handley-Page
bomber reached the United States during August 1917, giving the
British bomber a decided advantage over the Italian Caproni. But
the forehandedness of the British in sending drawings to the
United States promptly after the Bolling visit had its disad-
vantages. Just as in the case of the DH-4 where subsequent British
changes in design produced the DH-9 of superior performance,
so, too, subsequent changes in design in the Handley-Page im-

27. A. B. Gregg, “History of the Caproni Biplane,” 1919, NA, BAP Hist. Box 21,
452.1 Caproni History. See also Col. G. W. Mixter and Lt. H. H. Emmons, United
States Army Aircraft Production Facts (Washington, GPO, 1919), p. 53; Report
on dircraft Surveys . . . , House Document No. 621, 66 Cong. 2 Sess., 19 Jan. 1920,
P. 4; Hughes Report, dutomotive Industries, The Automobile, 39, No. 18, 750-15;
and Aircraft Production, Hearings before subcommittee of Senate Military Affairs
Committee, 65 Cong. 2 Sess., June to Aug. 1918, Vols. 7 and 2 passim.

28. Figures cited are for performance of Handley-Page bomber built in the
United States.

29. The agreement of Jan. 1918 is sometimes known as the Rothermere-Foulois
Agreement; see H. A. Toulmin Jr., Air Service, American Expeditionary Force, 1918
(New York, D. Van Nostrand, 1927), pp. 827-8.
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proved its performance. But each change caused consternation in
the United States. Twice during the winter of 1917—18 new sets of
drawings arrived from England. Each time large numbers of parts
already in process of manufacture had to be reworked with a
consequent delay in completion. Engineering difficulties encoun-
tered in converting the airframe of British design for use with
the Liberty engine caused the usual amount of trouble. Moreover,
the Handley-Page suffered from the same contractual instability
and uncertainty which marked the course of Caproni production
in the United States.?°

When the war ended, the Air Service, AEF, had two squadrons
of Handley-Page bombers in training in England. Not a single
night-bomber manufactured in the United States during World
War I ever reached the front.3! This unhappy fact may go far
toward answering the question posed earlier in this chapter: did
the program of July 1918 in which the AEF called for a pursuit,
observation, and bomber ratio of 3:5:2 express declining confidence
in bombardment, or was it a program based on the realities of pro-
duction in the United States? The sorry record made in the pro-
duction of bombers during the war gives every reason to support
the latter view. Moreover, there is substantial evidence from an-
other quarter to further this contention.

At about the same time that the Air Service, AEF, formulated
the program for 202 squadrons in July 1918, the Chief of Staff,
AEF, suggested a revised program. In this version the Air Service,
AFEF, would comprise a total of 858 squadrons with substantial
increases in offensive force but no increase whatsoever in units
for observation. When this plan is viewed comparatively with the
program proposed by the Air Service in July there can be no ques-
tion but that the AEF had not changed its doctrine of bombard-
ment since the spring of 1918.32

Pursuit Observation Bombers Total

Air Service Program of July 1918 60 101 41 202
Program Proposed by the Chief of Staff, AEF 147 101 110 858

It may be argued that the former program represented realism in
the Air Service more than it did the aerial doctrine of the AEF.

80. See above, p. 144 n. 27, and NA, BAP Hist. Box 23, 452.1 Handley-Page Data
file.

81. “Final Report of the Chief of Air Service, AEF,” 4ir Service Information
Circular, g, No. 180, 62-3.

82. “Formulation and Distribution of Programs,” Table XII, and figures quoted
from Chief of Staff, AEF, to Chief of Air Service, AEF, 29 July 1918, NA, BAP
Hist. Box 9, 834.8 Overseas Missions.
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There is still further evidence to indicate that the policy of the
AEF embraced the doctrine of strategic bombardment despite the
predominance of squadrons for observation in the 202 program.
The action of Gen. Tasker Bliss who joined the military repre-
sentatives of the Allies during August 1918 in proposing an Inter-
Allied Bombing Force certainly sustains this view.33 All of the
evidence, weighed collectively, would appear to show that the pro-
gram of July 1918 or so-called final program for 202 squadrons
was not an expression of the official doctrine of the AEF; nor did
it intentionally underemphasize the role of bombardment, as some
postwar advocates of the Air Service were inclined to believe. The
202 program was apparently nothing more than an expedient plan
based on calculations of probable rates of production.

When the war ended at the point where the program of the AEF
had been adjusted to meet the probabilities of production rather
than doctrine, the composition of the air force, as planned, became
a dangerous and faulty precedent for postwar analysis. Just how
the postwar planners made use of this precedent is a matter of
extreme importance, for the lessons of World War I dominated
the whole concept of air power for the 20 years of the long armi-
stice. What the heritage of the United States in aerial weapons
actually was at the end of the war remains for the following chap-
ters to tell.

83. Jones, The War in the dir, Appendix Volume, App. IX, Joint Note No. 85,

Military Representatives of the Supreme War Council to Supreme War Council,
8 Aug. 1918,
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Chapter I1X. The Postwar Air Service and
Development of the Air Weapon

WaaT pip THE United States learn about the air weapon from the
experience of World War I? The military air arm of the nation
grew from a mere handful of men with one or two aircraft to an
organization comprising more than 150,000 men and 15,000 air-
craft. Surely an undertaking of this magnitude could scarcely fail
to yield a number of significant lessons for the future. Individual
observers, officers and civilian officials alike, may well have recog-
nized a great many of these lessons from wartime experience with
aircraft. But experience of individuals is elusive. The effective
heritage of the nation in terms of the aerial weapon can best be
measured by the institutions and organizations, the procedures
and policies, formally and authoritatively adopted to operate the
air arm at the end of the war. The heritage from World War I
was not to be found in the lessons learned but rather in the les-
sons which were not only learned but applied in shaping the air arm
of the future.

The most tangible product of the war was the Air Service of
the United States Army. With the Army Reorganization Act of
June 1920 Congress established the Air Service as a combatant arm
of the line, coordinate with the Infantry, Cavalry, and other arms.
Congress authorized some 1,500 officers and 16,000 enlisted men
to make up the new service with a major general as chief.! The air
arm, as a result of the limited experience of World War I, had
been moved from the status of a useful weapon in a subordinate
position within one of the technical services to a self-sufficient role
in the combat line.

There were other lessons learned and applied from World War I.
Officials of the postwar Air Service believed the war had “clearly
demonstrated” that the air arm could not function effectively while
divided into two coequal but mutually independent halves as had
been the case under the Bureau of Aircraft Production and the

1. 41 Stat. 768, Public No. 242, 4 June 1920.
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Division of Military Aeronautics.? To remedy this evil the post-
war Air Service specifically aligned both operations and supply
under a single responsible chief. One might well argue that in so
doing the War Department had shown itself exceptionally capable
of absorbing the lessons of experience. Certainly the Air Service
of 1920 constituted an important advance over the Aviation Sec-
tion of the Signal Corps in 1917. The advances accorded the air
arm by the War Department were undoubtedly relatively im-
portant, but did they represent any significant portion of the
lessons available from the experience of the war?

The introductory chapter of this study suggested a hypothesis
contending that superiority in weapons required an understanding
of two basic considerations. The first of these involved a conscious
recognition of the importance of formulating military doctrine to
exploit to the utmost the superior weapons produced. At least one
measure of the air arm’s heritage from World War I would be
to determine the extent to which the new Air Service recognized
the importance of better weapons rather than more weapons and
the importance of formulating doctrine to exploit those better
weapons. A subsequent chapter will discuss the problem of doc-
trine; this chapter will consider only the extent to which the air
arm learned the importance of quality over quantity or better
weapons rather than more weapons. It will be remembered that
during the Civil War the federal authorities favored the muzzle-
loading musket over the repeating rifle, and at the end of the war
national armories were heavily stocked with obsolete weapons. Did
the War Department repeat this pattern in the case of the air
weapon? After World War I did the Air Service favor a policy
of more weapons or a policy of better weapons? A brief résumé
of wartime practice and the impact of that experience upon post-
war thinking should suffice to answer these questions.

Like so many of the lessons of history, the precedents estab-
lished for aerial warfare during World War I were often conflict-
ing and contradictory. Early in the war the British had learned
the vital importance of producing aircraft of superior perform-
ance. In January 1916 the Royal Flying Corps established a
“hard and fast rule” prohibiting reconnaissance missions without
an escort of at least three other aircraft until the British developed

2. Director of Air Service to Chief of Staff, 25 April 1919, NA, DMA Admin. Box
4, 821.9 Air Service Program. See also Final Report of Asst. Chief, Air Service,
AEF, 11 Nov. 1918, NA, WWI Orgn. Records, A.S. Hist. Records Box 1.



POSTWAR DEVELOPMENT 151

a type “as good or better than the German Fokker.” ¢ Here was
vivid proof: one German aircraft of superior performance char-
acteristics required a concentration of four inferior British air-
craft. A superior weapon gave the Germans a definite advantage.
The 1916 lesson of the Fokker was subsequently incorporated in
official British military policy when a paper on aerial warfare drawn
up by the General Staff emphasized the importance of flying in
formation (i.e., quantity) except in the case of aircraft superior
to those of the enemy (i.e., quality).* Thus, even before the United
States entered the war, British policy implicitly recognized the
importance of better weapons rather than more weapons. It is
not to be supposed, however, that recognition of this principle im-
plied universal adherence to it. Even among highly placed British
officials there was a tendency to speak in terms of quantity rather
than quality. No less a person than Gen. Sir David Henderson of
the British Air Board advised Colonel Bolling to determine strength
in pursuits on the basis of a three-to-one ratio. That is, he recom-
mended sending three such aircraft into the field for every one sent
by the enemy. General Henderson was certainly not unaware of
the factor of quality, but his comment is representative of the
tendency to think in terms of numbers rather than performance.®

The conflict of precedents which marked British experience was
repeated in the United States. The decision to develop a new and
superior engine rather than copy Allied designs was of itself a
decision favoring quality over quantity. It is true that the Liberty
engine was subsequently blamed for many of the failures of the
program for aviation when it proved difficult to convert airframes
to mount the new standardized engine. Nevertheless, there can
be no doubt but that the initial decision to develop in the United
States an engine far more powerful than any in use on the front
was a decision which recognized the importance of better weapons
rather than more weapons. Unfortunately for the success of air-
craft production in the United States, the decision to build superior
engines was apparently not made as a logical consequence of a con-
scious and widely accepted policy stressing quality over quantity.

8. RFC Headquarters Memo, 14 Jan. 1916, quoted in H. A. Jones, The War in the
Air (5 vols.,, 2-6; Oxford, Clarendon Press, 1922-37), 2, 156.

4. British General Staff Memo, “Fighting in the Air,” March 1917, quoted in full
in Jones, The War in the Air, Vol. 3, App. XI.

5. See above, Chapter 4. For a similar expression in the United States, see Memo,
Lt. Col. V. E. Clark to Chief Signal Officer, 12 Sept. 1917, reprinted in full in Air-
craft Production, Hearings before subcommittee of Senate Military Affairs Com-
mittee, 65 Cong. 2 Sess., 15 July 1918, 2, 800.
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Instead, it appears to have been an expedient or random act. That
it did not result from conscious policy is suggested by the parallel
decision to put the inferior and obsolescent DH-4 rather than the
DH-9 into mass production. Here, side by side, were two violently
conflicting policies. One favored better weapons, the other favored
more weapons. Which precedent was the postwar Air Service to
follow?

If the decisions of officials controlling production during World
War I left no clear precedent, such was not true of the Air Service,
AEF. Summarizing the lessons of aerial warfare learned by the
air arm in France, the Chief of the Air Service, AEF, emphasized
the critical importance of progressive development of design in
maintaining a force of aircraft superior to that of the enemy on
the front. An aircraft which dominated the air one day, he re-
ported, might be “totally obsolete” six months later. Superiority
in the air, he concluded, could be maintained only by constant
initiative, encouraging inventions leading to new types, and, where
necessary, abandoning unsuccessful models even after they have
been brought into production.® Having been exposed to the cut-
ting edge of the enemy’s weapon, officers in the Air Service of
the AEF felt that there was no question but that better weapons
were of greater importance than more weapons. The vigor of this
assertion was sharply underlined by the facts. When the war ended,
the Allied forces in the theater of combat possessed almost twice as
many aircraft as the enemy. Yet, despite this wide margin of
numerical domination, officers in the AET were reported to believe
that the Germans “essentially overcame” their deficiency.” The
Air Service, AEF, had learned the importance of superior weapons.
Whether one measured that superiority in terms of more flying
time for every airplane in action because of superior maintenance
on the ground or in terms of superior performance in the air be-

6. “Final Report of the Chief of Air Service, AEF,” Air Service Information
Circular, 2, No. 180 (15 Feb. 1921), 87-8. See also draft version of text, NA, WWI
Orgn. Records, A.S. Hist. Records Box 1.

7. Col. G. W. Mixter and Lt. H. H. Emmons, United States Army Aircraft Pro-
duction Facts (Washington, GPO, 1919), pp. 57-8; and E. S. Gorrell, The Measure
of America’s World War Aeronautical Effort (Northfield, Vit., Norwich University,
1940), p. 68. The figures cited by these two sources disagree but not significantly.
Jones, The War in the Air, Appendix Volume, App. XXXI, notes that the records
in the Potsdam Reicharchiv show actual strength of the German air arm to have
been but two-thirds of nominal strength officially indicated. This would appear to
confirm the belief that it was to a great extent the superior performance of German

aircraft rather than the greater number of hours they flew per airplane on the front
which helped the Germans to make up for their over-all numerical inferiority.
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cause of better design, the conclusion remained: better aircraft
proved more desirable than more aircraft.

The combat-tested precedent of the air arm in France rather
than the conflicting precedents of production on the home front
shaped the course of the postwar Air Service. The chief of the
new service reiterated the opinions of his predecessors in the AEF.
Upon the organization for developing aircraft he placed “the
larger portion of the burden of preparedness.” Only by “continu-
ous development,” the chief reported, would it be possible to meet
the enemy “on equal ground.” 8 The phrases themselves reflect the
extent to which experience in combat had centered attention upon
the importance of progressive design in attaining future superi-
ority. Perhaps the most telling postwar indication of the sig-
nificance attached to superior weapons is to be found in the de-
clared policy concerning the budget for the new peacetime air
arm. Rather than procure and maintain a great number of air-
craft for purposes of defense, the Air Service proposed to devote
a large portion of its limited appropriations to experimental de-
velopment and limited procurements for service testing. The policy
of the Air Service would be, the chief reported, to “worry along”
with obsolete equipment, spending every possible dollar from
available funds for development and engineering rather than for
large-scale orders for the production of aircraft from existing
designs.®

Budgetary support represented compelling evidence that the
postwar Air Service had learned from wartime experience the im-
portance of weapons of superior performance. Was it equally true
that the service learned the importance of a system for converting
scientific and technological advances into weapons to ensure con-
tinued superiority?

The postwar Air Service, like the General Staff, failed to carry
over from the war the concept of an agency attached to the highest
staff for the purpose of exploiting science. To be sure, regulations
and directives of the Air Service did make the Engineering Divi-
sion officially responsible for keeping in touch with inventors and
manufacturers, yet nowhere was there an organization specifically
charged with the exploitation of scientific advances.*® The Air

8. Report of Chief of Air Service, Annual Reports of the War Department, 1920,
1, 1489,

9. Ibid., pp. 1465, 1490,

10. “Qutline of Organization and Functions of Office of Director of Air Service,
U.S. Army,” 5 Nov. 1919, and “Organization of Office, Chief of Air Service,” 1 Dec.
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Service, like the General Staff, lumped all functions of supply into
a fourth section of the staff (similar to G-4) which was better
equipped to handle problems of quantity than problems of qual-
ity.'* Although the Science and Research Division disappeared
with the peace, the National Research Council (NRC), from which
it originally derived, remained. But the NRC suffered almost the
same fate as its offshoot. When the Air Service failed to establish
an organization at a high echelon to ensure continual and aggres-
sive liaison, the NRC became a passive pool of talent available for
calls which seldom came. Not until nearly 20 years later when an-
other war was imminent did the NRC play an active role in assist-
ing the air arm.

Insofar as it was concerned with problems of interest to the air
arm, the National Advisory Committee for Aeronautics (NACA)
fared considerably better in the postwar period than did either the
Science and Research Division or the National Research Council.
The survival of NACA was largely the result of its status, inde-
pendent of the military air arm and blessed with separate appro-
priations. It was this very independence, however, which lessened
the NACA’s worth as an agency for scientific liaison for the post-
war Air Service. Valuable as the services of NACA undoubtedly
were, they did not answer the requirement for an agency on the
staff of the air arm to bring into focus the advances in the broad
field of the sciences for specific utilization in perfecting weapons.

In terms of agencies for positive action in calling attention to
radically new findings in science, the air arm’s heritage from World
War I was slight indeed, which is somewhat surprising in view of
the promising progress made during the war.!2 In terms of or-

1921, AAF Archive M1063-2, 3. See also “Functions of the Air Service,” draft regu-
lation (undated, ca. 1919), NA, BAP Hist. Box 7, 814.7 BAP History, General.

11. Even though the Air Service failed to establish an effective agency for liaison
with the field of science, the importance of this function was not unrecognized by
individuals within the air arm. In a study prepared as a rebuttal to a General Staff
paper on the problem of military supply, an air officer (Maj. B. Q. J ones) analyzed
the whole problem of dynamic design or the constant flux of aircraft types to main-
tain superjority. This special study treated the problem with such remarkable
breadth that years later it remains an unusually clear statement of the present-
day problem of aerial weapons. See “The System of Supply,” A.S. Study, 5 May
1921, NA, DMA Admin, Box 20, 835 Executive.

12. The Science and Research Division was, on paper, merged with the Engineer-
ing Division. As a consequence the Engineering Division floundered around during
the first few years directly following the war trying to determine its role with re-
gard to fundamental research. By assigning the Science and Research Division to
Engineering, Air Service authorities not only stripped the policy staff of its agency
for scientific liaison but almost certainly ensured the subservience of science to en-
gineering. For a discussion of the Engineering Division’s postwar problems, see
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ganizations for applied research and engineering, wartime ex-
perience contributed a more substantial heritage.

In the course of the war the Bureau of Aircraft Production
built up a large organization for engineering. The Engineering
Division, as it came to be called, ultimately employed more than
2,000 people.!® In addition, during 1917 and 1918, the division
had acquired an imposing array of facilities, including two air-
fields and several laboratories for experimental development and
testing of engines, propellers, and airframes. Impressive though
these facilities may have appeared in contrast with the makeshift
establishment of early 1917, the Engineering Division which
emerged from the war was an organization established primarily
for production rather than for experimental development. More-
over, the models manufactured on a large scale were, in every in-
stance, modifications of foreign designs. Of the more than 2,000
people in the division at the Armistice, approximately 75 per cent
were entirely concerned with problems of production. Only a mi-
nute fraction of the engineering staff actually engaged in work on
experimental development.'* It was this small group of experi-
mental engineers which was to become the nucleus of the postwar
organization for applied research and development in the air arm.
The cadre of engineers undoubtedly represented a valuable asset
in meeting the problems of applied research in peacetime. Never-
theless, just as the organization for production during the war
was ill suited for the role of experimental development in peace,
s0, t00, the methods and procedures of the war were of little use
to the Engineering Division in peacetime.

During the war the development of aircraft, no less than the
production of aircraft, stemmed from European requirements.
But following the Armistice, the Technical Section, AEF, disap-
peared, leaving no operational organization to provide informa-
tion upon which to formulate design. The postwar Engineering
Division, no longer able to call upon the AEF for this data, was
forced to devise new practices and procedures for determining

“Rotary-Wing Aircraft in the Army Air Forces: A Study in Research and De-
velopment Policies,” 1946, Wright Field Hist. Office.

13. The engineering organization of the air arm had a varied series of designa-
tions: The Airplane Engineering Department of the Signal Corps Equipment Di-
vision became the Airplane Engineering Division in January 1919 when the engineer-
ing organization merged with the Technical Section of DMA. In March 1919 the
organization became the Engineering Division and kept that name for several years.

14. Photostat of questionnaire, Chief, Info. Group, to Engineering Div., 7 May
1919, completed by Engineering Div,, Wright Field Hist, Office Files.
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functional objectives. The Engineering Division was to devote the
better part of 20 years following the Armistice to perfecting a
system for converting these tactical and strategic objectives into
detailed specifications.'® It is somewhat ironic that the Technical
Section, AEF, which had barely begun to evolve a system to formu-
late requirements, was allowed to dissolve, leaving behind scarcely
a scrap of detailed information about its operating procedures.1®
For, as a consequence of the demise of the Technical Section, the
Engineering Division in the United States was forced to acquire
skills and practices which, at that same time, the Technical Sec-
tion was abandoning. Because it did not have an effective system
for ensuring retention of operational procedures evolved in war,
the Engineering Division entered the era of peace ill equipped to
handle the function thrust upon it.!?

The postwar air arm lacked an effective organization for scien-
tific liaison and inherited a partially equipped organization for
applied research. Despite some substantial facilities for testing
and development as well as a nucleus of personnel for engineer-
ing, the air arm faced the peace as it had entered the war—with-
out an operational organization to determine the direction en-
gineering development should take. In the final analysis, doctrine,
or the accepted concept of the mission to be performed by the aerial
weapon, would inevitably determine the direction of development.
To understand in full the heritage of World War I it will be neces-
sary to consider air doctrine.

15. For an illustrative study of the problems encountered in formulating func-
tional objectives—or military characteristics, as they are called—and the problems
encountered in reducing these objectives to specifications for types of aircraft, see
“The System of Supply,” A.S. Study, 5 May 1921, NA, DMA Admin. Box 20,
835 Executive. See above, p- 164 n. 11,

16. Even the “Air Service, AEF, History,” NA, WWI Orgn. Records, GHQ,
AEF File, which was specifically designed to record the lessons of the war, con-
tains only the sketchiest account of operating procedures in the Technical Section.

17. A careful search in the files of the Engineering Division and the Air Service
Central Files covering the formative period immediately following the Armistice

revealed almost no evidence of extensive reliance on wartime studies of organization
when the new Air Service was established.



Chapter X. The Postwar Air Service and
Air Doctrine

THE BODY OF experience from which the postwar air arm had to
draw was extremely small. Aerial operations in the AEF were con-
fined to six or eight months of activity. Thus, when a board of of-
ficials met shortly after the Armistice to consider the question of
organization only one officer who had actually commanded an aerial
unit in combat could be found in the whole United States. It is
interesting to note that this officer was Maj. Carl Spaatz who be-
came the Commanding General of the Army Air Forces after
World War II.! Experience in terms of personnel was, at best,
elusive. Even as more officers with service in combat became availa-
ble, their utility in assisting in the formulation of doctrine was
sharply circumscribed by the degree to which they were articulate
about their experience. Even the most thoughtful and expressive
were limited by the operations of the Air Service, AEF, which were
confined almost entirely to service in a role of army-cooperation or
close-support.

At the Armistice the Air Service, AEF, had 18 squadrons for
observation but only one squadron for night bombing assigned on
the front. Even the lone squadron of night-bombers belied its
name: it was not equipped with twin-engine, long-range Handley-
Page airplanes but consisted of 18 obsolete DH-4 aircraft for
observation and an equal number of British FE-2 aircraft, a type
which had reached the peak of its production before the DH-4. The
squadron was scarcely equipped for strategic bombardment.? Per-
haps the most significant fact about the lone squadron of night-

1. Memo, Asst. Chief of Training, DMA, to Board of Organization, 18 De¢. 1918,
AFCEF, 334.7 Board on Organization of the Air Service in Peace.

2. The average bomb load of a Handley-Page amounted to approximately 1,825
1bs. The average DH-4 bomb load was 232 Ibs. Thus, even disregarding the wide
difference in range, it is evident that the DH-4 was little suited to strategic bom-
bardment. See “Statistical Analysis of Aerial Bombardment,” General Staff Statis-
tics Branch, Report No. 110, 7 Nov, 1918, National War College Library, U226, U60,

1918. See also E. S. Gorrell, The Measure of America’s World War Aderonautical
Effort (Northfield, Vt., Norwich University, 1940), p. 29.
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bombers was not so much the inadequacy of its equipment as the
brevity of its experience. Assigned to the front on 9 November
1918, the squadron was in active service only two days before the
Armistice. Moreover, this single squadron of night-bombers was
officially demobilized 5 December 1918, less than a month after it
entered combat.? When the war was over there was no familiar
body of operational experience with strategic bombers on which
to draw in formulating doctrine for the postwar establishment.

Officers in the Air Service, AEF, were primarily concerned with
aviation for army-cooperation. Col. T. D. Milling, who had led
the air units of the First Army in France, held opinions typical
of the majority of airmen in the higher echelons of the AEF.
In reporting his conception of a proper postwar air arm Colonel
Milling emphasized one point: “The Air Service is of value to the
military establishment only insofar as it is correlated to the other
arms.” * This was the opinion of an important leader in the air
arm. The opinion was not unique. Col. F. P. Lahm, who led the
aerial units of the Second Army in France, felt that the Air Service,
AEF, had not had sufficient operational experience to permit one
to reach any definite conclusions regarding doctrine for the future.
Nonetheless, having judiciously recognized the narrow base of
operations in the AEF, the colonel proceeded to declare that “the
main function of aviation is observation and all hinges on that
program.” ® This contention, hazarded in the face of the colonel’s
avowed denial of its validity, almost certainly reflects the limited
range of his experience. More than half of the aviation units with
the Second Army were equipped with the obsolete DH-4 while
the remainder were equipped with pursuits of French and British
origin.*

When the Chief of the Air Service, AEF, came to prepare his
final report, it was perhaps natural for him to perpetuate the
opinions of some of the officers who had commanded the operational
units of the United States’ forces in France. In any event, whether
compiled on an objective basis or not, his final report repeated
the opinions of the principal air officers of the First and Second
armies. The war “clearly demonstrated,” the Chief of the Air

8. Gorrell, The Measure of America’s World War 4 eronautical Effort, p. 83.

4. Copy, memo, Col. T. D. Milling to Chief, Air Service, AEF, 9 Jan. 1919, in
“Lessons Learned,” “Air Service, AEF, History,” Series A, Vol. 15, ca. 1919, NA,
WWI Orgn. Records, GHQ, AEF Files.

5. Col. F. P, Lahm to Col. E. S. Gorrell, 7 May 1919, NA, WW1 Orgn. Records,
A.S. Hist, Records Box 572, 452.1.

6. Gorrell, The Measure of America’s World War Aeronautical E Fort, p. 43,
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Service believed, that the function of observation was “the most
important and far reaching” which an air arm operating with an
army would be called upon to perform.” This report, which ap-
peared after the Armistice, is strangely reminiscent of the opinions
held by the Chief Signal Officer in 1915. At that time, it may be re-
called, he had declared that observation was “the useful, approved,
and most important work” of the airplane.® Here, then, was the
completed cycle.

The United States entered the war without a clearly defined
doctrine of aerial warfare. Insofar as a doctrine had been formu-
lated, it favored a role of army-cooperation or close-support rather
than an offensive or strategic role. Because of this policy, produc-
tion during the war favored aircraft for observation rather than
night-bombers. As a consequence, the experience of the war was
with observation rather than bombardment. In deliberating on
this experience, postwar planners found themselves precisely where
they started. If the air weapon was to develop beyond this limita-
tion, some way had to be found to escape the self-perpetuating
character of this cycle.

British experience offered a substantial precedent showing that
it was perfectly possible to escape the merry-go-round of doctrine
influencing production and determining experience in operations
which formed the basis of subsequent doctrine. The British pro-
Jjected doctrine beyond experience into the realm of possibilities.
The Royal Flying Corps as planned in 1916 was to consist of 86
squadrons. Of these only 10 squadrons were to be of long-range
bombers. By 1917 the air force planned 179 squadrons, of which
66 were to be used for strategic bombing. By the summer of 1918
planned distribution of British strength allocated 32 per cent of the
available aircraft to the Independent Force for strategic opera-
tions.® Even though the limitations of aircraft production never
permitted a large-scale proof of the concept of strategic bombard-
ment, British officials were able to secure approval and support
for their doctrine from the highest authorities, both military and
political.

In the United States efforts at formulating an authoritative

7. “Final Report of the Chief of Air Service, AEF,” 4ir Service Information
Circular, 2, No, 180 (15 Feb. 1921), 49.

8. The Service of Information, Circular No. 8, Office, Chief Signal Officer, 1915,
p- 28.

9. W. A. Raleigh, The War in the dir (Oxford, Clarendon Press, 1922), 1, 452-8,

and H. A. Jones, The War in the Air (5 vols., 2-6; Oxford, Clarendon Press, 1922
37), 6, 171-2.
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doctrine met with less success. Since air doctrine determines the
direction of development in aircraft one might logically assume
that military officials would devote much effort to the formulation
of doctrine at the end of the war, but this was not the case. Neither
the Commander-in-chief of the AEF nor the Chief of the Aijr
Service, AEF, pointed out any comprehensive lessons of aerial
warfare in their final reports.

To judge from General Pershing’s report the air weapon was
utterly insignificant. Apart from an occasional sentence of the
aircraft-also-flew variety in accounts of operations by the ground
forces, Pershing’s report failed to speculate on the mission of avia-
tion and neglected to appraise the role of aerial warfare. It confined
all mention of the air arm to a single paragraph commending the
aviators for their courageous deeds and daring.!® The report of
the theater commander was most general and quite above detailed
consideration of technicalities, an omission which may have been
unavoidable in the postwar rush to complete the report. But in
view of the revolutionary importance of the weapons slighted, the
neglect is somewhat disconcerting.

The final report of the Chief of the Air Service, AEF, was even
more surprising. Although this document did not appear in pub-
lished form until February 1921, it was originally submitted in
March 1919. Again the urgency of events surrounding the de-
mobilization of the AEF undoubtedly influenced the character of
the paper. Far from representing a thoughtful and carefully
reasoned study of the role of the air weapon in the war, this report
was a jumbled narrative account emphasizing the difficulties en-
countered without critical appraisal or thorough analysis. More
significantly, the report considered all of the various functions of
the air arm individually, drawing occasional conclusions regard-
ing supply, operations, or training but never assembling these
conclusions into one comprehensive whole. Nowhere were the les-
sons of the war presented in concerted form for the instruction of
the future. Moreover, despite the novel character of the air weapon,
the report showed no systematic effort to derive appropriate doc-
trines for aerial warfare. There is some evidence to indicate that
the report did not represent even so much as an exhaustive compila-

10. Final Report of Gen. John J. Pershing, Commander-in-chief, American Ez-
peditionary Force (Washington, 1920), p. 76. It is interesting to note that this re-
port, which mentions aviation in a section entitled “Supply, Coordination, Muni-
tions, and Administration,” devotes about the same amount of space to religious
activities as it does to aviation and tanks combined.
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tion of opinions held by officers in the top echelons of the Air
Service.!? »

The critical importance of formulating doctrine for the air
weapon was not everywhere so neglected as it was by the air arm
itself. Officers on the General Staff in Washington were deeply
interested in the problem of deriving lessons from the experience
of combat to guide the conduct of military operations in the future.
To this end the General Staff undertook to prepare a series of
statistical reports for publication as source materials upon which
to base studies on policy. Since these reports were consciously in-
tended for use in formulating doctrine, they could scarcely fail to
influence postwar military thinking. For this reason they merit
careful attention.

Typical of the studies drawn up by the General Staff to evaluate
the air weapon was one entitled “Statistical Analysis of Aerial
Bombardment” which appeared only a few days before the Armi-
stice. By its own admission the report was based on fragmentary
data, “occasional” photographs, accounts by prisoners of war,
and information “too meager and too unreliable to serve as a basis
for any quantitative analysis.” 12 Having made this admission, the
compilers of the report apparently believed they were free to draw
entirely valid conclusions from the fragmentary evidence available.
From limited facts the analysts of the General Staff drew some
rather startling deductions. The material destruction to be ex-
pected from bombardment “must necessarily be small,” they felt,
because of the limited weight of bombs carried and the scant num-
ber of bombers which could be maintained on the front. Using this
frame of reference, the report continued, “From the standpoint
of destruction, the function of the bombing plane is, in the last
analysis, practically the same as that of long-range artillery.” By
utterly ignoring the factor of range, the statisticians of the Gen-
eral Staff virtually reduced the bomber to a field gun. Then, to
prove the point, they cited figures to show that 800 British air-
craft dropped a daily average weight of explosive about equal to
the explosives thrown by the total number of 155 mm. guns availa-

11. Some of the working papers used in preparing the final report of the Air
Service, AEF, are available in the National Archives, WWI Orgn. Records, A.S.
Hist. Records Box 1 ff. The omission of Brig. Gen. William Mitchell’s point of view
is noteworthy. .

12. “Statistical Analysis of Aerial Bombardment,” General Staff Statistics
Branch, Report No. 110, p. 21, 7 Nov. 1918, National War College Library, U226,
U60, 1918. . .
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ble in the same period. “In other words,” the study concluded, it
took “two squadrons of bombing planes to equal the work of one
155 mm. gun.” #If it were at all necessary to demolish this patently
fatuous argument, the report itself contained all the essential facts.
The statistics upon which these surprising deductions were based
had been selected from British bombing operations before the
formation of the Independent Force. Moreover, in the missions
analyzed, only five per cent of the explosives dropped were heavy
demolition bombs. The remainder were almost exclusively frag-
mentation bombs used primarily for antipersonnel work. Simi-
larly, of these same missions, only five per cent were against in-
dustrial targets; most of the raids were made on such objectives
as troop billets, communications lines, and ammunition dumps.!*

The study by the General Staff recognized that the targets at-
tacked by British bombers had been increasingly industrial in the
period following that from which the statistical analysis was made.
But the analysts deprecated this trend by pointing out that the
total area of damage was slight. If the craters of all the bombs
dropped were to be concentrated in one place, they noted, the
total area covered would amount to no more than some 500 square
feet with an additional area of damage resulting from blast.’® Such
statistical perversions suggest a strong predisposition in the Gen-
eral Staff to ignore the strategic potential of aviation.

The report on bombardment was by no means an isolated in-
stance of the statistical techniques used by the General Staff in
meeting the problem of air doctrine. Another item in the series of
studies was entitled “Distribution of Service Planes As Related to
Military Policies.” ¢ This report represented a conscientious ef-
fort to prepare the necessary groundwork before undertaking to
formulate a doctrine on aerial warfare for the United States. As
a systematic approach to the problem of doctrine it was probably
unique. Variations in the composition of the air forces on the
front, the report contended, made it obvious that there was a lack
of common doctrine on the function of military aviation. In sup-
port of this position the study presented the following chart show-
ing the composition of the major air forces in August 1918.'7

138, Ibid., p. 23.

14, Ibid., pp. 7, 14.

15. Ibid., p. 28.

16. Photostat copy, “Distribution of Service Planes As Related to Military
Policies,” General Staff Statistics Branch, Report No. 2, undated, ca. Aug.-Sept.
1918, NA, WWI Orgn. Records, A.S. Hist. Records Box 512, 452.1.

17. Ibid., Diagram XI, shown only in part.
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PERCENTAGE OF ArrcerAFT B8Y FuncTioNaL Tyres oN
FroNT, AUGcuUsT 1918

Pursuit  Observation Bombardment

% % %
British 55 28 22
United States’ 46.5 46.5 7
Italian 46 45 9
German 42 50 8
French 84 51 15

From this evidence the statisticians of the General Staff con-
cluded that the several forces represented “widely divergent theo-
ries” on doctrine. The existence of these divergent theories made it
imperative, they concluded, that careful studies be made to estab-
lish “a basis for intelligent judgment” in formulating doctrine. On
the basis of the figures presented in the above table, the statisticians
decided that the two divergent theories of doctrine were best
typified by the British on the one hand and the French and Ger-
mans on the other. The British theory held that aviation was a
combatant arm whose mission it was to seek out and destroy the
enemy. The French and German theories held that military avia-
tion was primarily concerned with reconnaissance and adjustment
of artillery-fire.

In the absence of any prior systematic attack on the problem of
aerial doctrine this study by the General Staff was a commendable
effort. Nevertheless, the statistics presented in the report were in-
trinsically faulty ; any lessons derived could not be other than er-
roneous. The statisticians freely admitted that limitations of pro-
duction in some instances may have influenced the character or
composition of the air forces actually assigned to the front. Then,
having made this admission, they went right ahead and drew con-
clusions regarding the “divergent theories” which the figures re-
flected.

Officers in the Air Service were quick to point out the faulty
premise of the analysis.!® The strength of units at the front was
not a true index of the air doctrines of the several Powers. A more
accurate index, the airmen suggested, would be found in the
strength of the units planned by the combatants. The following
table, showing the strength in squadrons which the Allies hoped

18. Ibid. See enclosures with photostat copy of report, for example, Lt. Col.
Ralph Royce to Col. E. S. Gorrell, 6 May 1919, “a cleverly arranged paper which
leads to false conclusions,” and Lt. Col. E. L. Naiden to Gorrell, 7 May 1919, as
well as Gorrell’s own vigorous marginal notation, “A rotten paper.”
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to have along the front by July 1919, indicates how markedly dif-
ferent actual strength was from planned strength.!®

ProeraMS SUBMITTED BY THE ALLIES SHOWING
DISTRIBUTION OF SQUADRONS BY FUNCTIONAL
Types PLANNED For JuLy 1919

Pursuit  Observation Bombardment

% % %
British 86 10 54
United States’ 80 50 20
Ttalian 20 49 81
French 21 46 83

By comparing the above table with the preceding one one can easily
see that the conclusions reached in the study by the General Staff
as to the divergent theories of doctrine no longer appear so valid.
After making due allowance for the circumstance that the strength
of observation units was directly proportional to the number of
troops in the field and therefore an arbitrary commitment, the
“divergent theories” are more difficult to perceive. More signifi-
cantly, in every instance the ratio of pursuits to bombers in the
planned units showed a marked increase in favor of bombardment.
Far from showing divergent theories on doctrine, the planned
distribution of units reveals a remarkably common trend, with
the emphasis shifting from strength in pursuit to strength in bom-
bardment. Strength in observation units computed on a troop
basis remained somewhat more constant. But these computations,
while more revealing than actual strength on the front, were no
certain index of Allied doctrine of air power. As indicated in an
earlier chapter, even the final program planned for the Air Service,
AEF, was based on the capabilities of production rather than on
doctrinal concepts.?’ What was true of the AEF may well have
been true of the Allies. The British Air Ministry consciously
scrapped long-range plans for immediate advantage in October
1918 when the German collapse became imminent.2! Similar factors
may well have influenced all other Allied programs.

The evidence seems to show that the statisticians of the General
Staff were repeating the pattern of their report analyzing bom-
bardment by selecting facts from which to derive predetermined
conclusions. While the report actually made no overt conclusions

19. Percentages calculated from Lassiter Board Report, App. II, 17 March 1923,
copy in Library of Industrial College of the Armed Forces.

20. See above, Chapter 9.

21. Jones, The War in the dir, 6, 172-3.
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as to a doctrine of air power, it did, nevertheless, establish a mis-
leading premise. From this premise faulty doctrine might easily be
derived by subsequent analysts uncritical of the assumptions em-
ployed in compiling the original study. Officers in the Air Service
recognized the erroneous character of the statistics used by the
General Staff, but having done so they failed to take any action
which would draw conclusions and formulate doctrine on a revised
premise.??

Interest on the part of the General Staff in finding an objective
basis for determining the most advantageous role of the air weapon
was not confined to a single study or even to a single technique.
Another attack on the problem sought to find some meaning in the
relationship represented by the total number of aircraft available
on the front per hundred thousand rifles in combat. This report
appeared during October 1918 under the caption “Ratios of Aerial
Equipment to Army Strength.” The Chief of the Air Service,
AEF, hurriedly contradicted it on the same grounds used in de-
molishing the report described previously. The statisticians of the
General Staff had assumed that the aerial strength of the Allies
on the front in the spring and summer of 1918 represented an ac-
curate measure of their policies based on operational experience.
In reality, the Chief of the Air Service contended, nothing could
be farther from the truth; Allied strength in airplanes was based
on availability rather than on desired ideals.?3

After belaboring the erroneous conception regarding Allied
policy utilized by the report of the General Staff, the Chief of
the Air Service submitted a report in reply.?* His counterblast
called specific attention to the futility of searching for significance
in the relationship between strength in the air and the number of

22. Despite the caustic remarks of officers from the air arm regarding attempts by
the General Staff at formulating doctrine from a statistical premise (see above, p.
163 n. 18), the files of the period contain no evidence to show that the criticism was
creative as well as caustic. There is, however, other evidence of faulty techniques
used by the General Staff Statistics Branch in studies of the air arm. See, for ex-
ample, Asst. Chief of Training to Director, Air Service, 13 March 1919, AFCEF, 059
Statistics, Miscellaneous, in which analysts of the Statistics Branch are charged
with an “attitude antagonistic to the Air Service.”

23, Maj. Gen. M. M. Patrick, Chief, Air Service, AEF, to J. D. Ryan, Second
Asst. Secretary of War, 5 Nov. 1918, letter drafted by Col. E. S. Gorrell, NA, BAP
Exec. Box 6, 026.4 BAP. A similar comparison is mentioned in A. Sweetser, The
American Air Service (New York, D. Appleton, 1919), pp. 234-5, showing that the
weight of strength in aircraft compared to strength in rifles was a common evalua-
tion at the time.

24. Maj. Gen. M. M. Patrick to J. D. Ryan, 5 Nov. 1918, enclosure labeled “Cal-
culation made 38 Nov. 1918, NA, BAP Exec. Box 6, 026.4 BAP.
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rifles on the front. Strength in rifles, or the troop basis, he asserted,
was not an entirely proper reference from which to calculate the
composition of an air force. Instead he proposed three criteria:
units for aerial observation in proportion to the strength of units
on the ground ; pursuit in proportion to the enemy strength ; and
bombardment on still another premise:

The amount of bombardment aviation desired depends
neither upon the size of our own ground army nor upon
the enemy’s air service, but solely upon a nation’s ability to
place this excess, so-called Air Service luxury, in the field
after having provided the two essentials of observation
aviation with an adequate amount of pursuit aviation.2

The statement on the composition of the air arm is particularly
noteworthy in that it repeats much of the same language used in
the policy-proposing report of the Bolling Mission in the summer
of 1917, which in itself was more or less a paraphrase of the ideas
expressed earlier by Sir David Henderson of the British Air
Board.?® Like the earlier opinions of Bolling and Henderson, the
report of the Chief of the Air Service represented a relatively clear
statement of policy. He considered that aircraft for pursuit and
for observation were “essential” but that the size of the army and
the activity of the enemy determined and limited the number re-
quired. He felt that there was no ceiling on bombardment aircraft
save capacity to produce. Here, inferentially, was a statement of
air doctrine. Squadrons of bombers should go on increasing in
numbers limited only by the nation’s facilities and resources. The
Chief of the Air Service appeared to imply agreement with
Lt. Col. V. E. Clark, who had contended that systematic bombard-
ment would end the war sooner than sending one or two million men
to line the trenches.

If the counterblast to the General Staff which the Chief of the
Air Service, AEF, sent to the United States implied an aerial doc-
trine favoring unlimited bombardment, did the Air Service fully
recognize the significance of this implication? Did the report of
the Air Service connote a conscious derivation of doctrine, or did
it merely seize upon the convenient language in the opinions of
Henderson and Bolling without entirely appreciating their doc-
trinal allusions? 27 All the available evidence appears to favor the

25. Report of 3 Nov. 1918, NA, BAP Exec. Box 6, 026.4 BAP.

26. See above, Chapter 4.

27. The historical problem raised here is made doubly interesting because the
same man, Col. E. S. Gorrell, who drafted the report of 8 Nov. 1918 for the Chief,
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latter view.2® If occasional officers in the Air Service did favor a
policy emphasizing unlimited bombardment, they seldom formu-
lated their views in terms of a comprehensive doctrine of air power.
If the Chief of the Air Service believed in strategic bombardment,
as one might infer from his rebuttal to the report of the General
Staff, the Air Service failed to reduce his views to official doc-
trine when subsequently publishing the “lessons learned” from the
war.

During the first few years immediately following the war the
Air Service issued a number of studies on aerial warfare in an ef-
fort to profit from the recently completed operations in France.
One of these studies, “Notes on the Characteristics, Limitations and
Employment of the Air Service,” sought to define some of the broad
operating principles of an air arm. The functions of the aerial
weapon, according to this publication, should include aid to the
Infantry, fire-control for the Artillery, reconnaissance for the
staff, and destruction of the enemy’s air arm. Generally speaking,
the study concluded, airplanes should assist in “deciding actions
on the ground” while preventing the enemy from doing the same.?®
This publication was characterized by a limited range of think-
ing which closely followed the limited scope of operations conducted
by the Air Service, AEF, in contrast to the far more extensive ex-
perience of other Powers. The boundaries of experience acquired
by the Air Service were never so clearly defined as they were when
expressed in the semiofficial postwar reflections on aerial warfare:
“Whatever the future development of aviation may be, up to the
end of the war in 1918, its most important functions had proved

Air Service, AEF, was a member of the Bolling Mission and may have written or
shared in writing the Bolling report of August 1917. Gorrell may have harked back
to the Bolling report for words to frame his reply, but his subsequent actions (see
text below) indicate that his concept of doctrine must have changed during the year
from the fall of 1917 to the fall of 1918.

28. Some officers in the Air Service may have been ardent advocates for strategic
bombardment at the end of World War I, but if they were they left little written
evidence of their point of view. Even Mitchell, leading proponent of the bomber in
the public eye, in 1920 advocated offensive aviation in the proportion of 60% pur-
suit, 209% attack, and 209 bombardment. See Asst. Chief, Air Service, to Chief,
Air Service, 16 Sept. 1920, NA, Air Service Finance Advisory Board Box 10, Case
No. 179. For an example of the objective and scholarly analysis which other air arms
devoted to the problem of doctrine, see Lt. Col. A. P. Voisin, La Doctrine de I'avia-
tion frangaise de combat au cours de la guerre (Paris, Berger-Levrault, 1932).

29. “Notes on the Characteristics, Limitations and Employment of the Air Serv-
ice,” Air Service Information Circular, Vol. 1, No. 72 (12 June 1920). Although
carefully labeled as “unofficial” because it lacked approval by the General Staff, this
study and others in the series were widely distributed throughout military circles
with consequent influence on concepts of air doctrine.
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to be securing and transmitting information concerning develop-
ments in and beyond the line of battle.” 30

By entering the war with a predisposition to see the role of
the air weapon as primarily one of observation, the air arm had
circumscribed the limits of its operational experience. Then, at
the end of the war, the new Air Service in its postwar study pointed
to this experience as confirmation and proof of the primary im-
portance of observation. At the same time, even while cautiously
suggesting that the future might reveal other roles for the air
arm, the study made no mention of the function of strategic bom-
bardment even as an embryonic development. Would air arm of-
ficers ever get off the merry-go-round?

The postwar publication of the Air Service on aerial doctrine
was scarcely an objective approach to the problem. By the editor’s
own admission the principles or policies presented had been evolved
from a report entitled “Notes on the Employment of the Air Serv-
ice from the General Staff Viewpoint” and submitted for criticism
“to those most expert” in the AEF.3! If, as officers of the air arm
had repeatedly pointed out, analyses made by the General Staff
had shown a predisposition to ignore the strategic potential of
bombardment, then surely the point of view of the General Staff
was a faulty one from which to derive lessons for the future air arm.
As for “those most expert” who criticized the study, did they rep-
resent a cross section of experienced air officers or only those who
agreed with the doctrine presented?

The available evidence shows that during the postwar period
the efforts of the Air Service to formulate doctrine were neither
systematic nor objective. With the best of intentions the Air Serv-
ice began a number of historical studies of wartime operations to
“furnish valuable sources” from which to derive lessons on strategy,
tactics, supply, training, and the like.? Unfortunately, few of
these studies reached the stage of publication.?3 And, of equal sig-
nificance, expressions of doctrine formulated in the few studies ac-
tually completed found no place in the official publication of the
postwar Air Service when they were at variance with doctrine as-

30, Ibid.

8L, Ibid. The original study, “Notes on the Employment of the Air Service from
the General Staff Viewpoint,” appeared in Feb. 1919. A photostat copy is available
in AAF Archive, 1411-8. This copy is undated, and no authorship is indicated.

82. Report of Chief of Air Service, 4Annual Reports of the War Department, 1920,
1, 1476.

83. For a discussion of the fate suffered by historical studies of World War I,
see bibliographical note.
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signing primary importance to observation. Forthright statements
in favor of strategic bombardment as made by such officers as
Lt. Col. V. E. Clark remained buried in the files. “There should be
no limit to the number of night-bombing machines supplied,” Clark
wrote. “The policy should be to bomb the enemy at every vital
point until he is exhausted.” The doctrinal position of this con-
tention was clear enough, but it was ignored.** Had the studies
of the Air Service been systematic they would have mentioned this
position if only to controvert it. But for want of an objective and
authoritative method of formulating doctrine on air power, the
manifestly inadequate doctrine emphasizing the role of observa-
tion reached publication and consequent circulation while oppos-
ing points of view did not.

The need for systematic formulation of doctrine may well have
been recognized, but like so many functions of the air arm in the
postwar era, it was neglected for want of competent personnel to
conduct the necessary analysis. There were 431 officers at the im-
portant Paris headquarters of the Air Service, AEF, at the end
of the war. Of these, only one was an officer of the Regular Army.?®
The inevitable result of this disparity appeared less than a year
after the Armistice. In the whole Air Service by July 1919 there
were only 234 regular officers, barely enough to man three full
squadrons if so assigned.®® In any event, whether the inadequacy
of the doctrine of air power formulated after the war resulted from
insufficient personnel or from a failure to appreciate the vital im-
portance of doctrine, the effects were the same. The Air Service did
not establish a system to ensure an objective analysis of wartime
operations, foreign as well as domestic, enemy and Allied as well
as those of the AEF. The product of this failure followed with
inexorable logic: the doctrine of aerial warfare which the Air
Service promulgated after the war fell ominously short of the
airplane’s full potential.

Because the Air Service neglected to take the initiative in ex-
ploiting the full scope of the aerial weapon, doctrine in 1919 re-
mained only slightly advanced over what it had been in 1917. If
the Air Service itself formulated a doctrine which utilized far less
than the maximum potential of aviation, military opinion out-

34, Lt. Col. V. E. Clark, “History of the Development of Airplanes During the
War,” 1 Jan. 1919, NA, BAP Hist. Box 19, 452.1 Airplanes, General.

35. Final Report-of Asst. Chief, Air Service, AEF, 11 Nov. 1918, NA, WWI Orgn.
Records, A.S. Hist. Records Box 1.

36. AATF Historical Study No. 89, “Legislation Relating to the Air Corps Person-
nel and Training Programs, 1907-1939,” Dec. 1945, AAF Archive.
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side the air arm could scarcely be expected to favor more advanced
thinking.

The Dickman Board, a postwar group ordered by General
Pershing to consider the lessons of the war, arrived at substantially
the same concept of aerial warfare as that held by the Air Serv-
ice: ground forces would continue to play the major part in
both offensive and defensive operations, using the air arm as an
“auxiliary.” 87 The Dickman report set a pattern which was fol-
lowed repeatedly. In 1919 Assistant Secretary of War Benedict
Crowell headed a postwar mission to Europe to study the lessons of
aviation learned by the Allied Powers. On his return he wrote:
“ . . the primary purpose of war flying is observation.”  Gen-
eral P. C. March, the Chief of Staff, was in substantial agreement.
Despite his momentary wartime enthusiasm for strategic bombard-
ment, after the war General March appeared more conservative. In
writing of tanks, aircraft, and other innovations, he asserted flatly
that their true value lay in their service as auxiliaries to the In-
fantry. “Nothing in this war has changed the fact that it is now,
as always heretofore, the Infantry with rifle and bayonet that, in
the final analysis, must bear the brunt of the assault and carry it
on to victory.” 3¢

Newton D. Baker, the Secretary of War, was likewise inclined
to follow the lead of the Air Service. He appeared to be support-
ing a policy of full exploitation for the air weapon by readily
conceding that it would be “dangerous to attempt any limitation
on the future based on the most favorable view of present attain-
ments.” *° In spite of this seeming breadth of vision, the secretary
consistently deprecated the role of bombardment while emphasiz-
ing the primary importance of observation. During the war, he said,
the direct damage inflicted by bombs was “relatively small” and
had “no appreciable effect” upon the war-making power of the
enemy. Moreover, if bombing were outlawed, as the secretary
thought “it plainly should be upon the most elemental ethical and

87. AAF Historical Study No. 25, “Organization of Military Aeronautics; 1907-
1985,” pp. 87-8, 1944, AAF Archive.

88. B. Crowell, America’s Munitions; 1917-1918 (Washington, GPO, 1919), p.
254.

39. Report of Chief of Staff, 4nnual Reports of the War Department, 1919, 1,
473-4. Anyone familiar with the problems of critical shortages in materials and man-
power in the economic mobilizations of both world wars can appreciate the relatively
limited range of March’s thinking when he capped his discussion of weapons with
the declaration, “The war has shown that this country can, in an emergency, be self-
sustaining in all respects for an indefinite period” (p. 475).

40. Report of Secretary of War, Annual Reports of the War Department, 1919,
1, 68-71.
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humanitarian grounds,” then the value of aviation for observation
would far outweigh the effectiveness of aviation for direct attack.!
The confusion in Secretary Baker’s thinking about the role of air
power was not confined to an isolated instance. He described an
aerial torpedo or guided missile developed by the well-known en-
gineer Charles F. Kettering as “one of the most destructive weap-
ons invented during the war.” Furthermore, he asserted, perhaps
somewhat prematurely, that this guided missile was already “a
practical reality” being seriously considered as a replacement for
heavy guns.*? But then, like the spokesmen for the Air Service, the
secretary failed to urge any positive course to develop this “most
destructive” weapon or enlarge the latent scope of the air weapon
in general, even after tacitly recognizing its significance. The sec-
retary apparently ignored the implication of the facts he himself
presented. In his eagerness to support the cause of peace, he seemed
to be neglecting his role as Secretary of War.

With the Air Service, the Secretary of War, the Assistant Sec-
retary of War, and the Chief of Staff all dwelling on the auxiliary
role of aviation and stressing observation to be of first importance,
it is not surprising that postwar training followed suit. Perhaps
the best index of doctrine after the war is to be found in the teach-
ings of the service schools rather than in the official pronounce-
ments of doctrine made by high-ranking officials. What the next
generation of officers was to think of aerial doctrine was probably
more significant than what any given official thought on the eve
of retirement, no matter how influential his role during the war
may have been.

A textbook on the Air Service prepared for the Command and
General Staff School in 1920 introduced the air weapon in the ac-
cepted frame of reference. “Teamwork with the ground troops,”
said the text, was “the basic idea” underlying the organization of
aerial units.*® The text presented the airplane as the servant of
the ground arms. The relative importance of observation, said
the author, himself an airman, was shown during the war. Germany,

41. Ibid. As chairman of the Baker Board on aviation in the mid-thirties, Baker
persisted in deprecating the full potential of strategic bombardment even though
the board recommended formation of the GHQ Air Force for “independent” bomb-
ing missions. See Fiinal Report of War Department Special Committes on the Army
Air Corps, 18 July 1934,

42. In a speech at Fort Worth favoring the League of Nations, Secretary Baker
mentioned the aerial torpedo in some detail. See 4rmy-Navy Journal (Washing-
ton, D.C., 24 May 1919), p. 1315. See also n. 41, above.

48. E. L. Naiden, dir Service (Fort Leavenworth, Kans., The General Service
Schools Press, 1920), p. 6.
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France, Italy, and the United States found “more observation
squadrons were necessary for a well balanced army than any of the
other types.” *4 The text of the staff school conceived strategic avi-
ation within the framework of the ground armies. Selection of tar-
gets was assigned to the army staff (G-3). The strategic force was
to be formed of units left over after the tactical needs of armies and
corps had been satisfied.*5 As a later staff school text phrased it,
“Tactical bombing is . . . a necessity, while strategical bombing
15 . . . aluxury.”

Another index of official thinking is found in the types of aircraft
procured following the war. The allocation of funds, always less
than enough, provides a realistic picture of attitudes in the War
Department toward air doctrine. The table below, showing num-
bers and types of aircraft annually accepted from manufacturers,
reflects the shifting emphasis.*’

AIRCRAFT ACCEPTANCES

Pursuit Bombers Observation
1920 112 20 1,000
1921 200 85 270
1922 60 25 200
1923 0 V] 180
1924 35 0 127
1925 18 2 126
1926 83 1 176
1927 49 9 56
1928 69 34 151
1929 78 22 185
1930 108 30 122

44. Ibid., p. 60. Naiden’s attempt to show the importance of observation by refer-
ence to the wartime Powers is exceptionally curious. The author was one of the air
officers who had protested vigorously at the attempts of analysts of the General
Staff to show the importance of aviation for observation by reference to actual
strengths on the front as an index of policy. See above, p. 163 n. 18.

45. Naiden, dir Service, pp. 69-70. While the text of this study boldly introduced
the subject of aerial warfare by stressing the importance of observation and the
servant-of-the-army concept, buried way back on p. 108 one finds in small print, so
to speak, the following priority of bombardment targets: first, industrial ob, jectives;
second, railways; third, troop concentrations in the field. Could it be that the author
was purposefully slipping in this strategic doctrine or were the implications of this
obvious contradiction and inconsistency unrecognized?

46. Corps and Army Air Service (Fort Leavenworth, Kans., The General Service
Schools Press, 1922), p. 26. This text, prepared for the staff school, bears the initials
ELN, probably E. L. Naiden who wrote the text cited above. Subsequent texts for
staff schools during the next 10 years taught substantially the same lessons.

47. Tabulation by General Staff Statistics Branch, 1 Nov. 1938, quoted in AAF
Historical Study No. 44, “Evolution of the Liaison-type Airplane; 1917-1944,” chap.
ii, May, 1946, AAF Archive.
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The character of instruction in staff schools and of procurement
of aircraft in the postwar era clearly shows that the concept of
aerial warfare carried into the peace was well below the maximum
potential of the new weapon.*® Whether by neglect or intention,
the Air Service itself had determined the fundamental make-up of
the heritage from the war years. Once having been promulgated
and written into the record of the war, air doctrine proved hard
to modify.

As early as 1921 the new Chief of the Air Service began to plead
the cause of fuller exploitation of air power. Influenced, no doubt,
by the writings of General Douhet, the Italian theorist, the Chief
of the Air Service divided military aviation into two branches. On
the one hand was air service or aviation serving in cooperation
with armies, corps, and divisions. On the other was air force, which
embraced all aviation of an offensive character. For a “properly
balanced” air arm, the chief believed, air service should comprise
20 per cent of the total available strength and air force 80 per cent.
The prevailing disposition of strength—one group each of pur-
suit, observation, and bombardment—was not, he said, an air arm
of proper composition.*® The composition of the air arm proposed
by the new chief represented a concept of doctrine breaking
sharply with that embedded in military thinking. This new concept
was, in fact, little more than a reversion to the doctrine implicit
in the programs of the Air Service, AEF, before the final 202
program which reflected the probabilities of production rather
than consciously determined policy. In urging the reversion, the
Air Service was doing little more than suggesting a return to the
trends already begun in Europe. But it was too late; the damage
had been done. The “accepted” lessons of the war rested on the
202 program in which aviation for observation predomlnated
Having failed to establish an organization to analyze the experi-
ence of the war objectively and systematically, the Air Service
saddled itself with an inadequate doctrine which it found hard to

48. Further indication of the limited air doctrine taught in military schools is
available in the course materials used by the Army War College during the period
immediately following World War I. A survey of the texts available in the National
War College Library revealed that analytical studies of doctrine, apart from ré-
sumés for the staff schools of all arms and services, were literally nonexistent until
the mid-thirties.

49. Report of Chief of Air Service, Annual Reports of the War Department,
1921, 7, 185. The language used in this report, especially such phraseology as “air
service” and “air force,” is almost a direct translation from Douhet. See G. Dou-

het, The Command of the Air, tr. Dino Ferrari (New York, Coward-McCann,
1942).
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escape.®® Once that doctrine, no matter how faulty, became a part
of the heritage of World War I, it proved difficult to alter. The
airmen, forced to swallow the pill of their own failures, had them-
selves chiefly to blame. As a consequence, they were to spend a
generation struggling to correct the deficiency.

80. The separate-air-force controversy which goes beyond the scope of this study

was brought about, it would appear, in an effort to rectify the neglect of the air arm
itself in formulating doctrine.



Chapter XI. Summary and Conclusion

EvEN THE MosT cursory survey of military history substantiates
the premise that superior weapons give their users an advantage
favoring victory. A somewhat closer study of military history
shows that new and more effective weapons have generally been
adopted only slowly in spite of their obvious advantages. Since the
character of contemporary weapons is such that their production
as well as their use can dislocate whole economies, it is probably
not too much to suggest that the survival of entire cultures may
hinge upon an ability to perfect superior weapons and exploit
them fully. Survival itself, then, appears to depend on speed in
both the development and the utilization of weapons.

The air weapon, from its inception down through the period of
World War I, offers a case study illustrating the problem of
weapons as a whole. In 1914 the airplane was an untried innova-
tion replete with unweighed potential. World War I presented the
United States with an opportunity to exploit that innovation. This
study has been undertaken on the assumption that a close analysis
of how the United States made use of the air weapon might reveal
significant lessons useful in meeting the problem of weapons in
the future.

Exactly what are the lessons to be derived from the experience
of the United States with the air weapon during World War I?
These lessons are much the same as those which might have been
derived equally well from the Civil War or, for that matter, from
any other war. As was true of former conflicts, World War I em-
phasized the necessity for a conscious recognition of the need for
both superior weapons and doctrines to ensure maximum exploita-
tion of their full potential. As a corollary to these two requirements,
the war pointed up the need for administrative agencies to ensure
their fulfillment once they have been recognized as requirements.
The experience of the war showed clearly that wherever military
authorities failed to emphasize the need for better weapons rather
than more weapons they suffered serious disadvantage. Aerial
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warfare along the front proved that an enemy with fewer but
superior weapons was fully capable of containing an opposing
force with an impressive numerical predominance. Quality paid
better dividends than quantity.

The experience of the war also demonstrated that where military
authorities failed to formulate a doctrine to exploit each innova-
tion in weapons to the utmost they suffered further disadvantage.
The example of bombing aircraft presented an outstanding in-
stance of this neglect. Not only did the military authorities fail to
get bombers into production for immediate use during the war,
but as a result of their neglect of doctrine, the air arm acquired no
body of experience from which to derive an acceptable concept of
aerial warfare. Lacking such a concept or doctrine, the air arm
had little to give authoritative direction to development of air-
craft for the future.

Finally, the experience of the war showed that the failure to
emphasize better weapons rather than more weapons and the fail-
ure to attach sufficient importance to the formulation of doctrine
issued directly from inadequate organization. The war revealed
that adequate organization fell into two general categories. The
first of these involved organizations for information, that is, agen-
cies for objective, systematic compilation (at all levels of opera-
tions) of facts, and of facts, indeed, about aerial warfare and doc-
trines of air power both foreign and domestic, facts regarding
tactical developments to serve as a basis for countermeasures, facts
about technical developments, about the result of proof tests, and
about scientific findings for possible application to weapons. The
second of the two categories of organization involved means for
making decisions. The war showed the necessity of organizations
at all echelons for making authoritative decisions based upon in-
formation systematically, objectively, and continuously accumu-
lated by responsible and effective organizations especially created
to gather data. At the same time, the events of the war showed that
decisions based upon opinion, memory, a limited range of personal
experience, or emotional bias led only to failure. These were the
lessons of World War I, but did the air arm learn them?

The evidence here presented leads to the conclusion that the
postwar Air Service made use of only a relatively small portion of
the experience of the war regarding the problem of weapons. For
want of a full appreciation of the need for retaining every last
possible lesson of experience, the Air Service lost or abandoned
many vital policies, procedures, methods, and practices which had
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to be relearned by painful practice in the subsequent years of
peace and war. But with specific regard to the problem of weapons,
there were significant lessons learned as well as lessons lost.

The postwar Air Service did learn conclusively that better
weapons were more desirable than more weapons, but unfortunately
some of the best administrative mechanisms devised during the
war to secure superiority of weapons were abandoned or ignored
in peace. The Air Service manifestly did not learn from wartime
experience the critical importance of systematic formulation of
doctrine as a step essential to successful development of air weap-
ons. In consequence, the growth of the air arm in peacetime suf-
fered a significant handicap.

The available evidence shows that after the war the Air Service
learned the importance of organization for decision and established
channels of command for unified, decisive, and authoritative action
in contrast to the dispersed, ill-defined, and overlapping channels
which existed during the war. On the other hand, the record sug-
gests that the Air Service did not entirely learn the lessons of the
war regarding the importance of organization for information,
for the air arm in the postwar period was certainly deficient in
organizations to secure and study information about foreign con-
cepts of air doctrine. There were no organizations in the air arm
for analyzing critically as well as objectively all aspects of the
heritage of wartime experience. Similarly, the air arm lacked an
organization for continued liaison with science. In sum, these les-
sons learned and unlearned are the measure in which the United
States made use of that hitherto untried innovation, the airplane.

The student of military history should be able to draw a num-
ber of significant lessons from the findings of this study which
may bear upon the larger problem of weapons as a whole. The first
chapter of this inquiry described the English longbow, an innova-
tion in weapons which sat on the kingdom’s back doorstep for 250
years before it was finally exploited to overcome the prevailing
French superiority in numbers and in armored, mounted knights.
Those 250 years may appear to have been an excessively long delay
in the exploitation of a weapon at once so significant and capable
of giving such an obvious advantage. In a vastly accelerated age,
it may be that the United States did no better in waiting some
20-odd years before exploiting the air weapon to the utmost.

Many of the events in this study are a generation old. Subse-
quent history, particularly that of World War II, tends to obscure
the record of the former war. Nevertheless, the mistakes and les-
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sons of World War I still repay analysis. While it is undoubtedly
true that the nation has learned much from the experience of two
world wars, many lessons yet remain to be uncovered if superiority
in weapons is to be maintained. In emphasizing the importance of
method in the development of weapons it is well to recall that as
late as 1939 the navy gave the atom bomb the polite brush-off.
Furthermore, as late as 1940 when the Germans were reported to
be diligently in quest of atomic power for military purposes, the
United States placed only $6,000 in federal funds behind atomic
studies in this country.!

One way to measure the value of this study, would be to read
“guided missile” or any other recent and novel weapon for “air-
craft” of vintage 1918. Thoughtful citizens, layman and specialist,
politician and staff officer, would do well to ask and ask again if
the military establishment of the United States is sufficiently well
organized to develop and exploit to the utmost these newest weap-
ons on the horizon. Failing here, the nation will repeat the sorry
pattern of the air weapon, wastefully groping forward with each
innovation. T exist in a warring world the nation must pick win-
ning weapons ; if military analysts will distill every possible lesson
from the history of two world wars such weapons will be easier to
find and the odds on national survival will go up.

1. H. D. Smyth, 4 General Account of the Development of Methods of Using

dtomic Energy for Military Purposes under the Auspices of the United States
Government, 1940-1945 (Washington, GPO, 1945), pp- 32, 83.



Bibliographical Note

INTRODUCTION

TuE CENTRAL Focus of interest in this inquiry is the exploita-
tion of the aerial weapon by the United States during the period
of World War I. By far the greater portion of the source ma-
terials consulted were the official records of the period in question.
These included the general correspondence or office files of inter-
ested agencies, official publications of annual reports, statistical
summaries, and the like, as well as first narrative drafts of studies
prepared by historical units at various echelons of the War De-
partment. Since the nonspecialist and nonmilitary reader requires
a rather extensive setting to place the problem in its proper con-
text, the early chapters of this study are primarily introductory.
As such, they are quite consciously-based for the most part on
frankly secondary materials.

Chapter 1 leans heavily on published materials, most of which
are readily available. Chapter 2, dealing with the origin of the
interest of the War Department in the air weapon, is but a brief
sketch for background. The period merits a much more detailed
study than the scope of this book permits, but since this chapter is
primarily concerned with introducing the general reader to the
problem, it appeared sufficient to base its contents almost entirely
upen such source materials as reports of the War Department,
semiofficial histories, and critical monographs prepared during
World War II by members of the historical staff of the AAF.
Chapters 8 through 10, the body of the study, are based chiefly on
official documents nearly contemporary with the problems dis-
cussed. Memoirs and similar works have occasionally been used but
always with caution. The disparity between recollections recorded
in retrospect and the facts available in the files of the War Depart-
ment leads one to the emphatic conclusion that the human memory
is highly fallible as a source of historical evidence.
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I. BIBLIOGRAPHIC AIDS

Since this study embraces two fields, the use of the aerial weapon
by the United States during World War I and the broader prob-
lem of development of weapons as a whole, there are two distinct
sets of bibliographic aids which bear on the subject. Bibliographies
dealing with aviation during World War I are, at best, disappoint-
ing. General bibliographies dealing with the war at large occasion-
ally devote a brief section to aviation, but the titles included seldom
go far beyond a dozen or so items, mostly popular publications.

The best single guide to the most important publications on
American aviation in World War I is a Congressional publica-
tion, Pioneer Aviators, Hearings before the House Military Af-
fairs Committee on HR 11273, 70 Cong. 1 Sess., 3 April 1928,
pp. 18-19. Though brief and by no means complete, the titles here
listed embrace most of the available published materials including
Congressional publications, which are of particular importance.

Probably the most extensive bibliography of periodical litera-
ture on aviation in World War I is the NACA Bibliography of
Aeronautics. The volume covering the period 1917-19 (Washing-
ton, GPO, 1923) is of particular value, although editions of suc-
cessive years have entries of interest,

The most fruitful approach to the problem of bibliography made
in planning research for this study came from a survey of the bib-
liographies contained in the monographs prepared by the Air
Historical Office of the AAF in connection with the historical pro-
gram of World War II. (See discussion of individual monographs
below.)

A guide to unpublished materials on aviation in World War I
is to be found in the National War College Library. This compila-
tion, “Aeronautical Information,” a mimeographed list of tech-
nical reports, translations, intelligence reports, etc., was issued
periodically by the Executive Section of the Division of Military
Aeronautics. Unfortunately, the first list did not appear until Sep-
tember 1918, and the last was issued in June 1919. Many of the
documents listed are no longer obtainable, but the lists provide
something of an index to the types of materials for which one might
search. Although the title page describes the lists as abstracts, they
are in fact more properly calendars. The lists are catalogued in
the National War College Library under Z5064, U53, Nos. 1-40,
1918-19.

Taken all together, the bibliographies cited above offer a most
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unsatisfactory set of guides to the problem of this inquiry. The
absence of formal guides is probably inevitable since the special
field of interest here considered is still virtually untilled. If this is
true of the aerial weapon during World War I, it is even more
applicable in the case of the larger problem of the development of
weapons in general. Bibliographies in this field are virtually non-
existent, and those few which do exist are largely concerned with
books on the manufacturing of weapons, such as cannon casting or
gunsmithing, rather than with the administrative problems of
selecting, evaluating, and developing weapons. In the absence of
any specialized guides, probably the best approach to the prob-
lem of weapons is to consult the bibliographies and citations in the
writings of the few authors, such as Brig. Gen. J. F. C. Fuller, who
have shown a particular interest in the field.

No bibliography dealing with source materials in the War De-
partment would be complete without mention of the manual on
filing published by the Adjutant General of the army. Anyone
contemplating research in records of the War Department would
do well to invest a half-hour’s time in studying the volume entitled
War Department Correspondence File, first published in Washing-
ton during 1917 and revised periodically since. This manual de-
scribes the filing system, a decimal derivative, used by the depart-
ment. Whatever may have been the failures and misapplications
of this filing system and however great may have been the abuses
perpetrated by the various organizations using the filing principles
laid down, a familiarity with the manual cannot help but assist in
the work of research.

II. MANUSCRIPT AND OTHER
UNPUBLISHED SOURCE MATERIALS

The unpublished materials used in the preparation of this study
were drawn from a large number of collections including those
of the National Archives, the Air Force Central Files, the Air
Historical Office, the National War College Library, the Library
of the Industrial College of the Armed Forces, and the Wright
Field (Air Materiel Command, Dayton, Ohio) Historical Office
Files. Materials used from each of these collections are described in
some detail below.
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NAaTioNAL ARCHIVES

Of all the archives explored, probably none was more useful
than the National Archives, which houses a whole series of record
collections pertinent to this study. These several separate collec-
tions fall within two different official classifications within the
larger framework of the system of classification used by the Na-
tional Archives. Record group 18 contains materials pertaining to
the Air Service and the Bureau of Aircraft Production in the
United States. Record group 120 contains materials pertaining
to the Air Service, AEF. During World War II the former was
utilized to a limited extent by the handful of officers who were aware
of its existence. The latter, containing the AEF materials, has
apparently remained virtually untouched since immediately after
World War I. Therefore, because these collections of documents
represent a vein of unworked materials, the detailed description
undertaken below is somewhat more extensive than might other-
wise seem necessary.

Record group 18 in the National Archives contains at least
seven different sets of files which were of particular interest in the
preparation of this study:

1. The Bureau of Aircraft Production Historical File. This
collection, which consists of more than 30 file boxes, houses the
working papers accumulated during 1918 and 1919 by a historical
staff in the Air Service which was preparing a record of the BAP
during the war. The labels on the boxes, as in the case of most
items in record group 18, are misleading. The caption, as given,
is “Army Air Forces, Bureau of Aircraft Production, 1918-1920.”
The use of AAF here is of course erroneous, and the contents of
the files cover the period 1917-19 rather than 1918-20 as indi-
cated. (All the other file collections of record group 18 in the Na-
tional Archives bear the misleading caption of the AAF.) This
collection of files contains voluminous compilations of statistics
regarding aircraft production, copies of correspondence concern-
ing policy on the development of aircraft, and a large amount of
information on organization. Scattered throughout the files are
typescript copies in rough draft of chapters prepared for a history
of aircraft production during World War I. These materials were
exceptionally useful in writing this study and, in addition, con-
tained many leads to materials in other collections.

The caliber of the draft chapters of the history of the BAP
varies markedly. Some, although substantially accurate in fact,
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are almost incredibly naive. Many of the chapters appear to have
been written by persons without a comprehensive grasp of the
larger problems encountered in developing the aerial weapon. At
least 18 different writers participated in the project and possibly
as many more research workers. The writers appear to range in
ability and historical objectivity from a few well-trained historians,
cautious and wary in their treatment of the evidence available,
to those with a standard of writing best characterized as journal-
istic. The evidence of the files indicates that the officer supervising
the project, Capt. J. L. Ingoldsby, Chief of the Air Service
Historical Section, was a painstaking workman setting high stand-
ards of accuracy in detail though willing to accept narrative ac-
counts in a large measure devoid of evaluation and analysis.

The Historical File of the BAP is of interest as an example of
an unusual historical technique. Confronted with the task of writ-
ing a history of aircraft production, the historical staff of the Air
Service established a set of files using the standard decimal sys-
tem of the War Department. Into this framework the staff ap-
parently poured all manner of historical materials—copies of cor-
respondence, clippings, Congressional hearings, reports from the
War Department, and the like. Then, using this as a background,
research workers in special fields pursued specific lines of interest,
compiling individual dossiers of information for each chapter in
the projected publication. These folders of “foundation data,” as
they were called, contain chronological outlines of the problem in
question, true copies of important pieces of correspondence, sta-
tistical tables, reports, and illustrations. The chapters written from
these compilations appear to have been the work of teams of writ-
ers and research workers rather than individuals. The marginal
notes, buck slips, and editorial changes entered in Captain Ingolds-
by’s hand provide an additional basis for appraisal of the docu-
ments compiled.

The history of the BAP, which was finally completed during
1919 and 1920, consisted of more than 2,000 typescript pages.
Unfortunately this manuseript never reached publication. One
copy of the draft in typescript, the original, is believed to have
been lost in the fire which destroyed so many records of the Air
Service at Bolling Field, Anacostia, District of Columbia, during
the early twenties. Another copy, consisting of several bulky
volumes of carbon second sheets, was “lost in the files” for more
than 20 years. It was recovered during World War II from an ob-
scure corner in a Detroit office building by the Wright Field
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Historical Officer, too late to be of real value to staff officers in this
war. This second or carbon copy is now on file at the Wright Field
Historical Office, and a microfilm “edition” of it is on file in the
Library of the Industrial College of the Armed Forces in Wash-
ington. The utility of this manuscript is considerably impaired by
a lack of documentation, apart from occasional internal references
in the text itself. Although the history of the BAP actually was
based on official records, as the working papers in the National
Archives reveal, a careful historian working only with the micro-
film or typescript copies would have no such assurance.

The working papers of the historical project of the BAP in the
National Archives which were of exceptional value in preparing
this study are listed below by box number and file number. These
papers should be considered virtually indispensable to anyone
studying the development of aircraft during World War I because
they represent an all-inclusive survey or cross section of all the
agencies involved.

Box 4: see especially files 820.8, Reorganization of the Air
Service, and 321.9, Functions of the Ajr Service, as well as 821.9,
Air Service Program.

Box 5: see 321.9, Requirements Division.

Box 6: see especially 311.2, Ribot Cable. This file contains
many items of particular interest regarding Ribot’s fateful cable.

Box 7: see 314.7, Bureau of Aircraft Production History, Gen-
eral, which contains many chapters in rough draft of the unpub-
lished history.

Box 8: see especially 333.5, Investigations, General. This file
contains a chapter by one J. A. Beck dealing with the several in-
vestigations of the aircraft program. Because of its controversial
nature and frankly critical contents, it was to have been deleted
from the published version.

Box 9: see 334.7, Aircraft Production Board. This file contains
an index to the central files of the board, a useful research tool.
See also 334.7, Joint Army-Navy Technical Board, and 334.7,
National Research Council History. Under 334.8, Overseas Mis-
sions, a draft chapter on the history of the BAP entitled “The
Formulation and Distribution of Programs” is misfiled. This was
particularly helpful in the preparation of this study, although the
text is subject to criticism as containing many unwarranted as-
sertions, the tables of statistics presented do check with other
verifiable materials.

Box 10: under file number 834.8 see especially the files on the
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Bolling Mission, the Spaulding Mission, the Waldon Mission, and
the Lockhart Mission. Each of these files and the draft manuscripts
of chapters they contained were of particular interest to this study.
Under 336.91 see British War Mission, and Foreign Missions, the
latter rather scanty.

Box 20: see 452.1, Airplanes along the Western Front, contain-
ing Lt. Col. V. E. Clark’s postwar summary of the problem of the
air weapon, an unusually shrewd appraisal. This box contains a
file, also under 452.1, on the Bristol Aircraft.

Box 21: see 452.1, Caproni Contract, and 452.1, Caproni His-
tory.

Box 23: see 452.1, Handley-Page.

Box 31: see 471.62, Aerial Torpedo.

2. Bureau of Aircraft Production, Executive Office Files. Na-
tional Archives record group 18 contains a number of other collec-
tions of files of interest to this study. Next in importance to the
Historical File are the materials of the Executive Office of the
BAP. As the coordinating office of the BAP, the Executive Office’s
papers, like those of the Historical File, present more of a cross
section than one might expect to find in any other agency at the
operating level. These papers include general correspondence,
staff studies on policy, interoffice memoranda, buck slips, and the
like, many of them entertaining as well as significant. Items of
particular interest are listed below.

Box 6: see 026.4, Bureau of Aircraft Production, 026.4, Scien-
tific Research, and 026.4, Air Service, AEF.

Box 65: see 334.8, Aircraft Board.

Box 67: see 334.8 entitled Bechereau Mission, which contains
data on the SPAD Mission.

Box 81: see 402.1, Technical Data, one of the most useful files
in the entire collection of the Executive Office, with many insights
into the complexity of the problem of liaison for technical informa-
tion.

In addition to the BAP Historical files and the files of the Execu-
tive Office, record group 18 in the National Archives contains five
other file collections which, though extensive, were of relatively
less value in preparing this particular study.

8. The Files of the Administrative Division of the Division
of Military Aeronautics. These files, the DMA counterpart of
those from the Executive Office of the BAP, contain a few items
of great value to this study, but most of the contents deals with
postwar problems. The inclusive label date, 1918-20, is applicable
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here. Some of the more helpful items regarding the problem of
developing the aerial weapon are listed below.

Box 3:821.9, Science and Research Division, contains some cor-
respondence which rounds out the materials in the files of the
BAP.

Box 12: 400.112, Specifications.

Box 14: 452.1, Airplanes 1919-1920, contains data on the
postwar establishment.

Box 16: 461, Libraries, contains materials on the problem of
technical information.

Box 20: 835, Executive, contains items regarding organizational
policy.

In this file collection, as in all the others included in National
Archives record group 18, the frequency of misfiling impedes re-
search. The labels are no certain indication of contents. While
the decimal system of the War Department gives an approxi-
mately standard framework to all the files, one cannot select a file
number and expect to find under it all those materials originally
filed there. A generation of moving about from one warehouse to
another has transposed whole segments of records. Individual fold-
ers contain as many as four different decimal files. These materials
have not yet been worked over by the staff of the National Archives,
and the research worker should not be surprised to find a hetero-
geneous collection of dime novels, newspapers, and other such
materials hastily cached by long-forgotten file clerks at the unex-
pected appearance of a supervisor. In short, there is no alternative
to the slow process of leafing through each individual file.

4. The Bureau of Aircraft Production Miscellaneous Historical
File. This collection of less than a dozen boxes contains only one
box of worth-while materials. Although the archival records desig-
nate these files as the Miscellaneous History Files of the BAP, the
shelf boxes are entirely unlabeled, making the game of research
less scientific but infinitely more interesting.

Box 1 contains a number of very useful items on organization,
including files 167.2, Peace Organization ; 321.9, Organization of
DMA, with many extraneous items not at all connected with DMA ;
321.9, Organization of the Air Service, and 321.9, Air Service,
Training, History and Organization, AEF; and 026, BAP. This
same box also contains two items not filed decimally. One of these,
a lecture by Maj. F. P. Lahm given at West Point 13 February
1920, is entitled “History and Development of the Air Service,”
a rather pretentious heading for such a brief sketch. Another
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pamphlet, with the same caption on the folder bears the title
“History of the U. S. Army Air Service 1862-1920” with the no-
tation “Printed (mimeographed) on order of The Adjutant Gen-
eral for publication by Century Co.,” 1 October 1920. Apparently
the project to publish fell through because no such volume seems
to have appeared.

5. The Finance Advisory Board File. This file, labeled Air
Service 1918-1926, contains a series of case folders, serially num-
bered, each case being a staff study made by the board. The label
“Finance Advisory Board” is misleading. The board may have been
so called for a brief period, but during most of its existence it
was called simply the Advisory Board. In reality it was a rudi-
mentary staff to the chief of the postwar Air Service. The cases
or staff studies contained in this collection vividly illustrate the
organizational weaknesses of the new air arm. The following cases
were useful: 179, 219, 291, and 310. Taken collectively, the series
represents an excellent object lesson in organization and operat-
ing methods of a staff.

6. Office of Chief, Air Service, Files. This file collection is er-
roneously labeled “Balloon School.” Actually it contains the files
of the Executive Office of the Air Service, Office of the Chief of
Air Service. Largely concerned with the period 1919-26, these
files contain only a few items of interest to this study. See es-
pecially Box 170, with charts on the organization of the Division
of Military Aeronautics.

7. AEF Cable File. The seventh collection of files in National
Archives record group 18 of particular interest to this study is
radically different in character from all the other collections. This
file contains copies of cables from the AEF to the United States.
Several sets of cables fall within this group. These include Persh-
ing’s cables to the War Department (regarding aviation), Sims’
cables to the Navy Department (regarding aviation), and Boll-
ing’s cables to the War and State departments. The collection con-
tains messages originating in both London and Paris.

The cables embraced in this collection appear to be “action
copies” rather than code-room originals. To historians not familiar
with military practice a word of explanation may be helpful. Al-
though the best historical tradition teaches that “originals” are
more authentic than “copies,” the file of cables presents a special
case. The original typescript sheets from the code room consist
of long messages to the War Department as a whole. As they were
decoded, sections of these blocked messages were broken off and
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sent to the chief of service concerned, or the Chief Signal Officer
in the case of aviation in 1917. Such copies, in the hands of in-
dividual chiefs of service, became “action copies,” the bases upon
which subsequent actions were taken. Thus, the “copies” became,
In some ways, more important than or at least equally as im-
portant as the “originals.” The cables of the AEF in record
group 18 appear to have been “action copies” for the Signal
Corps. The fact that they bear marginal notations, queries, and
interlinear additions supports this view.

To understand something of the difficulty surrounding the use
of transatlantic cables, one must appreciate their appearance on
receipt. Written entirely in capital letters with a minimum of
punctuation confined to spelled-out instructions, the cables were,
at best, confusing. The difficulties of transmission were further
increased by an acute shortage of trained cablemen and code
clerks. Added to these difficulties was the confusion resulting from
varied routings of messages; some were sent direct, some through
the military attachés in London or Paris, and some through the
State Department.

The cables of the AEF on aviation in the National Archives are
still tied in corded bundles which are hard to use. All are arranged
chronologically. Some are grouped by subject, e.g. “SPAD Air-
craft” or “Liberty Engine”; others, mostly questions of policy,
are grouped under the heading “Pershing Cables,” although many
are of course signed by subordinates. Postwar Congressional hear-
ings and contemporary periodical literature show rather amusing
evidence of surprise at learning that all cables signed “Pershing”
were not really seen by him. The cables from the AEF on aviation,
by whomever signed, consist of a Jjumbled mass of documents in
which personnel matters, personal trivia, highly technical engineer-
ing data, as well as broad questions of policy are all run together.
This jumbled mass of information was sometimes additionally
garbled by the language of transmission, which should give the
reader an appreciation of some of the difficulties lying behind the
program for aviation during World War I. Any attempt to assess
the transatlantic relations of the day should include this factor
of confusion in exchanges by cable. These messages were highly
useful in the preparation of this study even though copies of al-
most all significant cables are to be found scattered throughout
the files of the operating agencies. An additional word of warning
may be in order: many of the cables are meaningless, or relatively
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so, unless read in conjunction with letters sent by slower trans-
portation.

Of the two major collections in the National Archives of ma-
terials from World War I pertaining to aviation, record group 18
was probably the most significant in shaping this study. Neverthe-
less, materials classified in record group 120, dealing with organi-
zational records of the Air Service, AEF, were useful in supple-
menting the point of view of “supply” with the point of view of
“operations.” In the broad range of record group 120, two dif-
ferent file collections were consulted, the Air Service Historical
Records and the Air Service History itself.

1. World War I Organization Records, Air Service Historical
Records. These files, more than 2,000 shelf boxes, consist primarily
of the working papers of the Air Service, AEF, historical project
begun in France during the closing months of the war and con-
tinued in the United States during 1919-20. Included in these
files are the papers used in the preparation of the history of the
Air Service, AEF (see below), the papers used in preparing the
final report of the Chief, Air Service, AEF, and those used in
drafting the articles published in the postwar Air Service In-
formation Circular. The collection includes chapters in draft form
and, in some cases, materials used in compiling those chapters
for the unfinished history of the Air Service. The files also included
some histories of subordinate echelons. The correspondence and
administrative files of the historical project itself provide revealing
indications of the methods used in conducting research and compil-
ing the reports contained in the collection. Like that of the BAP,
the historical project of the Air Service, AEF, used the decimal
filing system of the War Department as a master framework for
collecting data over the entire range of subjects involved.

The project appears to have been under the supervision of Col.
E. 8. Gorrell, one of the boy colonels of World War I (he was 27
at the end of the war). The career of Colonel Gorrell presents a
paradox. While a member of the Bolling Mission in 1917 he advo-
cated mass production of bombers by the United States. Then,
during the latter part of 1918 when he served as Chief of Staff
for the Air Service, AEF, and later as head of the historical
project, the colonel advocated the primary importance of “air
service” over “air force,” putting first priority on aircraft for
observation. Finally, writing and speaking in 1940 as a civilian
official in an association to foster commercial air transport, Gor-
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rell once again favored strategic bombardment. Since this individ-
ual officer played a critical role all during the period discussed
in this study, a narrower investigation of his shifting opinions
might prove highly meaningful.

Items of particular interest in the Historical Records of the
Air Service, AEF, are listed below.

Box 1 contains copy in rough draft and data on the research
used in compilation of the final report of the Chief, Air Service,
AEF. This box also contains data for the report of the assistant
chief and “Tactical History of American Day Bombardment Avia-
tion,” a brief draft in typescript. Perhaps the most important item
of Box 1 is a decimal file index or guide which provides at least a
rough map of the relatively unexplored materials in the 2,000 boxes
of this collection.

Box 2 contains data collected by Col. E. S. Gorrell referring
to the early activities of the Air Service, AEF, i.e., to the period
of the Bolling Mission.

Box 3 contains excerpts from Gorrell’s testimony before Con-
gressional bodies during the postwar period.

Box 800 contains versions in rough draft of several chapters (iii,
iv, v of Vol. 1) of the history of the Air Service, AEF, which never
reached publication. Marginal notes, buck slips, and other file
conterrts show that some of the chapters were prepared with con-
siderable care, quotations checked for accuracy, documentation
checked, etc. However, from such materials as are available, it
would appear that as a whole the historical project of the Air
Service, AEF, was neither comprehensive nor critical.

Box 817 contains printed copies of the 100-odd Information
Circulars published by the Air Service to consolidate the lessons
of the war. Although specifically declared to be “unofficial” (i.e.,
lacking formal approval of the General Staff), these publica-
tions mirror the prevailing opinion in the formal reports of the
é;; Service, AEF, and the postwar Air Service in the United

tes.

Box 512 contains, under file 452.1, a copy of the report of the
Statistics Branch of the General Staff, “Distribution of Service
Planes as Related to Military Policy,” a document of particular
concern to the central thesis of this study.

. 2. dir Service, AEF, H istory. This collection of 60-0odd volumes
In typescript of varying format is irregularly titled. It is com-
monly called “Gorrell’s History” or by the designation in the head-
ing above. Only one typescript copy is available. As the final
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product of the historical project of the Air Service, AEF, this
collection is a curious hodgepodge. It appears to consist of an un-
critical assembly of letters from commanders at various echelons,
histories of units, and organizational studies. Emphasis appears
to rest heavily on form rather than upon operations or functions.
Documentation is occasional and casual. The volumes entitled
“Lessons Learned” belie the promise of their title; typical of the
whole series, they are unsystematic, not comprehensive, and in-
conclusive. In the absence of anything else of a comparable nature,
however, these histories are valuable and useful. Nevertheless, con-
sidered collectively, they represent a disconcertingly slim heritage
from the aerial operations of World War I. In the preparation of
this study the histories were used sparingly in favor of the source

materials contained in the working papers from which they were
compiled.

Air Force CeEnTrAL FILES

The Army Air Forces Central Files, inactive section, contain
some materials of use in this study. These files, the unclassified
central files of the Air Service, Air Corps, and the Army Air Forces
Headquarters, are officially considered to date from 1919 to 1945,
but there are many papers preceding the initial date. Portions of
this collection remain in the custody of the Adjutant General’s
Office, Records Branch (Air Force Section), in a warehouse near
the Pentagon, but the bulk of the material has been transferred to
the National Archives since the completion of this study. Alto-
gether the collection contains more than 1,900 individual folders
of correspondence, staff reports, interoffice memoranda, and pa-
pers of a similar nature. Only a very small portion of this material
dates back to the period of this study.

The Air Force Central Files use the decimal system of the War

Department down to the year 1942. The following file numbers of-
fer a guide to pertinent materials

041.2, Military Attachés

059, Statisties

834.7, Advisory Boards

334.7, Airplane Boards

834.7, Army-Navy Joint Boards

834.7, Board on Organization of the Air Service in Peace

834.8, National Advisory Committee for Aeronautics
834.8, National Research Council

850.05, Collection of Military Information



192 IDEAS AND WEAPONS

850,051, Dissemination of Military Information
860.02, Foreign Aviation

885, Methods and Manner of Conducting War
400.112, Tests and Experiments

452.1, Experimental Airplanes

AATF HistoricarL OFFICE
During World War II the AAF established an elaborate his-

torical project which survived into the peace somewhat more suc-
cessfully than its predecessor of World War I. Since the name of
this organization has changed with the seasons, throughout this
study the documents in its files have been cited AAF Archive.
This historical project of World War IT encompasses an impres-
sive program of histories of units at all echelons and specialized
monographs of operations at headquarters as well as compre-
hensive studies on problems of policy. The Air Historical Group,
as it is currently called, has some 6,000-odd unit histories in its
files with an estimated 400,000 supporting documents. Of approxi-
mately 100 monographs projected, more than 70 have been com-
pleted. The catalogue of the Air Historical unit offers a useful
bibliographical tool for research in military aviation. Some of the
monographs completed by the office during the war and repro-
duced in five or six typescript copies were of value in preparing
the background of this study. Well documented and written, for
the most part, by trained historians, these monographs represent a
significant contribution to the slender literature on policy regard-
ing the development of aircraft. Although these monographs are
not strictly source materials, for convenience they are included here
with the discussion of the source materials of the archive in which
they are to be found. Moreover, many of the monographs contain
appendices of significance as basic sources, and in preparing this
study the use made of them was primarily for these source materials
rather than for the conclusions expressed in the monographs. The
following were most frequently consulted:

No. 25, “Organization of Military Aeronautics; 1907-1935,”
issued December 1944 ; contains appendices with basic legislation ;
useful for reference.

No. 39, “Legislation Relating to the Air Corps Personnel and
Training Programs; 1907-1939,” issued December 1945.

No. 44, “Evolution of the Liaison-Type Airplane; 1917-1944,”
1ssued May 1946 ; presents the case history of one weapon as illus-
trative of the broader problem of aviation as a whole.’
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No. 50, “Material Research and Development in the Army Air
Arm; 1914~1945,” issued November 1946 ; an exceptionally valu-
able study analyzing many of the factors behind the development
of aircraft; contains a useful section on the NACA.

No. 54, “The Development of Aircraft Gun Turrets in the
AAF;1917-1944,” issued May 1947 ; a case study similar in scope
and purpose to No. 44, cited above.

In addition to the monographs prepared by the Air Historical
Group, the files of the Historical Office contain a large number of
records collected while the monographs were being written. These
records include such items as organizational manuals of DMA and

the early Air Service, organization charts, staff studies, and the
like.

WricaT Fieip HisTtorical Orrice FiLEs
(4ir Materiel Command, Dayton, Ohio)

Wright Field, or the headquarters of the Air Materiel Com-
mand, was the center of experimental engineering for the Air
Forces. For this reason the files of the Historical Office contain
many items of interest in connection with the problem of develop-
ment of airplanes. During World War II the historical program at
Wright Field was coordinated with the historical program of
Headquarters, AAF, in Washington, and the remarks above con-
cerning the collection of records at the Washington office apply
generally to those at the office at Wright Field. In this study the
files at Wright Field proved exceptionally useful with regard to
the Engineering Division and its initial problems in the transition
from war to peace. The most important single item at Wright Field
pertaining to World War I is the multivolume copy in typescript
of the history of the BAP, the only known complete copy in
existence, excluding, of course, microfilm reproductions of this
copy.

NaTtionarL War CorLEGE LIBRARY

The National War College Library should not be overlooked as
the repository of an unusual collection of documents. It also houses
an extensive collection of publications on military subjects. Many
military records of transient official interest, short-term periodi-
cals, reports of units long since deactivated, and other similar
fugitives have been accessioned in the War College Library where
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they are, in some cases, unique items. Included in this body of ma-
terials, largely typescripts or photostats, are numerous transla-
tions from foreign military periodicals, copies of lectures delivered
at the War College, reports by students on special topics, statis-
tical reports of the General Staff, and operational reports from
units in the field with the AEF and other organizations. Lectures
and papers by students were useful in documenting the character
of military thought on air doctrine during the postwar period, and
statistical studies of the General Staff were of particular value in
appraising methods used by the staff in formulating doctrine. Out-
standing among those documents in this collection which were of
importance in the preparation of this study were the reports in
the periodical series published by the Air Service, AEF. Variously
styled “Air Service Activities,” “Weekly Reports,” or “Progress
of Air Service Activities” and issued first by the Coordination
Staff, Air Service, AEF, then by the Executive Section, this series
of 81 reports ran from October 1918 to May 1919. There were
31 volumes in all, the final volume containing an index. The whole
collection provides a compendium of factual data, statistics, and
the like on activities of the air arm. The volume of Armistice week
1s a particularly useful review.

The collection of documents at the War College also contains one
of the analytical reports on air operations issued by the Statistics
Branch of the General Staff, “Statistical Analysis of Aerial Bom-
bardment,” Report No. 110, ¥ November 1918. Unfortunately,
only scattered reports from this series are available. There is, ap-
parently. no complete collection extant. For that matter, there is

no evidence available to indicate that the projected series was ever
completed.

LiBrARY oF THE INDUSTRIAL COLLEGE OF
THE ArRMED FoOoRCES

Like the National War College Library the Industrial College
Library contains a collection of documents which may be interest-
ing to the student of development of the air weapon. But since
comparatively few items of special value in the preparation of this

study were found there, the collection requires little more than
mention.
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III. PUBLISHED MATERIALS

Published materials utilized in this study fall into the two cus-
tomary groups—primary source materials, such as official reports
of the War Department and Congressional reports and hearings,

on the one hand, and unofficial, more or less secondary materials on
the other hand.

PusricaTioNs oF THE WAR DEPARTMENT

1. Annual Reports of the War Department. These reports, in-
cluding the report of the secretary, the Chief of Staff, and the
reports of technical services such as the Signal Corps, were con-
sulted frequently in the preparation of this study. Reports most
frequently employed were those covering the years 1904 to 1922.
Anyone utilizing annual reports of the War Department should
be familiar with the method traditionally used in compiling them.
The chiefs of divisions in subordinate echelons are called upon for
contributions covering the activities of their organizations. The
sum total of these reports is then edited at the echelon issuing the
report. The final result is thus fréquently somewhat uneven as to
both form and content. It often happens, when the highest echelon
limits its editing to syntax rather than content in terms of policy,
that the report as published contains views more nearly those of
the chiefs of the operating divisions than of the chief of the higher
echelon who passively accepted and approved the reports sent
forward to him. It is this method of compilation which occasionally
results in annual reports of the War Department containing special
pleas of a disproportionate character for personnel, funds, or
recognition of relative importance for subordinate units.

R. Special Reports of the War Departnient. In this group of
materials are included all publications appearing within the de-
partment but not necessarily bearing the imprint of the depart-
ment. These publications, for the most part consisting of items
issued by the chiefs of Arms and Services within the War Depart-
ment, represent some of the most significant materials used in this
study. They embrace intelligence reports, studies on policy and
final reports of operations, statistical summaries, and related ma-
terials. Those most frequently consulted or of particular value
are discussed below.

In the general field of method in the development of weapons
broadly considered, probably no single publication was more use-
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ful or more entertaining than Brig. Gen. S. V. Benet, ed., 4 Col-
lection of Annual Reports and Other Important Papers Relating
to the Ordnance Department (Washington, GPO, Vol. 1, 1878,
Vol. 2, 1880, Vols. 3, 4, 1890; title varies slightly in successive
volumes). Edited by a onetime Chief of Ordnance, this little-known
collection of documents relating to the Ordnance Department is
even more valuable than its title might indicate. Historians with
problems ranging far beyond the confines of ordnance could utilize
these documents, which reflect interests in every sphere of public
life, social, economic, and political. An extremely detailed index
greatly enhances the value of the volumes. Correspondence repro-
duced on p. 478 and the pages following in Vol. 3 provides useful
bibliographical data regarding the compilation of records of the
Ordnance Department.

In the narrower field of the air weapon in particular, there are
about a dozen publications emanating from various offices within
the War Department which are of special interest. An early and
unusual statement of policy regarding the air weapon is to be
found in Military Aviation, House Document No. 718, 62 Cong.
2 Sess., 26 April 1912. This 80-page document contains a letter
by the Secretary of War transmitting data on aviation requested
by the House of Representatives. It includes information on the
status of military aviation in Europe, the existing establishment
for aviation in the Signal Corps, and programs recommended for
future expansion. Particularly interesting is the nonconcurrence
of Secretary H. L. Stimson in proposed expansions of personnel
for the air arm.

Brig. Gen. G. P. Scriven, The Service of Information (Wash-
ington, GPO, 1915), published as Circular No. 8 of the Office of
the Chief Signal Officer, contains an early statement of doctrine.
Although nominally attributed to the Chief of the Signal Corps,
this item probably represents the combined efforts of several of-
ficers. It contains some elaboration on doctrine as formulated by
the signal chief before Congressional hearings but adds little or
nothing to the basic policies earlier enunciated. Another document
of this character is Military Aviation (Washington, GPO, 1916),
published as War Department Document No. 515 by the War
College Division of the General Staff to provide a supplement on
aviation to the already existing general statement of United States
military policy. This 18-page document presents a plea for ex-
pansion but does not develop aerial doctrine appreciably beyond
the position enunciated earlier.
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A brief but vigorous statement of a most advanced concept of
air doctrine appears in General Principles Underlying the Use of
the Air Service in the Zone of the Advance, AEF (Printing Of-
fice, AEF, 8 Oct. 1917). Despite its origin, this document does not
bear the authenticating signature of either the Commander-in-
chief of the AEF or his adjutant general. A title-page note, “These
principles will be held in mind by all personnel . . . ,” signed by
Col. William Mitchell, gives a clue as to both the origin and unof-
ficial status of this exposition of the functional division between
strategic and tactical aviation.

A useful compilation of information on production is to be
found in Col. G. W. Mixter and Lt. H. H. Emmons, United States
Army Aircraft Production Facts (Washington, GPO, 1919). The
two officers who compiled this report at the request of Assistant
Secretary of War Crowell were both involved in activities of the
Bureau of Aircraft Production during the war. Insofar as the
report deals with statistics, the facts presented compare favorably
with source materials in the papers of the BAP in the National
Archives. But along with the facts the authors have injected much
that is opinion which, coupled with the presence of many defensive
omissions, requires one to utilize this document with caution. This
compilation raises an interesting historical problem: just how “of-
ficial” is such a publication? Although it was prepared “at the
request of the Assistant Secretary of War” and issued by the Gov-
ernment Printing Office, the title page gives no indication of or-
ganizational responsibility. In the absence of any such indication,
it seems imperative to assess the compilation as the product of the
authors as individuals rather than as officials of an organization.
In this particular instance alternate sources indicate the general
correctness of the statistics presented. Nonetheless, the problem
is worth mention because it is not unique. When dealing with
government publications, it is well to remember that the imprint
of the Government Printing Office is no guarantee of official
sanction or approval or, for that matter, of accuracy.

For detailed information regarding the operations and activities
of the Air Service, AEF, there is no publication comparable to the
Final Report of the Chief of Air Service, AEF, originally sub-
mitted in March 1919 and subsequently reprinted in the 4ir Serv-
ice Information Circular, Vol. 2, No. 180 (15 Feb. 1920).
:Although valuable as a compendium of factual information regard-
ing aerial activities in the AEF, this report is surprising in its fail-
ure to derive significant lessons regarding doctrine in a coherent
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and codified form. The whole report is badly organized. Of a simi-
lar character is the Final Report of Gen. John J. Pershing,
Commander-in-chief, American Expeditionary Forces (Washing-
ton, GPO, 1920), which is noteworthy, insofar as aviation is con-
cerned, for its failure to indicate anything of significance about
the air weapon.

A most useful compendium of information regarding materiel
for the air arm in World War I is contained in Assistant Secre-
tary of War Benedict Crowell, America’s Munitions; 1917-1918
(Washington, GPO, 1919). As in the case of the publication by
Mixter and Emmons, the official character of the volume is open
to question. The opinions expressed by the author (the volume
was actually compiled by others) are not to be accepted as official
declarations of policy even if the statistics on production are taken
at face value. B. Crowell and R. F. Wilson, The Armies of In-
dustry (New Haven, Yale University Press, 1921), is little more
than a rewrite of the volume of 1919.

After the war the Historical Section of the Army War College
prepared a study, The Signal Corps and Air Service ( Washington,
GPO, 1922), which appeared over the signature of the Chief of
Staff as an approved monograph (No. 16 in the series at the Army
War College) for use by officers of the army at large. The publica-
tion is of interest only as one to avoid. It is uncritical, badly or-
ganized, poorly written, difficult to use. As a monograph this work
might properly be classified under secondary publications, but
since its use is not recommended, it may not be out of place to men-
tion it here with the source materials of the War Department.

For an indication of air doctrine taught after World War I as
distinguished from the doctrine declared as official, Capt. E. L.
Naiden’s dir Service (Fort Leavenworth, Kans., The General
Service Schools Press, 1920), a textbook of the Command and
General Staff School, is probably the most reliable single index
available. Subsequent texts of staff schools show little or no devia-
tion in doctrine for a number of years. Both Corps and Army Air
Service (Fort Leavenworth, Kans., The General Service Schools
Press, 1922) and Tactics and Technique of the Separate Branches
(Fort Leavenworth, Kans., The General Service Schools Press,
1924) repeat the tenets of the earlier text. The most noteworthy
fact about postwar military publications on doctrine is the almost
complete lack of interest in the subject on the part of the Ajr

Service. Not until the thirties did texts begin to appear bearing
the imprint of the air arm.
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CONGRESSIONAL PUBLICATIONS

Congressional publications provided a wealth of source material
for the preparation of this study. Some of the more important are
discussed in chronological order below. One might well question the
propriety of using transcripts of Congressional hearings indis-
criminately as a source of facts. That witnesses before Congres-
sional committees frequently testify under oath does not, of course,
alter the circumstance that testimony given months or even years
after the events discussed is dubious, at best, regarding detail.
Similarly, the Congressional imprint should not blind one to the
character of the motives of witnesses. But despite special pleading
and lapse of memory, Congressional hearings, especially those in
connection with the War Department, have a high value as source
materials. Officers frequently appear with true copies of reports
and correspondence from official files which are reprinted in full.
Judiciously used, these hearings can provide much in the way of
sources. Congressional reports containing the findings or con-
clusions of such hearings are, of course, quite another matter.

One of the earliest Congressional publications on aviation, 4ero-
nautics in the Army, Hearings before the House Military Affairs
Committee on HR 5304, 63 Cong. 1 Sess., 12 Aug. 1913, demon-
strates one of the points mentioned above. While the testimony of
various witnesses reflects opinions, guesses, and bad memory, the
published hearings include statistical data on the existing organi-
zation of the Signal Corps as submitted in a report of the Chief
Signal Officer.

dircraft Production, Hearings before a subcommittee of the
Senate Military Affairs Committee, 65 Cong. 2 Sess., June to Aug.
1918, Vols. 1 and 2, offers a wealth of material concerning the
evolution of policies on the development of air materiel during the
war. The final conclusions of these committee hearings, printed as
Aircraft Production in the United States, Senate Report No. 555,
65 Cong. 2 Sess., 22 Aug. 1918, are of less value than the hearings
themselves. The report not only is poorly organized but also fails
to isolate and assess the critical difficulties of aircraft production
during wartime. The Senate report is markedly inferior to that
prepared by Hughes (see below), although it covers essentially
the same area of interest.

The so-called Hughes Report was prepared at the President’s
request by the Department of Justice. The original report took
the form of a letter from Charles Evans Hughes to the Attorney
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General, 5 October 1918. The text of this letter was widely re-
printed at the time. Although the text appearing in the periodical,
Automotive Industries, the Automobile, 39, No. 180 (381 Oct.
1918), 745 ff., has been used for convenience in preparing this
study, the report may also be found in the Congressional Record,
67, No. 26 (8 Jan. 1919), 1032-62. Even if one disregards the
conclusions of the report, the facts recited in this document were
of particular value in supplementing extant archival source ma-
terials. Many of the records quoted are no longer available. No
single document of the period gives such a comprehensive picture
of the difficulties of production during World War I.

The hearings of the Graham Committee of World War I, which
may be likened to the Truman Committee of World War 11, con-
tain two volumes devoted exclusively to aviation. This Congres-
sional publication is entitled War Expenditures, Hearings, Select
Committee on Expenditures in the War Department, House of
Representatives, 66 Cong. 1 Sess., Subcommittee No. 1, Aviation,
Serial 2, Pts. 1-10, Vol. 1, and Pts. 20—44, Vol. 2, 1919. There is
a separate index volume. Although large portions of these hear-
ings are concerned with fiscal irregularities, the printed testimony
of numerous officials contributes substantially to an understanding
of the process of evolving doctrine during the war. Valuable as
the hearings are, there is some Justice to the minority report re-
garding the committee’s conclusions published 2 March 1921.
These findings, the minority declared, were “biased, erroneous and
totally misleading” as well as “entirely useless for historical pur-
poses.” This judgment, of course, applies primarily to the com-
mittee’s attempts at party recriminations and does not seriously
affect the value of much of the oral testimony and documentary
inclusions presented by officers of the ajr arm.

Of a somewhat less dubious character as sources are the Congres-
sional papers published for the express purpose of presenting an
official record of status or achievement. In this category, a most
useful compilation is Report on Adircraft Surveys, House Docu-
ment No. 621, 66 Cong. 2 Sess., 19 Jan. 1920. This publication
mcludes tabulations of all contracts for aircraft and engines be-
tween 6 April 1917 and 1 November 1919, showing numbers
ordered, numbers delivered, and money expended. No publication
of the War Department presents such a complete résumé.

After World War I there were numerous hearings and investiga-
tions, Congressional and otherwise, regarding the air arm, but
despite their number and frequency few add anything of signifi-
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cance to the field of this particular study. Pioneer Aviators, Hear-
ings before the House Committee on Military Affairs on HR 11278,
70 Cong. 1 Sess., 3 April 1928, presents a useful bibliography
(see section on bibliography, above) and some charts and tables
of information not found elsewhere in one codified form. The brief
historical résumé of the air arm appearing in this publication
must, however, be used with caution, if at all. This historical sketch
is filled with typographical errors as well as downright misrepre-
sentations of fact and is worth reading only as a brief orientation
in the general pattern of military aviation in the United States.

MisceLLANEOoUS OFrFiciAL PuBLICATIONS

Outside of documents from the War Department and from
Congress, there are few official publications bearing directly upon
the focus of interest in this study. The annual reports of the
National Advisory Committee for Aeronautics (Washington,
GPO, 1916 to date) are a notable exception. The reports for the
years 1915—20 are of particular interest.

ForEeEiecN OrFriciAL PUBLICATIONS

No résumé of official publications would be complete without
reference to the outstanding British publication on military avia-
tion in World War 1. Because of his untimely death, Sir Walter
A. Raleigh (The War in the 4dir [Oxford, Clarendon Press, 1922])
wrote only the first volume of a projected series. However, H. A.
Jones (T'he War in the Air [5 vols. 2—6 and an appendix volume;
Oxford, Clarendon Press, 1928-37]) completed the series as
planned by Raleigh. Although not actually a part of the British
official history of the war, the series was written at the direction of
the Committee of Imperial Defense and based on official documents.
This study presents a history of the RAF and its predecessor
agencies during World War I and was written from records of the
Air Ministry collected by the Air Historical Section. The volumes
represent a monumental compilation of information on the air
war. Emphasis is on operations. Both administration and develop-
ment of materiel are neglected by Raleigh who tends to dwell on
personalities and to underplay if not to whitewash some of the
organizational difficulties encountered in forming the Air Ministry.
Jones makes some amends for these deficiencies in the subsequent
volumes. Nevertheless, the whole question of production, research,
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changes in design, and the problem of maintaining superiority of
performance is compressed into one or two chapters, very few pages
more than are devoted to the trivial aerial operations in South
Africa. Despite this obvious lack of proportion, these volumes are
an invaluable source in any study of the air weapon. Even if one
questions the validity of the authors’ conclusions, the series is still
extremely valuable for the numerous appendices in each volume
and the separate appendix volume reprinting critical documents
on policy, tabulations on production, and the like.

Perhaps the most valuable contribution of the Raleigh-Jones
volumes lies in the documents reprinted at length to show the evolu-
tion of British concepts of doctrine on air power. The importance
of these documents is enhanced by the want of counterparts in the
United States where the problem of air doctrine was never given
the same degree of speculative interest it received in Great Britain.
The absence of any study in the United States comparable to the
Raleigh-Jones volumes testifies to this lack of interest. French
studies on the air arm tend to concentrate on operations rather
than upon the administration and development of materiel with-
out exploring the obvious relationship of the two. An interesting
problem left unsolved is the transfer of leadership in the concept
of strategic bombardment from the French in 1917 to the British
in 1918. Official German studies on the air weapon were necessarily
impaired by postwar restrictions on the air arm. Such few pub-
lications as are available appear to emphasize operations rather
than administration. One of the more surprising revelations turned
up while preparing this study was the almost complete failure of
military officials in the United States to make use of foreign source
materials in writing on aerial warfare. Studies on aviation under-
taken by students at the War College during the twenties appeared
to ignore foreign publications and reports from attachés, relying

instead upon dubious sources, in at least one instance the Literary
Digest,.

SEcoNDARY PusricaTioxns

In the general category of secondary literature, as in the matter
of bibliographies mentioned above in Section I, two rather dif-
ferent types of works were of use—those dealing with the problem
of weapons in general and those dealing specifically with the aerial
weapon. Some of the more provocative studies falling within the
first of these two groups are discussed here:
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Brig. Gen. C. D. Baker-Carr, From Chauffeur to Brigadier
(London, E. Benn, 1930), is the memoir of an officer who played
aleading role in popularizing the machine gun in the British army.
Although the volume is primarily concerned with the machine gun,
Baker-Carr’s remarks on the process of “selling” the new weapon
to higher authority have a general application. Major General
E. D. Swinton’s Eyewitness (London, Hodder and Stoughton,
1932) treats the same problem in the case of the tank. Admiral
Sir Percy Scott, Fifty Years in the Royal Navy (New York,
Geo. H. Doran, 1919), has many vitriolic pages dealing with
this problem from the point of view of the navy. The thesis of
Scott’s work, the need for method in the development of weapons,
1s clearly stated in a brief introduction. This volume was suggested
to the author by James Phinney Baxter III, president of Williams
College, who has built a reputation on The Introduction of the
Ironclad Warship (Cambridge, Harvard University Press, 1933).
This book represents a staggering amount of research in French
and British as well as native source materials but is strangely silent
as to the administrative mechanisms behind the process of develop-
ment. President Baxter’s more recent book, Scientists against
Time (Boston, Little, Brown, 1946), dealing with research on
weapons in World War II, is far more appreciative of the all-
important problem of administration. A whole chapter is devoted
to the question of the relationship of strategy, or doctrine, and
weapons. An American equivalent to Sir Percy Scott’s book may
be found in E. E. Morison, Admiral Sims and the Modern Ameri-
can Navy (Boston, Houghton Mifflin, 1942).

One of the most prolific students of the problem of weapons is
the British officer, Maj. Gen. J. F. C. Fuller, whose writings are
almost never absent from the pages of contemporary military
Jjournals. His Adrmament and History (New York, Scribner’s,
1945), a study of the influence of armament on history, is but
the most recent of a long series of studies appearing with almost
perennial frequency since World War I. Although Fuller suffers
from rushing into print and, as a consequence, frequently changes
his opinions, his works are nevertheless rewarding to the student
of armament. Even such lesser-known titles as The Reformation
of War (New York, E. P. Dutton, 1928) and The Foundations
of the Science of War (London, Hutchinson, 1926) contribute
provoking analyses of the role of weapons in warfare and the
influence of technology on doctrine.

B. H. Liddell Hart, another British author known for his popu-
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lar writings on the military art in general, has contributed to
the few available studies on weapons and doctrine. Liddell Hart,
The British Way in Warfare (London, Faber and Faber, 1932),
despite its misleading title, contains a series of essays on the impact
of technology upon military policy. Lewis Mumford, author of
Technics and Civilization (New York, Harcourt, Brace, 1934), as
a nonmilitary student of technology and society discerns the in-
fluence of weapons on warfare and industrial economy even more
fully than most military writers. Mumford’s familiarity with Euro-
pean studies on the technology of war makes his analysis of par-
ticular significance since most studies of weapons and doctrine have
tended to linger within national borders. Tom Wintringham, The
Story of Weapons and Tactics from Troy to Stalingrad (Boston,
Houghton Mifflin, 1948), which presents a survey of the relation-
ship of weapons and doctrine in a popular vein, is useful for orien-
tation despite its cursory treatment of the subject. A rare and
unusually thoughtful volume on the relationship of weapons, poli-
tics, and industry is Sir J. Emerson Tennent’s The Story of the
Guns (London, Longmans, Green, 1864).

Without actually analyzing the cause of the difficulty, F. A.
Shannon (The Organization and Administration of the Union
Army; 1861-1865 [Cleveland, Arthur H. Clark, 1928]) manages
to give a vivid picture of the results obtained from inadequate
organization for developing weapons. Volume I contains a chap-
ter, “The Problem of Munitions,” which is more valuable for the
questions it raises than for the explanations it offers. For all its
obvious deficiencies, this volume represents a useful case history
illustrating the fundamentals of the relation between weapons
and doctrine.

From the paucity of titles listed and the limited character of the
contents discussed, it must be readily evident that the literature
on the kinship of weapons and doctrine is extremely scanty. While
this may not be particularly unexpected, the poverty of com-
mentary on the aerial weapon in World War I is really surprising.

Several studies were particularly useful in exploring foreign
experience with the aerial weapon. G. P. Neumann (one time major
in the German air force), The German Air Force in the Great
War, tr. J. E. Gurdon from 1920 Berlin ed. (London, Hodder and
Stoughton, 1921), contains some interesting observations on doc-
trine. Somewhat narrower in scopeis A. P. Voisin (onetime general
in the French air force), La Doctrine de Uaviation frangaise de
combat au cours de la guerre 1915-1918 (Paris, Berger-Levrault,
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1932). This volume is a splendid example of classical French ex-
position. It is an analytical study which attempts to derive princi-
ples and doctrine from the lessons of experience. Although he is
primarily concerned with the function of army-cooperation, by
logical extension on experience, the author emphasizes the im-
portance of strategic bombardment, “the dreaded instrument of
the future.” F. W. Lanchester, dircraft in Warfare (New York,
D. Appleton, 1917), illustrates the extensive consideration given
to the question of doctrine in Britain; a preface by Maj. Gen.
Sir David Henderson is especially provocative. John R. Cuneo
has completed but two volumes of an extended study, Winged
Mars, dealing with the employment of aircraft in warfare. The
two volumes already available, The German Air Weapon; 1870-
191}, and The Air Weapon; 1914—~1916 (Harrisburg, Military
Service Publishing Co., 1942—47), bring the account down through
1916. These volumes deal with the military air arm in France,
Britain, and Germany.

No bibliography of studies on air doctrine would be complete,
of course, without at least passing reference to the work of the
Italian theorist on air power, Gen. Giulio Douhet, The Command
of the Air (New York, Coward-McCann, 1942). The influence of
Douhet on concepts of doctrine held by officers in the Air Service
during the twenties was probably more extensive than is generally
recognized. This impact, however, came largely in the period
directly following the area of interest of this study. Like most
students of air power, Douhet neglects the problems of adminis-
tration behind materiel and is even curiously indifferent to the
importance of superiority of design.

Secondary literature in the United States on the administration
of developing air weapons during World War I is confined to a
mere handful of titles. The best account of air materiel in the war
is contained in Arthur Sweetser, The American Air Service (New
York, D. Appleton, 1919). Although not formally documented,
this book was compiled by an officer of the Air Service with access
to official records. Written too soon after the war to have much
perspective, it nevertheless presents an extremely useful résumé
of the problems encountered in development and production. The
author is apologetic and defensive regarding some of the more
controversial failures of the air arm. Sweetser’s volume, though it
1s useful in the absence of a better one, can by no stretch of the
imagination be called critical or analytical. T. M. Knappen, Wings
of War (New York, G. P. Putnam’s Sons, 1920), describes itself
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as an account of aircraft invention, engineering, development, and
production during the war. As this book was not based on records
other than those generally available to the public, it has little to
offer save a number of errors of fact and many oversimplifications.
Of the too few volumes available in this field, this is one to avoid.

The only analytical study of administration in the AEF is
H. A. Toulmin Jr., dir Service, American Expeditionary Force,
1918 (New York, D. Van Nostrand, 1927), which sets out to prove,
implicitly, that the Air Service, AEF, was utterly disorganized
until the Coordination Staff, of which the author was a leading
member, put matters right. Although the author reaches no very
impressive conclusions and despite the fact that documentation is
limited to internal evidence, this study presents an unusual picture
of the problems encountered in evolving a staff. The analysis is the
more interesting in that it comes from outside the professional air
arm.

A useful supplement to Toulmin’s study is to be found in E. S.
Gorrell, The Measure of America’s World War Aeronautical Ef-
fort (Northfield, Vt., Norwich University, 1940), which was origi-
nally delivered as Cabot Lecture No. 6 at Norwich University and
subsequently published in book form. The statistical tables and
tabular presentations included are based on the materials of the
typescript history of the Air Service (in the National Archives)
which Gorrell edited 20 years earlier. Judged for its statistical
data, this volume might well have been cited as a primary source.
However, the conclusions and random comments of the text are un-
questionably hindsight and revised opinions. Cabot Lecture No. 7
n the Norwich Uniersity series, C. G. Grey, History of Combat
Airplanes (Northfield, Vt., Norwich University, 1941), offers a
good brief study of the outstanding types of aircraft in the
war. The same author’s 4 History of the dir M inistry (London,
G. Allen and Unwin, 1940) is more significant. This volume is a
chatty, journalistic study, undocumented but based on a life-
time of personal experience and wide association in aeronautical
circles. As editor of an influential British periodical on aviation,
the author participated actively in the events he discusses. Person-
alities are emphasized unduly.

For ready comparisons between the air arms of the United States
and the United Kingdom, H. A. St. G. Saunders, Per Ardua; The
Rise of British Air Power, 1911—-1939 (London, Oxford Uni-
versity Press, 1945), is a good brief survey although little more
than a not too capable condensation of the Raleigh-Jones volumes.
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This book contains rather shocking errors regarding technical de-
tails and emphasizes tactical encounters and personal narratives
at the expense of critical analyses of some of the broader questions
of air power. J. M. Spaight, The Beginnings of Organized Air
Power (London, Longmans, Green, 1927), offers the only availa-
ble comparison of the administrative systems in the air arms of
Germany, France, the United Kingdom, and the United States. It
is based almost entirely on newspaper accounts and secondary
works.

Surprising as it may be, there is actually no official published
history of the Air Service, AEF, save the totally inadequate 128-
page study by the Historical Sectiont of the War College mentioned
above in the section on source materials in the War Depart-
ment. Almost equally surprising is the absence of any really sig-
nificant memoirs or biographies of important officials directly con-
cerned with the air arm. There is, to be sure, a large number of
memoirs of prominent leaders, political and military, of the period,
but these devote a relatively small number of pages to aviation.
One of the few biographies dealing with a prominent figure in avia-
tion 1s H. G. Pearson, 4 Businessman in Uniform (New York,
Duffield, 1923), a laudatory study of R. C. Bolling. Frederick
Palmer, Newton D. Baker: America at War (2 vols.; New York,
Dodd, Mead, 1931), is perhaps as useful as any biography of the
period, but even though the author had access to Baker’s personal
files as well as to the cables of the War Department and other
excellent sources, he contributes little not already presented by
Sweetser. David Lloyd George’s War Memoirs (6 vols.; Boston,
Little, Brown, 1983-87), make for spirited reading but confirm
one’s distrust of retrospective views by elderly officials. General
J. J. Pershing, My Experiences in the World War (2 vols.; New
York, Frederick A. Stokes, 1931), is typical of the memoir school
of writing. Reminiscent in character, chronological in organiza-
tion, and undocumented, Pershing’s volumes are of far less value
to the student of military problems than they might have been had
they analyzed functionally and critically some of the larger prob-
lems of command during the war. General Peyton C. March, The
Nation at War (New York, Doubleday, Doran, 1932), appeared
as something of a rebuttal to Pershing’s work. One chapter is de-
voted to the Air Service. Since the whole volume is primarily con-
cerned with special pleading for March vs. Pershing, it contributes
little save to demonstrate the unreliability of memory. Some of
March’s contentions appear to be in flat contradiction of the evi-
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dence available in the files of the War Department. His own post-
war volume scarcely does credit to his wartime career.

Even more disappointing than March’s or Pershing’s volumes is
the work of Maj. Gen. M. M. Patrick, The United States in the
dir (Garden City, N.Y., Doubleday, Doran, 1928). From a war-
time Chief of the Air Service, AEF, one might well expect some-
thing more than 70 pages of recollections concerning the AEF, in
which the author makes no effort to analyze the fundamental prob-
lems of the air arm in operation. Patrick dwells at length on per-
sonalities and attempts no critical evaluation of the air arm at
war.

Biographies of the majority of wartime leaders such as Marshal
F. Foch, The Memoirs of Marshal Foch, tr. Col. I. B. Mott
(Garden City, N.Y., Doubleday, Doran, 1931), proved of value
only insofar as they mirrored an almost complete absence of in-
terest in aviation. Many important biographies of leaders such as
Maj. Gen. Sir H. M. Trenchard are yet to be written. Among the
memoirs of the lesser figures, perhaps none is more interesting
than A. H. G. Fokker and B. Gould, Flying Dutchman (New
York, Henry Holt, 1931), with its significant account of the de-
velopment of the synchronizing gear.

PERrRIODICAL LITERATURE

There is a remarkable disparity between the wealth of popular
periodical literature on aviation in World War I and the dearth
of such materials bearing on the problem of weapons. Articles on
air weapons in the journals on aviation of the period under dis-
cussion are primarily concerned with the tactical aspects of op-
erations on the one hand and the technical aspects of aircraft on
the other. Few if any treat the administrative problems of develop-
ing weapons. For orientation in the field, however, especially for
items of interest regarding individual officers and officials who
played important roles in wartime aviation, the periodical litera-
ture is worth consulting. The British journals, Aeroplane, Flight,
Flying, and deronautics, as well as the French L’ Aeronautique
are useful in addition to such publications in the United States
as Aviation, Aerial Age Weekly, Air Service Journal, U. S. Air
Service, Aircraft Journal, and Air Power, to name only the more
outstanding publications. The Journal of the Franklin Institute
has carried a number of items of subsidiary interest to this study.
Present-day periodicals, for the most part, have little to offer. But
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E. S. Gorrell, “What, No Airplanes?” Journal of Air Law and
Commerce (Jan. 1941), is an important exception. Since he wrote
as a retired colonel with a perspective of 20-odd years, Gorrell’s
conclusions may be suspect, but the factual data which he presents
appear to be taken directly from the typescript of the History
of the Air Service, AEF, in the National Archives.

Any attempt to catalogue the periodical literature of value in
orienting the reader in the area of interest surrounding this study
should not overlook the contribution of the recurrent NACA
publication, Bibliography of Aeronautics, which has an extensive
subject-author index in the field of aviation (see especially the
titles listed under “military aeronautics”). In general, periodical
literature contributed little to this study.

By way of summary, it would appear to be a reasonable evalua-
tion to state that this study has been based almost entirely upon
official records. The major portion of these records was either
archival materials or publications of the War Department. The
almost complete lack of secondary literature on the subject is
perhaps the best index of the degree to which the question of the
relationships of technological advance, military doctrine, and the
development of weapons has been neglected by military officials.
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Caproni factory, 143

Carbine, see Breechloaders

Cavalry, 15; compared with aviation, 47

Censorship, see Secrecy

Chief of Air Service, AEF, 71; relations
to Technical Section, 91; use of Tech-
nical Section, 92; approves BAP plan,
96; favors quality over quantity, 122;
calls DH-4 obsolete, 130; revises pro-
gram, 140; agreement with British,
145; stresses development, 152-8;
final report, 158; ignores doctrine in
report, 160; rebuts General Staff
study, 165

Chief of Signal Corps, see Chief Signal
Officer; see also Signal Corps

Chief of Staff, AEF, urges program
change, 145; Inventions Section, 110;
on design change, 121; on strategic
aviation, 139-40

Chief Signal Officer, 25, 27, 28, 50, 134;
minimizes offensive aviation, 81; in-
fluence on Congress, 31; influence on
doctrine, 81; opinions on mission, 85;
directive to Bolling, 53; authority, 67;
establishes Science and Research Di-
vision, 112; initiative in research, 113;
favors standardization, 122; opinions
repeated 1918, 159; see also Doctrine;
Signal Corps

Civil War, 21

Clark, V. E. Lt. Col, 53 n. 25, 62-8, 77
n. 18, 104, 124, 126, 130, 141, 166;
favors bombing, 135; favors strategic
aviation, 169

Clausewitz, Karl von, 11

Close support aircraft, see DH-4; Ob-
servation aircraft

Coffin, H. E,, 67

Colt’s patent arms, 7

Combat test, see Service test
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Command and General Staff School,
171-2

Commander-in-Chief, AEF, Ses Per-
shing, Gen. John J.

Commission agents, 52

Competition, 84, 79; see also Procure-
ment

Composition of air arm, 162-3, 166; fac-
tors influencing, 46-8; see also Doc-
trine

Composition of Air Service, AEF, 49,
136; implies doctrine, 140; see also
Doctrine

Composition by types, see Composition
of air arm; Composition of Air Serv-
ice; Doctrine

Concept, see Doctrine

Confederate Army, 9, 25

Conference, Allied, 55

Congress, stops modification of muskets,
9; slow to back aviation, 25-7; au-
thorizes Aviation Section, 30; seeks
information, 86 ; on air power, 45; ap-
propriations, 45; creates NACA, 66,
107; appropriation for NACA, 108;
ignores research, 116; Senate Com-
mittee, 119; abolishes Liberty engine,
121 n. 8; see also Appropriations;
House; Senate

Contest, see Competition

Contract, DH-4, 118

Contractors, see Manufacturers; and
individual aircraft by name, viz. Bris-
tol, Caproni, Curtiss, DeHaviland,
ete.

Control Board, 73

Coordination, s¢¢ DMA-BAP relations;
see also JANTB relations

Council of National Defense, 108 n, 14

Crécy, Battle of, 3-5

Criticism of aviation program, 68

Crowell, Benedict, favors observation
role, 170

Curtiss Aeroplane and Motor Corpora-
tion, 104, 125-6, 143

Daniels, Josephus, 40

Day-bomber, sec¢ DH-4; Observation
aircraft

Dayton, Ohio, 104, 117
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Dayton-Wright
127-8

Decision, 8; initial types, 55; General
Staff and Allied, 55; delayed, 57; need
for, 63; on design, 69; opinion faulty
basis, 77; based on information, 80;
see also Administrative organization;
Weapons, procedures for develop-
ment

Defense Act, 385, 67, 149

DeHaviland, s¢¢ DH-4; DH-9

DH-4 aircraft, 60, 118, 126, 127; in mass
production, 128; table, 129; inferior
to DH-9, 130-1; obsolescent, 144, 152,
157, 158

DH-9 aircraft, 127, 128, 131, 144, 152

Diplomatic missions, 108; see also Liai-
son officers; Missions, aviation

Director of Aircraft Production, 88

Director of Information, 97, 100

Director of Military Aeronautics, 139-
40

Director of Technical Information, 116

Division of Military Aeronautics, see
DMA

DMA, assumes military functions, 69;
relations with BAP, see BAP-DMA
relations; interest in performance, 73;
relations to JANTB, 74; insists on
control of design, 76; Technical Sec-
tion, 77, 98; Testing Section estab-
lished, 78; liaison with AEF, 96; urges
end of Technical Information Section,
97; inadequate organization, 150

Doctrine: failure to analyze, 4, 5, 10, 18-
19; relation to weapons, 11-12, 14, 53;
slow evolution, 15, 17-18, 22, 32-5, 43,
80; British, 16, 81, 137, 151; tactical,
25-6; air power, 27; lack of, 89; direc-
tive on, 40; French, 42, 44, 47, 54; fac-
tors influencing, 46; in AEF, 48;
shaped by combat, 50; U.S. lags, 51,
57; undecided, 54; Italian, 55; formu-
lated by Bolling, 56, 59; from Ribot
cable, 63; influences production, 133;
revolution in, 138; unsettled in U.S,,
134; implied in composition of AEF,
185-6, 140, 145; Foch on, 137-8; stra-
tegic, 137, 139, 140, 167 n. 28, 171; in
AEF, 141, 146, 159; importance, 150;

Airplane Company,
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shapes development policies, 156, 160;
based on limited operations, 1568; Gen-
eral Staff formulates, 161-3; shown in
plans, 164; voiced by Chief, Air Serv-
ice, 166; lack of method for, 169;
Dickman Board to study, 170; formu-
lated by Air Service, USA, 173; sys-
tematic formulation needed, 160, 174,
177; importance of superior  weap-
ons, 175; see also Administrative or-
ganization; Composition; Mission;
Strategic aviation; Strategy; Tac-
tics

Dodd, Maj. T. F., 46

Douhet, Gen. G., 12, 13, 15, 173

Dutch designer, see Fokker

Ecole Polytechnique, 14

Economic warfare, see Poctrine; Stra-
tegic aviation

Edward 1, 4, 5

Edward 111, 3, 5

Embassies, refuse observers, 36

Engineering decisions, see¢ Decisions;
Design; Technical Decisions

Engineering Division, 153, 155

Engineering objectives, see Specifica-
tions

Engineering Section, BAP, 77-8

Engines, 84; production, 41; British,
120 n. 6; determine design, 121; see
also Liberty

Equipment Division of Signal Corps, 68,
76, 71, 125, 1565 n. 13; cancels DH-9,
128; see also Airplane Engineering
Department; Production Engineering
Department

FExecutive Committee, NACA, 109

Executive order, 68, 69, 88, 113

Experience, as a guide to decision mak-
ing, 63

Experimental development, s¢¢ Admin-
istrative organization for research;
Research

Experimental factory, 104

Experiments, early, 28-80; see also Ad-
ministrative organization for re-
search; Research

Expugnatio, 4

Eyes of the army, see Observation
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Falkirk, Battle of, 5

FE-2 aircraft, 157

Fighter aircraft, 49, 1824, 140, 142, 145;
relation to bomber and observation
aircraft, 58; foreign and U.S.
strength, 163

Fighter mission, 82

Firepower, 4, 10

First Army, AEF, 158

Fisher Body Corporation, 128, 143

Flight test, see Service test

Floyd, John B., 8

Flying pay, 85

Foch, Marshal F., 12, 18, 137, 138

Fokker aircraft, 123, 151

Fokker, Anthony, 62

Fokker synchronizing gear, 65; see also
Fokker aircraft; Fokker, Anthony;
Interrupter gear

Fort Myer, Virginia, 27

Foulois, Gen. B. D., 41, 87

France, 60; doctrine, 54; see also French
army; French Chamber of Deputies,
ete.

Franco-Prussian War, 21

Freezing of design, danger of, 61

French aireraft, 132 n. 40; see also
SPAD

French ambassador, 41; see also Ribot
cable

French ermy, 60

French Chamber of Deputies, 60

French General Staff, 42, 47-8, 57

French industry, 60

Froissart, 4

Fuller, Gen. J. F. C,, 15

Functions, division of, se¢ BAP-DMA
relations

Funds, sée Appropriations

Gas, 18-19

General Purchasing Board, 83

General Staff, British, see British Gen-
eral Staff

General Staff, French, see French Gen-
eral Staff

General 3taff, USA, reform, 25; influ-
ence on doctrine, 40; minimizes air
power, 41; considers aircraft pro-
gram, 45; approves aviation program,
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General Staff, USA, continued:
54; attends Allied conference on avia-
tion, 55; influence on aviation, 58; ap-
proves Air Service program, 59; con-
cern with intelligence, 82 n. 1; pro-
gram, 186; fails to exploit science,
153—4; interest in doctrine, 161;
minimizes strategic bombing, 161-2;
studies misleading, 164; statistical
study, 165; Statistics Branch, 165 n.
22

German aircraft, see Fokker; Gotha;
Rumpler

German industry, 137, 140

GHQ, AEF, 85

GHQ, British, see British GHQ

Giraldus Cambrensis, 4, 5

Gorrell, E. S. Col.,, 53 n. 25; contradicts
self, 59 n. 33; establishes Technical
Section, 83-4, 93; on missions, 84 n. 5;
on DH-4 and DH-9, 130; favors
bombing, 1385; on General Staff
studies, 163 n. 18; drafts report, 166
n. 27

Gotha bombers, 54

Guided missile, 171, 178

Haber, Fritz, 18

Haig, Gen. Sir Douglas, 54, 137

Handley-Page aircraft, 138-9, 141, 144
5, 157; production, 142 n. 21; char-
acteristics, 144; superbomber, 140

Hastings, Battle of, 4

Headquarters at Tours, A.S., 94

Henderson, Gen. Sir David, 58, 151, 166

Henry II, 4

Henry 111, 4

Herr, Gen. F. G., 12

History, see Military history

History and Research Division, of Tech-
nical Section, 91

House Military Affairs Committee, 82,
36

Hughes, C. E., 56 n. 31

Hughes Report, 56 n. 31

Hundred Years’ War, 4

Ideas, 17; see also Doctrine; Innova-
tions; Weapons, revolutionary

Imperial General Staff, British, see
British Imperial General Staff
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Independent Bombing Force, 138-9,
159, 162; see also Strategic aviation;
Strategic bombing

Industrial College of the Armed Forces,
13

Industrial mobilization in World War I,
13

Industry, aircraft, 83; surveyed, 40; in-
significant, 51; need for research, 103;
established in U.S., 106-7; automo-
tive, 124; see also by names of coun-
tries, viz. French industry, Italian in-
dustry, ete.

Infantry, 17, 170

Information and Testing Sections,
DMA, established, 78

Information gathering, 78; see also Ad-
ministrative organization; Liaison
officers; Missions, aviation; Technical
liaison

Information, processing, 86 n. 8

Information Section, AEF, 94, 101 n.
84; relation to Technical Section, 96

Innovations, 11, 18, 22; relation to doc-
trine, 14; importance of, 15; appear
late in U.S., 20; unrecognized by War
Department, 25; aircraft, 27; U.S.
slow to adopt, 30; see also Gas; Long-
bow; Tank; Machine gun; Radar;
Weapons, advantage of superior

Intelligence, #¢e¢ Information

Inter-Allied Bombing Force, 138, 146

Inter-Allied exchanges, 51-2; see also
Missions, aviation; Technical liaison

Interrupter gear, 62, 128

Introduction of the Ironclad Warship,
22

Inventions, 11, 14, 110; see also Innova-
tions

Inventors, 26

Investigations, 68, 118, 119, 121

Italian aircraft, see Caproni

Italian Embassy, 143

Italian industry, 143

Italy, 54, 57

JANTB (Joint Army-Navy Technical
Board), formed, 40; shapes doctrine,
40; initiative, 41; program, 43, 45, 54,
59; importance of, 46; shifting role,
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70-4; contrasted with British, 81;
compromise decision, 141-2

Joint Army-Navy Technical Board, s¢e
JANTB

Joint Congressional Committee on Ord-
nance, see Ordnance, Joint Congres-
sional Committee on

Jomini, Baron, A. H. de, 12

Jones, Major B. Q., 154 n. 11

Kettering, C. F,, 171

I.ahm, Col. F. P., 158

Langley, S. P., 26, 28, 106

Langley Field, 109

Lepere, 106

Lessons learned, 100-1, 146, 149-50, 152,
167, 172, 175-6; General Staff interest
in, 161; see also Dickman Board;
Military history

Liaison, see Information-gathering

Liaison Office, 99

Liaison officers, 50-2; see also Inter-
Allied exchanges; Technical Intelli-
gence; Missions, aviation

Liberty engine, 105 n. 6, 125, 127, 145,
151; aircraft adapted to, 1193 stand-
ardized, 120; mass production, 122;
appraised, 124; in DH-4, 128; for
Caproni, 148; see also Production of
engines

License fees, policy on, 60

License rights, 51

Liddell Hart, B. H,, 9, 14

Lighter-than-air, see Balloons

Lloyd George, David, 60 n. 34, 93, 103 n.
1, 122 n. 12

Lockhart, H., 89

Lockhart Mission, 89, 101 n. 84

Lockhart report, 90-1

Loening, G., 106

Logistics, 12

Longbows, 3-5, 176

Machine gun, 15-6; doctrine, 17; in air-
craft, 28, 128

MecCook Field, 104-5, 110, 165

McKellar, Rep. Kenneth, 82

Maintenance, 33, 121

Manpower, see Personnel

Manufacturers of aircraft, 80, 107-8;
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foreign, 80, 57, 84, 136, 143-4; en-
couraged in U.S., 80; importance of,
82; representatives in the fleld, 84;
surveyed, 40; in U.S,, 103; experi-
enced, 104; agents, 51, 60; see also
Industry

March, Gen. P. C., criticizes program,
45 n. 12; on inventions, 110; remarks
on J. D. Ryan, 180 n. 82; studies on
strategic aviation, 139; views on
strategic aviation, 140 n. 16; favors
close support doctrine, 170

Martin, G. L., 106

Mass production of aircraft, 118, 1234,
128, 144, 152; see also Production

Materiel, see Weapons

Mayer, Capt. Emile, 14-5

Mexican War, 21

Mexico, 29, 86

Military Aeronautics, Assistant Direc-
tor of, 74

Military Aeronautics, Director, 78

Military aircraft, first, 34

Military attachés, 20, 80, 108, 183; in-
vited to U.S,, 50

Military characteristics, 21, see also
Performance characteristics; Re-
quirements

Military history, 5, 22, 101, 149-50, 175,
178; unheeded, 4; on weapons, 11;
neglects weapons, 13; General Staff
interest in, 161; air arm, 168; see also
Doctrine; Lessons learned

Military Institutes, 10

Millikan, R. A., 112

Milling, Col. T. D., 158

Mission of aviation, influence on design,
83, 156; undefined, 33; of observation,
34; recognized, 85; relation to pro-
curement, 89; strategic, 47; evolving
concept of, 50, 134; se¢ also Doctrine;
‘Weapons, mission of

Missions, aviation, 50-2, 82, 85-7, 89-90,
100, 134, 143 ; weakness of, 52; British,
99; evaluated, 101; see also Balfour
Mission; Bolling Mission; Lockhart
Mission; SPAD mission; Spaulding
Mission; Tardieu Mission; as well as
Inter-Allied exchanges; Liaison of-
ficers; Technical intelligence
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Missions, military, influence on doctrine,
41

Mitchell, Gen. William, 44 n. 10, 167 n.
28; on strategic doctrine, 49; views
ignored, 161 n. 11

Modification, 129-30

Muskets, see Muzzle-loaders

Muzzle-loaders, 6-10, 20, 150

NACA (National Advisory Committee
for Aeronautics), surveys industry,
89; urges liaison with Allies, 52;
created, 66; favors Air Production
Board, 67; liaison in Europe, 93; Of-
fice of Aeronautical Intelligence, 97 n.
26; research role, 106; established,
107; functions, 108; relations with
army and navy, 109; handles inven-
tions, 110; liaison with War Depart-
ment, 111; compared with NRC, 114;
relations with BAP, 115; in peace-
time, 154

Naiden, Lt. Col. E. L., 163 n. 18, 172 nn.
44, 45

National Academy of Sciences, 112-3

National Advisory Committee for Aero-
nautics, see NACA

National Defense Act, See Defense Act

National Defense Council, 67

National Guard Aero Company, 53

National Research Council, sc¢e NRC

Navy Department, 22, 73, relations with
JANTB, 67, 72

Nernst, Walther, 18

Night-bomber, 121, 131, 138-9, 158-9;
866 also Caproni; Handley-Page

Norman invasion, 4

North Island, 33

NRC, 112, 114, 154

Objectives, tactical, 83; see also Per-
formance characteristics

Observation aircraft, 121, 126, 133, 185,
188, 140, 142, 145; relation to fighters
and bombers, 58; production plans,
127; favored by Chief Signal Officer,
159; U.S. and foreign strength, 163;
emphasized by Air Service, 167-8; see
also DH-4

Observation mission, 49, 50, 135; recog-
nition of, 82; emphasized, 85; French
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view, 42; favored by staff school, 172;
see also Doctrine; Weapons, mission
of

Observers, 20, 36, 100; see also Missions,
aviation

Obsolescence, 73

Offensive aviation, see Bombers; Night-
bombers; Strategic aviation

Office of Aeronautical Intelligence, 97 n.
26

Office of "Chief Signal Officer, 27

Oman, Sir Charles, 4-5

Operations, influence doctrine, 83; not
represented on JANTB, 73; limited,
133; AEF and Allied, 136; British,
137; lack of experience in, 157-8; in-
fluence doctrine, 159, 167

Operations Section, AEF, 48

Ordnance Board, 19; temporary, 20;
organization, 20, 22

Ordnance, Chief of, 6-7, 19-21; advo-
cates machine gun, 15

Ordnance, Colonel of, 6-8

Ordnance, Joint Congressional Com-
mittee on, 9

Ordnance and Fortification, Board of,
110; finances Langley, 26; rebuffs
Wrights, 26; finances aircraft, 27

Ordnance Department, 19-22, 31, 91;
opposes innovations, 6-8

Organization, see Administrative or-
ganization

Orly airfield, 92

Overman Act, 68

Packard Motor Car Company, 106

Patents, 51

Patrick, Gen. M. M., 92 n. 17

Peacetime, see Postwar

Performance, 21-2, 129, 151; Handley-
Page, 144

Performance characteristics, 33, 34,
104; relation to doctrine, 39; defini-
tion, 65; DH-4 and Handley-Page,
157 n. 2

Pershing, Gen. J. J., 46, 48; Ribot cable,
44 n. 10; appoints board, 47; accepts
French doctrine, 49; doctrine, 52;
lacks air power, 64; overrules
JANTB, 70; on JANTB, 72 n. 9; fa-
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vors Handley-Page, 141; ignores doc-
trine, 160; creates Dickman Board,
170

Personnel, 12, 69

Phillips, Ambassador William, 85, 141
n. 19

Pilots, U.S. and foreign strength com-
pared, 29

Planning, Chapter 8, passim; postwar,
146

Plataea, Battle of, 5§

Poinsett, Joel R., 6, 19

Policy, 46; see also Doctrine; Mission
of aviation; Program

Postwar budget, 153

Postwar planning, 146

Powers, 29

Principles, see Doctrine

Principles of War, 12

Priorities, 78

Priorities Committee, British, 137

Procurement, 41, 45; early, 84; proce-
dures, 35; assumptions, 39; se¢e also
Production; Program

Production, British, 80; program, 41;
influence on doctrine, 46, 50, 56; not
geared to AEF program, 49; influ-
ences planning, 49; Bolling schedule
for, 56 ; delayed, 57; political influence
on, 60; planning for, 63, 66, 69; shapes
A.S., AEF, 72; not represented on
JANTB, 73; controls design, 77; de-
lays, 80; requires information, 89; de-
layed by information lag, 96; relation
to research, 108-5; output small, 106;
revised program, 118; hurt by or-
ganization, 119; engine, 120; wvs. de-
velopment, 122; favored by stand-
ardization, 123; failure, 124-5; Bris-
tol, 125; DH-4, 126-7; DH-9, 127;
problems, 128; modification in, 129;
hurts quality, 130; foreign for U.S.,
1381; foreign, 132; plans, 134; U.S,,
136; Air Ministry, 139; status of, 139;
bombers in U.S., 141; Caproni pro-
gram, 142; Handley-Page, 142 n. 21;
difficulties, 144; relation to doctrine,
146; in England, 150; aircraft en-
gines, 151; cut in peace, 153; limits
evolution of doctrine, 159; influence
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on programs, 178; see also BAP;
Mass production

Production, Director of, 78

Production Engineering Department,
76-7, 105

Program, JANTB, 43-4; of April 1918,
48; successive, 49; AEF, 139, 140-1 n.
17, 145; JANTB retained, 59; criti-
cized, 68; reorganized, 69; production,
118, 127, 185, 151; “202,” 140, 141, 146,
173; Caproni, 142; Allied for 1919,
164; influence of “202,” se¢¢ also Pro-
duction

Proof test, see Service test

Proportion of types, 48; see also Doc-
trine

Punitive expedition, Mexican, 36

Pursuit aircraft, see¢ Fighter aircraft

Quality, see Development; vs. quantity,
122, 129, 151, 175-6

Quantity, see Production; wvs. quality,
129, 182, 150

Radar, 5

RAF, 137

Reconnaissance aircraft, see Observa-
tion

Reorganization of 20 May 1918, 77

Repair, s¢¢ Maintenance

Repeating arms, see Breechloaders

Reports, unsatisfactory, 21; opera-
tional, 20-2; annual, of Secretary of
War, 81; DMA, 70; final AEF, 160;
gee also Bolling Report, Hughes Re-
port

Requirements, 41, 55, 69; initial for air-
craft, 26; of AEF, 120; see also Mili-
tary characteristics; Performance
characteri- tics

Research, «iJdministrative organization
for British, 30; fundamental, 66 ; rela-
tion to production, 105; delayed, 106;
favored over production, 153; and de-
velopment, 13 n. 82; see also NACA,
Administrative organization, and Sci-
ence and Research Division

Revue scientifique, 14

Ribot, Premier A. F. J., 41, 45, 184

Ribot cable, 41, 54-5, 63; origin, 42-4

Rifle, 17, 28
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Roman army, 10

Root, Elihu, 25, 28

Rothermere-Foulois Agreement, 144 n.
28

Royal Air Force, se¢ RAF

Royal Aircraft Factory, 26, 123

Royal Flying Corps, 54, 150; establishes
Experimental Branch, 30; air power
doctrine, 159; se¢e also RAF

Royal Tank Corps, 17

Royalties, 51, 62, 60

Royce, Lt. Col. R,, 163 n. 18

Rumpler aircraft, 30

Russia, 80

Russo-Japanese War, 16

Ryan, J. D., 69, 88, 130 n. 82

Saber, 21

St. Cyr, 106

Sample aircraft, 55

San Diego aviation center, 83

Scammell, J. M., 13 n. 31

Science, see Administrative organiza-
tion for research; Research

Science and Research Division, 112-4;
moves to BAP, 114; duties redefined,
114-5; status, 116-7; disappears, 154

Scientific liaison, see Technical liaison

Scientific method, 15; se¢ also Adminis-
trative organization

Scott, Adm. Sir Percy, 16-7

SE-5, 126; see also SPAD

Second Army, AEF, 158

Secrecy, 36

Secretary of War, see Baker, N. D.;
War, Secretary of

Security, see Secrecy

Selection, see Decisions

Selection of types, 70; importance of,
62; static, 63

Selfridge, Lt. G. E,, 27-8

Senate Military Affairs Committee, 119;
see also Congress

Service aircraft, see DH-4

Service school, see Army War College;
Command and General Staff School

Service test, 7, 22, 28-9, 82-4, 79, 153;
tank, 17; demonstrate utility, 31; see
also Reports, operational

Shannon, F. A., 10
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Sharp, Ambassador W. G., 44

Short Brothers, Ltd., 30

Short-range bomber, se¢ DH-4; Obser-
vation aircraft

Signal Corps, Aviation Section, 80, 103,
124, 150

Signal Corps, composition of, 27; avia-
tion advances, 28; early program, 28;
repeats Ordnance experience, 31; re-
lation to Air Service, AEF, 46; invites
Allied aid, 51; efforts at liaison, £2;
clings to initial program, 59; relations
with Government agencies, 65; inex-
perience, 66; failures in planning, 67;
and Aircraft Production Board, 67;
forms Equipment Division, 68; reor-
ganized, 68; loses aviation role, 69;
reliance upon missions, 86; ignorant
of AEF structure, 86; Science and
Research Division, 112-8; sheds avia-
tion, 114; loses Science and Research
Division, 114; doctrine undeveloped,
133; favors observation aircraft, 134;
see also Aviation Section; Chief
Signal Officer; Equipment Division;
Science and Research Division

Signal Corps, Chief of, see Chief Signal
Officer

Sikorsky, Igor, 30

Smithsonian Institution, 107

Somme, Battle of, 17

Spaatz, Maj. Carl, 157

SPAD aircraft, 62, 86, 125; selected, 60;
obsolete, 61; canceled, 126

SPAD mission, 86

Spanish-American War, 25

Spaulding, Col. P. L., 88, 90

Spaulding Mission, 88-90, 96; adverse
effects, 90

Specifications, aircraft, 28, 34, 40, 79,
104; initial army, 27

Springfield rifle, 25

Squier, Maj. G. O., 27, 35, 45

Staff studies, 161

Standard aircraft, 33

Standard Aircraft Corporation, 143

Standardization, 19, 33, 40, 119-20, 122,
141, 151; stultifies, 121, 123

Stanton, E. M., 9

Statistics, use of, 18, 21-2, 93; ses also
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Air power, status; Production; Pro-
grams

Strategy, 11, 31; 2ee alzo Doctrine; Mili-
tary history

Strategic aviation, 135, 137-9

Strategic bomber, see Night-bomber

Strategic bombing, 158; French urge
delay, 54; British, French, and Italian
programs, 55; urged by Bolling and
Henderson, 58

Strategic Bombing Force, British Air
Board favors, 54

Strength, see Air power

Superbomber, 139-40

Supreme War Council, 138

Surgeon General, 18-9, 21

Synchronizing gear, see Fokker; Inter-
rupter gear

Systems, see Administrative organiza-
tion

Tactical bomber, se¢e DH-4; Observa-
tion aircraft

Tactical cooperation, 135

Tactical information, influences design,
82; essential to superiority, 90, 96

Tactical objectives, s¢e Doctrine; Per-
formance characteristics; Weapons,
mission of

Tactical suitability, see Mission; Per-
formance characteristics

Tactics, 11; see also Doctrine, emphasis
on operations, and relation to
weapons; Military history

Taft, William Howard, 25

Tank, 17, 18

Tardieu, André, 86-7

Targets, 137

Technical Data Division, 92

Technical decisions, influence doctrine,
53-4; see also Technical information;
Technical liaison

Technical information, importance of
continuous, 79; influences design, 82;
British interest in, 83; essential to
superiority, 90, 96; see also Technical
intelligence; Technical liaison

Technical Information Section, 96-7, 99
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