




















Foreword

The more mobile an armed force becomes, the more rugged the terrain it
encounters, or the more widely the force is deployed, the greater becomes the
difficulty of securing and maintaining rapid, completely linked communications.

In the U.S. Army the Signal Corps is the agency charged with developing,
procuring, and furnishing signal equipment to overcome the difficulties men-
tioned above. In an age of swift and startling progress in electronics, this phase
ofits mission demands that it keep abreast of scientific advances at home and
abroad and maintain close ties with civilian laboratories and industry in order
to take advantage of their capabilities.

This volume traces the course which the Signal Corps followed between the
first and second world wars, a period of planning and preparation. Others to
follow will recount the testing of the Corps’ organization and equipment, and
the results achieved at home and overseas. The author has dealt with the sub-
Jject on a chronological basis, instead of following the topical treatment used in
other technical service volumes. This broad-front approach has enabled him to
weave into one pattern the many activities in which the Signal Corps was simul-
taneously engaged. The reader can here follow from birth the history of Army
radar and mobile radio, the first steps taken in the conversion of the civilian
communications industry to war production, the expansion of training facilities,
and the beginnings of the far-flung communications network that eventually
encircled the globe. He will see the uncertainties of planning and the difficulties
of organization incident to rapidly changing conditions, meager appropriations,
and the clash of interest within the military household. These and many other
matters showing human beings and institutions under pressure are replete with
significance to us who must live in a turbulent world where revolution tends to
have the upper hand over evolution.

ORLANDO WARD
Washington, D. C. Maj. Gen,, U.S.A.
30 January 1953 Chief of Military History
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Preface

The prefacing of his book long after he has written it does not ordinarily
come a writer’s way. If the present volume be a case in point, history is one
form which permits it. At least to the extent that it has happened, history is
unchangeable; and to the extent that it is unchangeable it will stand and wait
for the attention of those who sooner or later come to it, or of those who, like the
present author, return to it after having drawn apart from its details.

This view seems justified in retrospect as well, it appears to me. The history
of the realizations, disappointments, mistakes, and successes of the United
States Army Signal Corps before and during the war which ended in 1945 was
itself undertaken entirely after that period had passed into history, and was
planned and written with an eye to chronological and panoramic structure. It
was in an effort to capture perspective and proportion, those qualities of neces-
sary removal from the subject which every writer closely attached to his subject
will despair of along with me, that I decided to devote the first volume of a
history of the Signal Corps in World War II to a period beginning a number of
years earlier. The massive gift which the Infantry makes to the national interest
is made mostly in the battle itself, wherefore infantry history is combat history
above all else. Technical arms and services like the Signal Corps, which must
enter a war with technical gear ready to go, exert a large share of their produc-
tive effort before it begins. For this reason, this volume surveys The Emergency
and the years, half lassitude and half desperation, just before the Emperor
Hirohito’s bombers came in over Kahuku Point.

Opening with the panorama of Signal Corps interests and distinguishing
each of the characteristic landmarks of the scene, it develops by moving closer
for repeated and prolonged views at most of these dominant features and by
returning to the whole view often enough to keep it in mind. As the Signal
Corps is an agent of communications, the main theme is the snaillike, lightning-
like race toward radar, frequency modulation, and a multitude of electronic
devices. Other parts of the narrative illustrate the lesson of the extravagant and
enervating results of interservice strife. One can draw it primarily from the long
story of unequal rivalry between the Air Corps and the Signal Corps. Yet the
alarums and excursions of this melodrama never drowned out the quieter
actions. Of these, the quietest was the development of radar, second only to
nuclear fission as the greatest scientific advance of the war. The Emergency makes
modest but firm claims for the Signal Corps’ part in this development, at the
same time producing evidence against a common notion that radar was the
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invention of a single scientist or of a single country; as was true of the atomic
bomb, its origins were so wide as to be nearly universal. Next to radar and pos-
sibly of even greater significance to the average man was the emergence of FM,
the frequency modulation system of radio, which all but revolutionized the use
of tanks in the war, not to speak of its record afterward. The advance of crystal
control, along with the ticklish triumph over the presumed insufficiency of the
crystal supply, makes an episode interlinked with the FM story. The influence
of the communications industry in the Signal Corps is an important element,
showing the close relationship between the two in the selection and manufac-
turing of equipment and in the selection and training of officers and signalmen.
A wider but very much weaker relationship described is that between ourselves
and our allies, especially the British. One of the sections in this field recalls the
mutually fruitful mission of Sir Henry Tizard and other electronic scientists and
physicists to the United States in 1940. Finally, I trust that The Emergency
demonstrates a discrepancy which later years closed: the gap between the
pygmy Army and the jumbo. I hope, in sum, that the Signal Corps history adds
its part to the defining and emphasizing of the two broad characteristics which
have come to be so dominant in modern war that they will increasingly make
up the bulk of military histories: first, the long preparations incident to a war
or to any single day of it; and second, the technological aspect which has so
transformed conflict that either wars or the men who fight them may
consequently disappear.

The writing of this book produced many pleasures, of which the most
frequent and most happily remembered were the acts of interest and assistance
very gratefully acknowledged here. My colleagues in the writing of this series,
all of whom have shared with me the repeated profit of these acts, have for their
own part bulwarked me with them to a point I cannot begin to acknowledge in
full. Suffice it to say that upon Miss Pauline M. Oakes, Mrs. Dixie R. Harris,
and Dr. George Raynor Thompson I urge my devoted thanks for all their intel-
ligent appraisals, unflagging perseverance, and liberal contributions. Miss
Helen Kasenchak’s expert typing deserves full recognition, as does the research
and writing, at an earlier stage, of Miss Ruth E. McKee. I should like to thank
individually the hundreds of persons who have found files for me between
Washington and Alaska, smoothed my way to interviews, notified me of oppor-
tunities I had overlooked, and in general shown an abundance of cares and
courtesies which one has no right to expect but welcomes. Since I must content
myself with a mass acknowledgment, I want it to be known that in my grateful
mind the mass is made up of individuals. Miss Ruth Stout, Mr. Joseph R.
Friedman, and Mr. Arthur Henne have shepherded the book editorially. May
Its appearance in print be at least a token tribute to them.

Washington, D. C. DULANY TERRETT
May 1954
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PART ONE

BEFORE WORLD WAR II






CHAPTER I

Military Communications

Shortly before World War II was over,
the General Assembly of the United Na-
tions met in an auditorium which pro-
vided the delegates with five almost simul-
taneous versions of an address. With a
selecting device, they might choose the
language they wished to listen to. This
gear was welcomed with a casualness
which only emphasized the distance an
important utilitarian science had come
during the half-dozen years when its ad-
vances had been obscured by war. In the
first postwar years, also, cities commenced
to equip their airports with radar systems
which regulated an incoming airplane
from the ground. Telephones began to be
installed in automobiles, and home tele-
vision sets and frequency-modulated
radios to be promised to the general com-
mercial market of the United States, Great
Britain, and a few of their allies. In many
treason and war-crimes trials of the era,
wire and tape recordings formed an im-
portant part of the evidence. International
allotment of radio frequencies meant as
much, in a renewed contest for spheres of
influence, as control of mountain passes
had in earlier history. Telephotography
and a special lens for long-range detail
appeared in the news and picture indus-
tries. The coaxial cable, radio relay, page
teletype, facsimile processes, and a hun-
dred other contrivances stood ready to
forward the revival of general communi-
cation. Whether these developments

would have occurred sooner or later or
not at all, if there had been no war, isa
point apart from history. They did take
place and, with many others in other
fields, dispassionately demonstrated that
practical advances had been made in re-
sponse to the destructive demands of
battle.

In the advances of this particular realm,
the realm of mechanical aids to human
communication, the Signal Corps of the
U.S. Army had taken some part; for the
military services were the greatest users of
such devices during that period, and the
Signal Corps was the communications
corps of the Army. If the Army were one
of its own soldiers, the Signal Corps would
be his hand in the act of writing, his
larynx, palate, and tongue in the act of
speaking, the ears hearing, and the sur-
face of the skin registering impressions
from external invisible energy. It would
signal that he was about to communicate,
it would provide the mechanics for him to
do so, and it would enable him to receive
the messages of others. Thus in communi-
cations the Signal Corps had a notably
single mission. Yet almost infinite possibil-
ity for variety made it also as complex as
the processes of hearing and speaking are.
Moreover, like those processes, it was
vital. To be able to communicate—to
stgnal—is to be alive.

Applied through a period when earlier
scientific development had seemed to
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make it quaint, the name Signal Corps had
reattained exactness as World War II ap-
proached. At one time associated with the
torch and the square flags, a signal had
come to designate a whole scale of ways in
which the electromagnetic spectrum could
give notice that it was carrying a message.
Signals were generated by the human
hand and voice, and by electronic im-
pulses as well. Once as rudimentary as a
shaking of spears in the sunlight, military
signaling now suggested a multitude of de-
vices. Even the basic information which
the savage required—“I am a friend” or
“I am a foe”’—could appear in a dozen
forms. Over the wire paths of the tele-
graph, the cable, and the telephone, over
the wireless ones of radio, signal com-
munication filled the ground, water, and
air. Photographs conveyed messages in a
way everyone was likely to grasp; crypto-
graphic appliances obscured them in the
hope that almost nobody could grasp
them. Radar was opening a new avenue of
communications, the quivering patterns
of the oscilloscope being a form as special-
ized as wigwag had briefly been.

Message sending, which had altered
scarcely at all between Pheidippides at
Marathon and the Emperor’s courier at
Ratisbon, had acquired a myriad of de-
vices between the mid-nineteenth and
mid-twentieth centuries, and war had
altered them in being altered by them.
Most of this change had come about in
less than a hundred years of supplement-
ing communication, a message, with com-
munications, apparatus for carrying a mes-
sage. It had reached such an extent that
every margin of efficiency had become
a vital prize among armies. Not only did
the message have to be spoken, heard,
written, or read, but also it had to be re-
ceived without interference from others; it
had to be sent and received over long dis-
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tances; it had to arrive on time; it had to
be so precisely transmitted that it left no
room for doubt, or so deliberately garbled
and obscured that only those intended to
understand it could do so. Army com-
munications were often less than the
ideal —even the most fabulous aid to
aerial navigation, artillery spotting, tank
command, or long-range detection aroused
the abuse of harried operators from time
to time; but ideally they were supposed to
be swift, rugged, adaptable, simple, and
secure beyond any average standard.
The military means of communication
used in World War II were often not dif-
ferent from the nonmilitary means: a com-
mand teletype paralleled a news or stock
exchange ticker; a messenger on a motor-
cycle was the “hand-carrying” equivalent
of a bicycling Western Union boy. Their
use was distinctive, however, and attained
an importance hard to overstate. Warfare
intensified the use of the office telephone,
the newspaper teletype, radio broadcast-
ing, control towers, railway semaphores,
and the other apparatus of communica-
tion in the nonbelligerent pursuits.
Military communications had devel-
oped in three main aspects. These were
general sensory signaling, likely to be non-
electrical, electrical signaling over wires,
and electrical signaling without wires.
Although in the growth of modern means
of communication these aspects formed
early, middle, and recent stages, they did
not form a line of succession. Samuel F. B.
Morse’s telegraph was already in consid-
erable use when Albert J. Myer intro-
duced systematic wigwag, but flag signal-
ing quickly reached its limits, whereas
Morse’s invention started a development
which still had no boundaries a hundred
years later. Rather, the three aspects rep-
resented degrees in the extension of signal-
ing techniques. Within the Signal Corps
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of World War I1 they existed concurrently.

First, there were the primary means of
signaling, which are usually visual: the
torch and flags, as elemental as pillars of
fire by night, cloud by day; the sema-
phore, which Napoleon developed into a
system of 1,200 stations between Paris and
Moscow; wigwag; the heliograph, mirrors
flashing in the sunlight; Very pistols and
other pyrotechnics; panels (signaling to
airplanes with arrangements of colored
cloth upon the ground); and blinker.
Pigeons were also primary means of sig-
naling, and so were sirens, gongs, and
whistles. As a class, the primary means of
signaling were historically earliest, and, by
contrast with World War IT’s complicated
reaches of invisible communication, they
seemed primitive; yet they were not out-
dated. Wigwag could still be useful in the
business of sorting out supplies on a beach-
head, and blinker was as much a stand-by
for the Navy as the automatic semaphore
was for rail transportation. The chief dif-
ference was a matter not of date but of
limitation. The best means of communica-
tion was that which could carry the most
messages fastest with the fewest mistakes.
In this sense, the simple devices for signal-
ing’ directly to the eye and ear lacked
capacity, speed, and precision.

When the art of communications had
become electrified, it had suddenly ad-
vanced in all of these qualities, and the
technical aspects of military communica-
tions commanded the field to such an ex-
tent that virtually the whole history of
World War II communications is theirs.
The second form of signaling involved
electrical communication over wires:
cable, telegraph, telephone, teletype.
Throughout World War II, this was the
principal form of Signal Corps communi-
cations. The third advanced electrical sig-
naling to wireless devices: radio, radiotele-
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graph, radiotelephone, radioteletype, tele-
vision, radar; in this field, the most
thorough and significant change became
evident. The accomplishments of radio in
attaining teletypewriter transmission at a
hundred words a minute, in reporting the
weather locally by radiosonde, in radio
control of airways, or in the handie-
talkie which pleased Winston Churchill
during a visit to Fort Jackson, South
Carolina,! and with which he pleased the
newsreel audience—all of these were part
of a story of startling change. Television
had not yet come into its own sufficiently
to contend for wide interest. Radar was
the crown of communications efforts dur-
ing the war. Radar learned to guide an
airplane at a distance, to return it safely
and to land it; radar mapped landfalls or
storms; matching itself to searchlights and
antiaircraft artillery, it gave them un-
heard-of precision; it twice enabled the
British Isles to ward off a nearly supreme
German aerial assault, once from the
Luftwaffe, once from the V-1; and it
looked toward postwar successes which
were as gentle as leading the blind and as
ungentle as marshaling long-range mis-
siles. GCI, GCA, loran, shoran, racon,
IFF, MEW, ASV, BTO, rawin became the
new black magic.” Resulting from inter-
service, international, interacting achieve-
ment of many minds fully as much as the

1 Winston S. Churchill, The Second World War: The
Hinge of Fate (Boston: Houghton Mifflin Co., 1950), p.
386

2GCI ground-controlled interception
GCA  ground-controlled approach
loran  long-range navigation
shoran short-range navigation
racon radar beacons
IFF identification, friend or foe
MEW  microwave early warning equipment
ASV  air-to-surface-vessel radar detection
BTO  bombing through overcast

radio or radar determination of wind
velocity

rawin
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atomic bomb,® in no sense was radar
thought of as U.S. Army equipment
strictly. Nor did it diminish for the Signal
Corps the importance of the routine job of
signal communications which was on
hand at the beginning of the war and still
on hand at the close; but as an instrument
to open the imagination it took first place.
The span from visual signals to radar
was enormous; yet they shared a basic
function: passage of information. In the
course of the Signal Corps’ emergence into
the form it possessed in the 1940’s, two de-
partures from this essential function made
themselves felt. One of these was pic-
tures—still pictures, training films, com-
bat newsreels—undeniably a form of com-
munication but a form at least once re-
moved from the commonly accepted
meaning of it. The other stood not for
communication, but for countercommuni-
cation. It was an interruption, obscuring,
or obstruction of communication. “Chaff,”
“cigar,” “carpet,” and such devices for
jamming enemy radar; speech scrambling
and other endeavors to hinder intercep-
tion of telephone conversations; monitor-
ing and interception of both friendly and
enemy radio; and all modes of cryptog-
raphy came under this classification.
With these two exceptions, however, all
of the devices within the field of responsi-
bility of military signaling, whether they
used simple or complex, natural or artifi-
cial means, had the single function of pass-
ing information. In executing it, the Sig-
nal Corps had become, at one time or
another, either permanently or tempo-
rarily, the Army’s center of activity for
captive balloons, weather observation,
codes and ciphers, ocean cables, carrier
pigeons, aviation, goniometrics, field tele-
phoning, thermal detection, and many
other efforts. By the time of the laboratory
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and field experiments of the 1930’s, the
Signal Corps was long established as a
partner in the development of the com-
munications science. Even in the days of
equipping Union armies with telegraph
wagons, military communications had
penetrated, although unknowingly and in
a matter-of-fact way, the splendid scale
which joins sound, light, and energy.
When electronics emerged
eighty years later at the forefront of this
scientific research, Signal Corps experi-
mentation contributed to the general
advance.

The Place of the Signal Corps

The major mission, however, was pur-
sued not through science but through prac-
tical mechanics. For the most part, dur-
ing World War 11, the Signal Corps was
described as one of seven technical serv-
ices. The adjective was significant, because
several of these services were essentially
applied sciences. Before the war the Signal
Corps had been classified as an arm, but
during the war it was bracketed with the
six other technical services as an agency of
the Services of Supply, or Army Service
Forces.* As a part of the Army Service
Forces, it thus took its place in one of three
major groupings of resources of men and
matériel, the other two being the Army
Ground Forces and the Army Air Forces.®

? The fact of radar’s international parentage “will
surprise only those who cling to a Hero Theory of
scientific progress and demand for each discovery a
single putative inventor. . . .” Henry Guerlac, “The
Radio Background of Radar,” Journal of the Franklin
Institute, CCL, No. 4 (October, 1950), 285.

+ WD Cirs 59, 2 Mar 42, and 138, 14 May 46, sub:
WD Reorganization. The Corps of Engineers also oc-
cupied a prewar category as an arm.

®* The Army Ground Forces drew in the Infantry,
Cavalry, Field Artillery, Coast Artillery Corps,
Armored Force, Antiaircraft Command, and Tank
Destroyer Command.
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Army Air, Ground, and Service Forces
were designed to be interdependent;
although administratively the Signal
Corps served as a component of the Army
Service Forces, Signal Corps equipment,
functions, and trained men appeared
throughout the Ground and Air Forces
and in theaters and defense and base com-
mands as well. The same relationships
characterized the other technical services®
and the administrative services’ which,
with the service commands (erstwhile
corps areas, zone of interior administra-
tive divisions), made up the Army Service
Forces.

The way to see the Signal Corps of
World War 11, therefore, is to plot it on a
world-wide chart. Such a chart begins
with the President, the Secretary of War,
and the Chief of Staff, continues with the
General and Special Staffs, with theaters,
task forces, defense and base commands,
and with the Army Ground, Air, and
Service Forces, and subdivides again into
the big ground and air arms and services.
Most of its space must still be devoted to
an extraordinary complexity of army
groups, armies, corps, divisions, regiments,
battalions, companies, and platoons, of air
forces and commands, wings, groups,
squadrons, and flights, of administrative
divisions, branches, sections, subsections,
and units. Within this vast wartime frame-
work, the Signal Corps was to be thought
of chiefly as a technical service, as the
principal communications agency for the
whole organization.

It was to be thought of also as an arm.
Signaling was indisputably operational,
and the signalmen were attendant upon
the air force and the infantry closely
enough to qualify as combat-zone soldiers.
The duality is clearly marked in the com-
mon Signal Corps distinction between
tactical networks and administrative net-
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works. Tactically, all forward communica-
tion was the province of the using arm: for
example, of the Infantry, the Cavalry, the
Armored Force. The crew of a B-17-E or
-F, during the first year of the war, used
an interphone set, RC-36; a tank or
armored car would employ a frequency-
modulated radio, SCR-508: this is the
way in which the using arms required a
fundamental Signal Corps contribution.
Each division had a signal company, each
army corps a signal battalion, and each
field army a signal construction and a sig-
nal operations battalion, as well as depot,
repair, radio intelligence, photographic,
headquarters signal service, and other
companies, depending upon the field
army table of organization and the tacti-
cal situation which was applicable. In the
Army Air Forces, a similar pattern was
drawn, signal units being assigned at
wing, division, command, and air force
levels.®

The conception of the Signal Corps
function both as arm and as service
changed, however. During the war, all of
the arms and services underwent a meta-

6 The Chemical, Engineer, Quartermaster, and
Transportation Corps and the Medical and Ordnance
Departments. For the purposes of this history thisisa
standard list, although Department of the Army Cir-
cular 64, 10 March 1948, added to it the Finance De-
partment, and although Circular 59, 2 March 1942,
also subordinated to Army Service Forces the supply
and procurement functions of the Coast Artillery
Corps.

? The Adjutant General’s, Judge Advocate Gen-
eral’s, and Provost Marshal General’s Departments
and the Offices of the Chiefs of Chaplains, Special
Services, and Finance.

® FM 1-45, Army Air Forces Field Manual: Signal
Communication, 4 Dec 42, par 2b. See also the basic
manual on signal communication, FM 24-5, 19 Oct
42, and all of the pertinent manuals in the FM-11, or
Signal Corps, series. Sometimes official usage links the
terms signals and communication, as it does in the titles
to these field manuals; sometimes it separates them, as
in referring to army, corps, and divisional signa/ offi-
cers, but to regimental, and lower, communication
officers.
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morphosis, the Cavalry most of all, the
Signal Corps not least. Quiet and small in
peacetime, characterized by such familiar
objects as the telephone,” it became a
world-wide, strategic service, wielding
prodigies like radar. Even some time after
the war had begun, the Signal Corps
could still be thought of as an organiza-
tion which devoted itself primarily to
message-center work and which, in its
tactical duties, rated visual communica-
tions high alongside telephone and tele-
graph.’® But at the end of the war, the
Signal Corps described its mission as “not
only [the provision of] communication
facilities for the War Department in the
zone of the interior and all overseas thea-
ters, but [also] the design, procurement,
construction, installation and major main-
tenance for radar, radio, telephone and
telegraph communications for the opera-
tions of the U.S. Army throughout the
world.” '*

The Early Signal Corps

Among the technical services, the Signal
Corps was neither the biggest nor the old-
est.’? Its work was concentrated, and its
history covered only eighty years. Histori-
cal hindsight, in fact, would suggest that
modern military signaling was a condi-
tioned response to Morse’s improvement
in message sending; that in former days
the Army had had no need for a Signal
Corps because quick means of communi-
cation were unknown, but that a revolu-
tionary invention had had to be met with
an arm capable of exercising it. Hindsight
falters a little, for under this sort of cause
and effect the Army would have produced
a Transportation Corps soon after Fulton
and certainly after Stephenson. Moreover,
the Signal Corps had its recognizable
beginnings in a region far from the electric
telegraph, along the Rio Grande in Texas,

9

where Dr. Albert J. Myer, recently com-
missioned an assistant surgeon and de-
tailed to Fort Duncan, Texas, was carefully
altering a system of hand signals which he
had developed for deaf mutes into a system
of flag signals for use at distances out of
earshot altogether.'® From this start, Myer
was to become the first Chief Signal Offi-
cer of the Army. He had realized that the
same sort of alternation and spacing by
which a telegrapher controlled his key

9 “The principal weapon of the Signal Corps man
is the telephone with its associated material just as the
rifle with its ammunition is the principal weapon of
the infantryman.” Memo, Lt Col Alvin C. Voris for
Maj Gen Charles McK. Saltzman, CSigO, 9 Oct 24.
SigC 475.7 Equip.

19 WD, Intreduction te Empleyment in the War Depart-
ment— A Reference Manual for Employees, Aug 42, p. 21,

The Annual Report of the Chief Stgnal Officer, 1942,

listed the following agencies of communication em-

ployed in signal systems within Army divisions:

1. Message centers 5. Visual communication

2. Messenger communication a. Lamps
a. Airplane messenger b. Flags
b. Motor messenger c. Panels
c. Motorcycle messenger d. Pyrotechnics
d. Mounted (horse) messenger e. Airplanes

. e. Dismounted messenger (runner) 6. Sound communication
3. Pigcon communication 7. Wire communication
4. Radio communication a. Telcphone

a. Telegraph b. Telegraph

b. Telephone ¢. Teletypewriter

11 Info Br OCSigO, The Signal Corps, U.S. Army,
16 Dec 46. SigC Hist Sec File. (See
Note.) Formal statement of Signal Corps functions ap-
pears in Army regulations. The versions which were
in force at various stages from the end of World War I
through World War II were: AR 105-5, 14 Jan 22,
15 Dec 26, 15 Mar 33, 10 May 39, and 1 Dec 42; AR
105-15, 12 Nov 21, 1 Aug 25, 17 Apr 40, | Aug 42.

12 The quartermaster, medical, and engineer func-
tions, which were part of the Army during the Revo-
lution, were the oldest, and by most measurements the
largest. The Ordnance Department, which dates from
the War of 1812, remained small but always had large
appropriations. For the sources on the historical ori-
gins of the services, as well as those on the beginnings
and development of the Signal Corps, see the Biblio-
graphical Note.

'3 (1) Hg of the Army, New York City, SO’s 128
and 129, 4 and 6 Oct 1854, National Archives. (2) Al-
bert J. Myer, A New Sign Language for Deaf Mutes,
Being a Thesis for the Degree of Doctor of Medicine,
1851, University of Buffalo.
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could be applied to flags or torches for
visual signaling. He patented his system,
got the Army to adopt it, experimented
with it just before the Civil War, and then
in frustration saw it work for the Confed-
erate forces at the First Battle of Bull Run,
while he himself was too late for the battle.
Afterward, it proved itself for the Union
Army at Gettysburg, for the Union Navy
at Mobile Bay, and in a hundred other
engagements. Sometimes the armies put
up chains of elevated platforms in order to
facilitate the flag signaling.'*

Myer also was attempting to construct
the new Signal Service upon long-distance,
mechanical signaling as well as upon short-
distance, manual methods; but the regular
telegraph, which ordinarily followed the
tracks of the railroad, was in the hands of
the U.S. Military Telegraph. Ostensibly
military, but actually a private concession,
it controlled the Morse equipment and
the teen-aged boys who were skilled at
using it. Civilian aeronauts organized a
balloon corps for observation and signal-
ing. Myer wanted no part of that, and
ultimately deflated it in 1863 when he
rejected an opportunity to take it over.
Instead, he assembled wagon trains and
equipped them with alphabet dials and
magnetized pointers which, responding to
the electric impulses being transmitted
from another part of the train, indicated a
message letter by letter. Without effec-
tively challenging the civilian telegraph
monopoly, he developed thirty such trains
for the Union troops, each extending the
tactical situation by wire for six or eight
miles. On 3 March 1863 Myer had the
satisfaction of seeing Congress create the
signals arm,'® but his continued attempt to
draw administrative as well as tactical
wire communication into his new organi-
zation brought him into conflict with
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Secretary of War Edwin M. Stanton, sent
him into eclipse, and helped to allow the
Signal Service to expire unredeemed at
the end of the war. Within a year and a
half, his point of view was sufficiently vin-
dicated to restore the organization, with
himself at its head. From then on, although
with vicissitudes, it survived. In 1875 the
Signal Service was given bureau status in
the War Department, and on 24 February
1880 it became the Signal Corps, with
Mpyer its general and his Manual of Signals
its guide.'*

For a time within its first quarter cen-
tury, part of the emphasis of its mission
shifted from signaling to meteorology. In
1870 it took on responsibility for scientific
weather observation, especially in the
shipping areas of the Great Lakes and the
Atlantic coast. Until this work was trans-
ferred in 1891 to the Weather Bureau of
the Department of Agriculture,'” Signal
Corpsmen pursued meteorology, especially
in two notable expeditions to the north.
Famous at the time, these arctic projects
made magnetic, pendular, and tidal obser-
vations and collected weather and natural

1+ At the beginning of the Civil War the Union had
few secrets from the Confederacy. J. E. B. Stuart had
been a signal officer; and Jefferson Davis and John B.
Floyd, both former Secretaries of War, as well as Rob-
ert E. Lee, had been acquainted with Myer's wark.
Lt. E. P. Alexander, who knew about this method of
signaling because he had been assigned to work on it
with Myer, was present at the First Battle of Bull Run
and warned Beauregard of the approach of Mc-
Dowell’s column. In turn, poetic justice thwarted him
at Gettysburg, when signal flags on Little Round Top
led him to believe it was better defended than it was.

15 PL. 58, Secs 17-20, 37th Cong. The official birth
date of the Signal Corps is 21 June 1860, the date of
Myer’s appointment as Army Signal Officer. Com-
ment 3, OCMH to OCSigO, 11 Feb 54, sub: Birthday
of SigC. SigC Hist Sec File 314.7 General 1954.

16 This work was published in various editions from
the Civil War to the close of the nineteenth century.

17 Except for gathering marine metearological data,
which the Hydrographic Office took over in 1904.
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history information at points then the far-
thest north reached by white men. The
Point Barrow party, led by 1st Lt. P.
Henry Ray, left San Francisco in midsum-
mer, 1881, and came safely back two years
later. The Ellesmere Island party, leaving
from St. John’s, Newfoundland, at the
same time, was not seen in the United
States again until 1884, when the six sur-
vivors told bitter tales of hardship and
death, including the execution of one man
for rifling food supplies.

'The commander of this group, Adolphus
W. Greely, became Chief Signal Officer in
1887 and remained so into the era of radio
and the airplane, twenty years afterward.'®
The fame he won as head of this meteor-
ological expedition led to his appointment
as Chief Signal Officer, yet he reflected
almost every interest of the Signal Corps,
and his career spanned the maturity of the
earlier forms of communication and the
origins of the later ones. Before his arctic
assignment, he had been putting in tele-
graph lines in the territorial west. More
than two thousand miles of such construc-
tion took place between 1876 and 1879,
and commercial communications and the
Signal Corps then began the close relation
which continued thereafter. As the rail-
roads consolidated the west and as the
number of Army outposts diminished, pri-
vate interests took over the telegraph lines.
Outside Washington, D. C., Fort Whipple,
then a Signal Corps post and later named
Fort Myer in honor of the general, had
installed a practice telephone line in
1878."° Also in that year, the Corps had
begun its first experiments with pigeons.**
The last years of Indian fighting advanced
the heliograph as a means of military sig-
naling. In 1888 the Corps brought out a
new type of heliograph which weighed
only fourteen pounds packed and which
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had a range of as much as sixty miles in
clear atmosphere.**

Only visual signaling counted for much
in the field. Telegraph trains, increased in
size to nine wagons, were still rear-echelon
communications, and the telephone gave
no promise of sturdy military usefulness. A
Signal Corps sergeant combined it in a
field kit with a Morse key and battery in
1889, but the device was too expensive to
be practical. Military ballooning came in
again in 1892, and experiments in air-to-
ground telephoning a few years later re-

18 For an excellent sketch of Greely’s life and works,
see W. Elmer Ekblaw’s account in the Dictionary of
American Biography, XXI (Supplement One), 352-55.

After General Myer, who died in 1880, the succes-
sion of Chief Signal Officers through World War II
was as follows:

Brig. Gen. William B. Hazen.... ... .. 18801887
Maj. Gen. Adolphus W. Greely. . ... .. 1887-1906
Brig. Gen. James Allen. ... ... . 19061913
Brig. Gen. George P. Scriven.. ... ... 1913-1917
Maj. Gen. George O. Squier....... .. 1917-1923
Maj. Gen. Charles McK. Saltzman. ... 1924-1928
Maj. Gen. George 8. Gibbs. . . ... .. .. 1928-1931
Maj. Gen. Irving J. Carr. ... ... ... 1931-1934
Maj. Gen. James B. Allison. ... .. .. .. 1935~1937
Maj. Gen. Joseph O. Mauborgne. . . .. 1937-1941
Maj. Gen. Dawson Olmstead. . ..... .. 1941-1943
Maj. Gen. Harry C. Ingles. . ... .. .. .. 1943-1947

The list of Chief Signal Officers might also contain
the names of two officers who held the place briefly
during the period when Myer was in disfavor. These
were Lt. Col. William J. L. Nicodemus, who occupied
it from 10 November 1863 to 26 December 1864, and
Col. Benjamin F. Fisher, whose tenure, beginning
with Nicodemus’ departure, ended indeterminately
between 28 July 1866, when Myer’s administration
retroactively recommenced, and 15 November of the
same vear, when Fisher was formally relieved.

19 1st Lt. George 1. Back, “The Telephone; Com-
mercial v. Military History and Development,” Signal
Corps Bulletin, No. 42 (March, 1928), p. 10.

2 Unsuccessfully, because the hawks of the region
preyed upon them. The experiments took place in
Pakota Territory with Col. Nelson A. Miles’s 5th In-
fantry. Capt. Evan D. Cameron, “The Development
and Use of Homing Pigeons for Military Purposes,”
Signal Corps Bulletin, No. 24 (February, 1924), p. 26.

31 Possibly the greatest range achieved by this de-
vice (in 1890) was 125 miles. Historical Sketch of the Sig-
nal Corps ( 1860-1941 ), Eastern SigC Schools Pamphlet
32 (Ft. Monmouth, N. J., 1942), p. 30.
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ONE EARLY MEANS OF SIGNAL-
ING employed flags hoisted by balloon.

called the air-to-ground telegraph demon-
strations of the Civil War. Most Army
posts had a few telephones, some owned
by the Signal Corps, some rented from the
Bell Company. Even so short a conflict as
the Spanish-American War, however, in-
creased the advance of new sciences. The
Army gave its first contract for a powered
airplane in the year of that war, 1898,
allotting the money to Samuel P. Langley.
The laying of submarine cable in the
waters of Cuba and the Philippines ex-
tended the scope of signal communica-
tions, and in the expansive aftermath of
the war the Signal Corps undertook the
Washington-Alaska Military Cable and
Telegraph System. This became the most
important continuous field operation.*
The knowledge of the north obtained in
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the Ray-Greely expeditions, the experi-
ence gained in building frontier commu-
nications systems, the scientific back-
ground derived from meteorological duties,
and the exercise provided in establishing
relatively long lines during the war with
Spain all contributed to the formation of a
chain which employed telegraph, cable,
telephone, and even the newest wonder,
wireless communication.

In 1899 the Signal Corps had radioed
experimentally between Fire Island and
the lightship twelve miles away and a year
later installed two stations for New York
Harbor traffic.”® In 1903 a pair of stations
provided space telegraph—in those days
an excellent description of radio—across
Norton Sound, to and from Nome. By
1908 there were eight stations in Alaska,
six in the United States, five upon Army
transports, three in the Philippines, and
one in Cuba. Their spark-gap sets ranged
in power from 750 watts to 10 kilowatts.
Field tests improving upon Boer War
models meanwhile developed the Army’s
first vehicular sets, loaded into wagons or
on pack mules.** Cumbersome as these
were, they illustrated the fact that the re-
searches of Maxwell and Hertz ** were
giving birth to the era of Marconi and

22 First Draft, Alaska Communication System His-
tory, 1944. SigC Hist Sec File. When the predominant
use of radio made the early title inappropriate, the
Washington-Alaska Military Cable and Telegraph
System became the Alaska Communication Systemn.

23 Capt. Edwin R. Petzing, “Development of Radio
in the United States,” Signal Corps Bulletin, No. 42
(March, 1928), p. 34. Mention of this work should
not slight Capt. Leonard H. Wildman, who contrib-
uted to the installation of wireless at both Long Island
Sound and Norton Sound.

24 8. I. Neiman, “Vehicular Radio,” Signals, I, No.
6 (July-August, 1947), 20-25.

25 James Clerk Maxwell (1831-1879), British physi-
cist, and Heinrich R. Hertz (1857-1894), German
physicist. The principles of electromagnetic radiation

which Maxwell forecast in 1866 were confirmed in the
experiments of Hertz in the *90’s.
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De Forest. Military communication was
assuming its twentieth-century character.

The emergence of a science of elec-
tronics was paralleled by the appearance,
after long waiting and frustration, of a
science of heavier-than-air flight. On
1 August 1907 the current Chief Signal
Officer, Brig. Gen. James Allen, estab-
lished an Aeronautical Division, to “have
charge of all matters pertaining to military
ballooning, air machines, and all kindred
subjects.” *® A captain, a corporal, and a
private staffed the division. Specifications
for the Army’s first airplane required that
it be able to carry the pilot, a passenger,
and enough fuel for 125 miles, that its
speed average forty miles an hour in a ten-
mile test, that it stay aloft for an hour, and
that it be capable of being dismounted and
loaded into Army wagons.’” The Wright
brothers produced such a plane in 1908
and tested it successfully (despite the fatal
accident to Ist Lt. Thomas E. Selfridge),
with a series of passengers including Maj.
George O. Squier, later the World War I
Chief Signal Officer.

For a period, there was a possibility
that airplanes and radio, the two inven-
tions which had suddenly opened the ele-
ment of air as a space for the hitherto
grounded army to move within, would
develop inside the same organization.
Squier, the man who had drawn up the
specifications for the military airplane,
represents the transition which was then
altering the Signal Corps. In 1911 he de-
scribed experiments covering the use of
wires to guide high-frequency oscilla-
tions,*® a process fundamental to the
multiplex telegraphy and telephony which
made up the largest part of World War 11
military communications. Joseph O. Mau-
borgne, a lieutenant who was to be Chief
Signal Officer twenty years after Squier,
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CIVIL WAR SIGNAL TOWER on
Cobb’s Hill, Appomattox, Virginia.

was beginning to achieve recognition as a
contributor both to airborne transmitting,
in 1912 and 1913, at Fort Riley, Kansas,
and to airborne receiving, over Corregidor
in December 1914.?* These demonstra-
tions, however crude, had opened aerial

26 OCSigO Office Memo 6, 1 Aug 07. AAF 321.91-
A SigC Org.

27 WDSS, Information and Education Div, “The
Army Air Forces—Organization,” Army Talk, No.
159, 25 January 1947.

28 George O. Squier, “Multiplex Telephony and
Telegraphy by Means of Electric Waves Guided by
Wires,” Proceedings of the American Institute of Electrical
Engineers, 1911. Originally called wire wireless, wired
wireless, or line radio, the process came to be called
wire radio (possibly the most descriptive term), carrier
frequency, or the carrier-frequency, carrier-current,
or guided-wave method.

29 (1) The Signal Corps, United States Army: A
Popular History, MS, p. 75; (2) Maj Gen Joseph O.
Mauborgne, My Early Work in Airplane Radio De-
velopment. SigC 342 Gen.
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THE WRIGHT BROTHERS’ AIRPLANE during tests at Fort Myer, Virginia.

communications as a major field of Signal
Corps work. Congress recognized military
aviation by converting a small office divi-
sion into an Aviation Section of a top
strength of 320.*° The range of air-to-
ground Morse increased to 140 miles, and
Signal Corps pilots experimented with
air-to-air Morse exchange. The most per-
plexing problem was noise. Airplane design
had substituted tractor for pusher engines,
with the result that all the disturbance lay
directly in front of the pilot. By 1916 the
Aviation Section felt that a different gen-
erator and headset had solved the prob-
lem; and Michael Pupin and Edwin H.
Armstrong, whom Brig. Gen. George O.
Squier asked to convert the radio signal
into a visual signal which would show up
on the instrument panel, agreed that radio
reception was preferable and possible even

in spite of the roar and static. It is signifi-
cant that Signal Corps activity of this era,
at a time while it was still attached to a
rudimentary tactical mission, produced
names associated with both of the world
wars, when scientific research tended to
become as important in the mission as
utilitarian skill. An older Signal Corps and
a newer one, soon to be old itself, coexisted.

30 PL 143, 63d Cong, 18 Jul 14. The testimony of
Signal Corps officers at the preliminary hearings on
this bill a year before had made clear the fact that in
early military aviation the most important function
was reconnaissance and communication, not bom-
bardment. Capt. William Mitchell, Ist Lt. Benjamin
D. Foulois, and 1st Lt. Henry H. Arnold, future Air
Corps generals, agreed with Brig. Gen. George P.
Scriven, the Chief Signal Officer, that the time was
not then ripe for scparation from the Signal Corps,
“where all aeronautic work has been done for the last
20 vears.” Hearings before the Committee on Military
Affarrs, HR, 63d Cong, st Sess, On HR 5304, 16 May
13, p. 51 and passim.



EARLY EXPERIMENTS WITH RADIO included installation of sets in aircraft
(above) and automobiles (below ).
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The Signal Corps in World War 1

The older was dominant. The United
States began and completed its role in the
1917-1918 war without reaching a devel-
opment in either combat communications
or combat aviation comparable to that of
France or Great Britain. In both fields the
nation’s war experience was shorter, its
appropriations smaller, and to a consider-
able degree its industry slow to start and
its research too late to be felt. The only
battle testing of the Aviation Section had
consisted of mail and reconnaissance
flights during the Punitive Expedition into
Mexico in 1916. None of its fifty-five air-
planes carried any kind of weapon; nor
had the experiments with aerial wireless
communication introduced radio into any
cockpit. When, in March 1918, the Signal
Corps was faced for the first time with the
need to install radio apparatus aboard
Spads which the Air Service was flying in
France, the French supplied it, having
supplied the airplanes also.** American
air-to-ground radiotelephone, shown the
summer before to the Secretary of War,
Newton D. Baker, was not ready.

Correspondingly, in ground signaling,
the old methods had sufficed before the
war for an Army engaged in small-scale
maneuvers or patrolling the borders of
Mexico. Quenched-spark sets carried by
pack or wagon had introduced radio into
both the Punitive Expedition and maneu-
vers, but, in general, buzzers, messengers,
and visual signaling answered the need for
command communications within infantry
brigades; and although the field artillery
had telephones for fire control, provided
by the Signal Corps since 1905, it also used
flags. Tactically, there was little need for,
or opportunity to employ, electrical com-
munications. Thus, much of the equip-
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ment which the Signal Corps brought over
to Europe in 1917 was wholly unsuitable
for the character of warfare then existing.**
In the early stages, the American Expedi-
tionary Forces was obliged to rely solely
upon French telephone and telegraph
facilities; large purchases, as of poles and
crossarms, dry batteries, buzzerphones,
switchboards, and radio and earth telegra-
phy sets, were necessary before the com-
munications mission for the American
Expeditionary Forces could be fulfilled.
Titles in the procurement list were grouped
into but fourteen categories.*?

In France, wire quickly became the
almost exclusive instrument of army com-
munications. It was the best means
whether within the regiment or from the
division back to corps and army head-
quarters. Heliographs appeared only far
back of the lines, if at all; panels were
reserved to signaling to aircraft; the pigeon
service, attempted at General Pershing’s
order, had a limited success, although a
bird named Cher Ami proved to be a help
to the “Lost Battalion.” But wire was
paramount; the Meuse-Argonne offensive
used it at the rate of 2,500 miles a week.**

31 “Report of the Chief Signal Officer,” War De-
partment Annual Reports, 1919, p. 1190. Also separately
published, the Arnual Report of the Chief Signal Officer,
1919, is by far the most comprehensive source of infor-
mation on the World War 1 Signal Corps.

32 (1) Petzing article cited n. 23, p. 36. (2) Col C. F,
Martin, Hist Sec Army War College, Signal Com-
munications in World War I, Aug 42, p. 8. SigC Hist
Sec File.

3% Telephones, telegraphs, radios, line construction
materials, batteries, wire and cable, field glasses,
chests, kits and tools, mechanical and electrical sig-
nals, wire carts, pigeon supplies, meteorological equip-
ment, and watches. James V. Clarke, Contract Ad-
justment in the Signal Corps, 1 July 1939-15 August
1945, Nov 45, p. 3. SigC Hist Sec File.

34 By the close of World War I, U.S. production of
field wire had reached 8,000 miles a month. After a
similar time interval in World War I1, the production
rate of W-110-B wire was 150,000 miles a month.



SIGNAL CORPS INSTALLATIONS IN FRANCE IN 1918 included a telephone
and telegraph station at Chdteau- Thierry (above) and a gontometric station at Royaumeix (below ).
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Multiplex printing telegraph equipment
connected Tours, Chaumont, Paris, and
London. Transatlantic cable was called
into use, at reduced rates, for EFM’s (ex-
peditionary force messages) from the
troops to their friends and relatives in the
United States.*® Both forward and rear
zones depended upon the telephone net-
work, after construction crews had fanned
it out from Chaumont and Tours.*® This
was an achievement for the period, admi-
rable for trench warfare. In the mobile
situation of Worid War II it would have
been, first of all, nearly impossible to build
and, second, not relatively worth building.

Although a transatlantic radio station
was built near Bordeaux, the War Depart-
ment in Washington had no radio contact
with its commanders in the field, and
these commanders had no very depend-
able wireless systems among themselves.
Radio carried little of the war’s communi-
cations load. In the first place, the tactical
situation again and again brought the
Western Front into small areas and mired
it there. For another reason, although
nearly 10,000 radio sets, chiefly airborne
radiotelegraph, were produced for the
Signal Corps and Air Service, the conflict
was over too soon for the combat signal-
man or aviator to use them much. Finally,
radio was too new to have passed the awk-
ward age. Spark-type equipment did have
the advantage of not requiring a skilled
man to tune it or mend it, but was so heavy
it could scarcely be moved, was often un-
intelligible, and was frequently out of
commission. Tube equipment generally
replaced it. Radio’s chief use was for intel-
ligence work. At goniometric stations it
took what were later called “fixes”’ upon
enemy transmitters and identified their
location by the intersection of the angles.
It intercepted German ground telegraph,
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telephone, aircraft, and artillery signals;
and, in a foreshadowing of the succeeding
war’s signal intelligence and monitoring
companies, it policed communications on
the Allied side.

The most interesting aspect of Signal
Corps radio in World War I was the con-
solidation of the hitherto scattered efforts
in scientific research. The Signal Corps
Laboratories had their beginnings in a
World War I radio research division which
functioned in company with the electric
communications industry and with a spe-
cial wartime Signal Corps laboratory in
Paris. This division worked upon aircraft
radiotelegraph and radiotelephone sets,
aircraft interphone equipment, aircraft
direction-finding systems (given first pri-
ority),’” three types of continuous-wave
radiotelegraph sets, wavemeters, battery-
charging radios, four improved T.P.S.
(earth telegraphy) items, radio operating
and repair trucks, and a radiotelegraph
set for tanks. The prewar invention of
vacuum tubes enabled Signal Corps re-
searchers to try them for electric wave
detection, amplification of radiofrequency
and audiofrequency, continuous wave
transmission, voice modulation, regulation

35 Col Edgar Russel, C8igO AEF, AEF Memo, 17
Jun 17. SigC 676 Wired Wireless and Tree Tel & Tel.

s History of the Signal Corps, American Expedi-
tionary Forces. SigC Hist Sec File.

The Signal Corps wire networks for the American
Expeditionary Forces, including those leased from
France, comprised approximately 50,000 miles of ad-
ministrative lines and 40,000 of tactical lines. The
exact figures are difficult to determine, because the
standards for calculation vary. (1) “Signal Corps
Work in the AE.F.,” Signal Corps Bulletin, No. 1
(April, 1920), p. 14. (2) Maj. Alfred E. Larabee, “The
Signal Corps and Signal Communication,” Signal
Corps Bulletin, No. 31 (September, 1925), pp. 33-34.
(3) Lt. Col. Frank H. Fay, “A.E.F. Telephone and
Telegraph System,” Signal Corps Bulletin, No. 36
(September-October, 1930), pp. 25-27.

37 History of Camp Alfred Vail, New Jersey, 1918.
SigC Hq Ft. Monmouth File 314.7.
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of current and voltage in generators, and
other special purposes without which the
multiple applications of World War II
radio would never have been possible. But
despite the fact that an American, Lee
De Forest, was the inventor, the United
States was behind in the use of vacuum
tubes. Industrial production of them
started from almost nothing when the
nation went into the war.

For the most part, none of the laboratory
improvements got into production before
the Armistice. Had any been developed
before the war, radio history would have
been made, for the critical inadequacy of
equipment necessitated remarkable ad-
vances in the field. For example, a two-way
radio loop set was contrived because the
enemy shot away the antennas of ordinary
radio. The new device laid the receiving
antenna on the ground, and for the trans-
mitting antenna substituted a small loop
connected with the spark gap. This set
had a range of six miles, transmitted on
two wavelengths, and could be transported
in three sections each weighing less than
thirty pounds. Developments in electric
communications of the American Expedi-
tionary Forces were in part the contribu-
tions of Edwin H. Armstrong, then a
Signal Corps captain and a noted radio
scientist since 1910. He applied Lang-
muir’s master oscillator-power amplifier
circuit to improve tank communication,
and he invented the amplifier to facilitate
reception of high-frequency signals. The
master oscillator-power amplifier became
basic in radio design, although the war
was over before it could be tried in battle,
and high-frequency amplification made
possible the superheterodyne receiver and
revolutionized wireless communications.®

Signal Corps and Tank Corps men
together devised equipment on the master-
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oscillator principle which the signalmen
installed after the Armistice to make a
radiotelegraph network connecting the
Paris headquarters with the Army of
Occupation. Of considerable extent and
surely one of the earliest successes of the
sort, the network engaged stations at Ant-
werp, Spa, Koblenz, Trier, Toul, and
Chaumont at various stages between No-
vember 1918 and September 1919. The
control was twenty miles outside Paris, at
a site in the British zone far enough away
to escape the radiodiffusion from the Eiffel
Tower spark transmitter. The purpose of
the net was to take the place of the tele-
phone and telegraph lines in case they
were sabotaged; and on one occasion,
when the wire transmission was inter-
rupted for forty-five minutes, it did convey
to Paris an address which President Wood-
row Wilson was making in Germany. Dur-
ing the time of its operation, the network
carried thousands of messages, as only wire
networks had done up to that point.?®
Historically the most interesting of all
the experiments was an initial attempt at
radar. The only means of being warned of
the approach of an airplane was to catch
sight of it, which was usually too late, or to
hear it, which, even with the aid of sound

% Armstrong’s contributions to radio science, al-
though generally acknowledged, were persistently
challenged in court, and the decisions often went
against him. “Revolution in Radio,” Fortune, XX
(October, 1939), 86 ff. De Forest was the principal
figure to press counterclaims. So far as the super-
heterodyne discovery is concerned, 1943 adjudication
assigned the credit to Lucien Lévy, who like Arm-
strong was a World War I officer. Henry W. Roberts,
Avtation Radis, introduction by Lee De Forest (New
York: W. Morrow & Company, 1945), p. 90. Never-
theless, and taking account of the fact that the deci-
sions were essentially commercial rather than tech-
nical, Armstrong’s place in the development of radio
is secure,

3¢ Lir, Edwin H. Armstrong to author, 21 May 52,
with incls. SigC Hist Sec File.
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locators, gave advance notice only as fast
as sound travels. During the work which
led to his contribution to the superhetero-
dyne receiving circuit, Armstrong consid-
ered the possibility of a receiver sensitive
enough to pick up the electromagnetic dis-
turbances given off by an airplane’s igni-
tion system.*® Another attempt made in
the same period was thermal detection.
This, too, was an effort to intercept the
electromagnetic radiations from an air-
plane engine, but to measure its heat as it
drew near or receded from range. Ther-
mal detection was a tantalizing field of
research. Even with the later successful
development of pulse detection, scientists,
including those in the Signal Corps Labo-
ratories, never wholly gave it up; but it
seemed always to promise better results
than it produced, and until the outset of
World War 11, aural detectors (sound loca-
tors), in association with searchlights,
marked American aircraft warning sites.

In order to meet its World War I mis-
sion, the Signal Corps had to multiply
itself by thirty-five. At the time of the 1916
National Defense Act, the Corps was
smaller even than when it had taken part
in the Spanish-American War. It com-
prised 42 officers and 1,212 enlisted men,
scattered over half the world. The Aviation
Section alone had grown as large. At the
declaration of war Signal strength was
only 371 more. Half were in the Washing-
ton-Alaska Military Cable and Telegraph
System, half were organized into a pattern
of field and telegraph companies.** To sup-
plement them, there were 6,000 licensed
amateur radio operators. More than 4,000
of these responded to a spirited recruiting
campaign which even promised “assign-
mentin a battle plane flying over the front
lines,” ** and, under a World War I pre-
cursor of World War II’s Affiliated Plan,
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thousands of men came in from the
commercial communications companies.
Among the regular Signal Corps troops at
the outset of the war, there had been
organized two telegraph and two field
battalions. The National Guard had ten
field signal battalions, no telegraph com-
panies, but sixteen separate companies—
all together 163 officers, 3,510 enlisted
men. The strength deficiency, then, was in
telegraph units, and it was to make up this
difference that the Signal Corps had per-
suaded American Telephone and Tele-
graph, Postal Telegraph, Western Union,
and Western Electric to organize battal-
ions of skilled technicians and to permit
many of their engineers to become Signal
Corps Reserve officers in 1916.%°

Training started at Fort Leavenworth,

4 E. H. Armstrong, “Vagaries and Elusiveness of
Invention,” Electrical Engineering, LXII, No. 4 (April,
1943), 149.

41 The field signal company authorized in 1907
consisted of 4 officers and 100 enlisted men. From
1910, regulations provided for one field signal battal-
ion to each infantry and cavalry division. The field
battalion comprised an outpost, a wire and a radio
company. (Memo, CSigO for CofS [1 Jan 36], sub:
Study of the reorganization of sig coms of div and
higher units. SigC OT 322 Gen.) The telegraph com-
pany, unlike a field company, did not serve at the
front; it had been created by War Department Gen-
eral Order 55 in 1913. Two of them made up a bat-
talion from 1916 on. Until just before the United
States entered the war, the signal field and telegraph
battalions existed only on paper. The first reference
to them in the Army List and Directory appeared on 20
December 1916. The issue for that date lists four bat-
talions of each type.

12 Kenneth B. Warner, “Radio Amateurs in War
and Peace,” Signals, I, No. 2 (November-December,
1946), 38.

43 For narratives of this expedient, see: (1) Ruth F.
Sadler, History of the Signal Corps Affiliated Plan,
Aug 44, pp. 1-14. SigC Hist Sec File. (2) Peter L.
Schauble, The First Battalion, the Story of the 406th Tele-
graph Battalion, Signal Corps, U.S. Army (Philadelphia,
1921). (3) 313th Field Signal Battalion History (Des
Moines, Towa, 1939). (4) A. Lincoln Lavine, Ctreuits
of Victory (New York: Doubleday Page & Company,
1921).
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Kansas, at Camp Meade, Maryland, most
particularly at Camp Alfred Vail, New
Jersey, and at several other locations;
forty-five universities and colleges organ-
ized special courses of instruction in tele-
phone and radio engineering, meteorology,
and photography; ** at Vail a camp of 129
buildings arose equipped with every
known device used in field signal work,
including a divisional wire net with under-
ground stations. In Washington the Office
of the Chief Signal Officer moved from
building to building as it outgrew itself.
Well over 50 percent of the total force of
~ the Signal Corps went into the American
Expeditionary Forces, there to become
about 4 percent of a much greater total.*®
This is not to count the Aviation Section.
In the American Expeditionary Forces at
the time of the Armistice, there were 50
field signal battalions, 28 telegraph battal-
ions, 11 depot battalions, and 19 service
companies: a sum of 1,462 officers and
33,038 enlisted men.

After demobilization had drained off the
wartime strength, after the years interven-
ing between the two world wars had dis-
pelled the full recollection of the earlier, a
residue of accomplishment was still to be
observed. There was, for one thing, a pic-
torial record of conflict compiled by the
cameras of thirty-eight Signal Corps pho-
tographic teams.*® There had been a prac-
tical demonstration of the Affiliated Plan.
At General Pershing’s demand for weather
service in France, military meteorology
had come back to the Signal Corps."’
Electronic knowledge had noticeably wid-
ened. And the principal Signal Corps post
had come into being in northern New
Jersey, with its character permanently
established. Not until 1925 did it become
a permanent installation and change its
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name from Camp Alfred Vail to Fort
Monmouth; but almost from the end of
the war it was the recognized center for
two principal functions, communications
training and communications research; it
was the site of the Signal School and the
Signal Corps Laboratories. With this post,
as possibly nowhere else in its range of
interest, the Signal Corps assumed the
aspect which it held at the outset of the
next war twenty years later.

4 (1) Memo, CSigO for CofS, cited n. 41. (2) Court-
ney R. Hall, The Development of the Office of the
Chief Signal Officer, Pt. I: 1917-1943, Sep 44, pp. 17-
18. SigC Hist Sec File.

45 Exec Order 2862, 20 May 18.

46 At the end of World War I, the Signal Corps had
become the repository for almost 7,000,000 feet of his-
torical motion picture film and for about 85,000 still
negatives, most of them purchased from outside
sources. This material joined the collection of military
pictures taken since the days of Mathew B. Brady in
the Civil War.

Although the photographic activities of the Signal
Corps began in 1881, the primary photographic duty
was assigned officially in July 1917. Memo, Brig Gen
Joseph E. Kuhn, Chief War College Div WDGS, for
CofS, 17 Jul 17, sub: Photography of military oper-
ations. PM-10122-1WCD Record Div National
Archives. Training films came to be a part of this
duty; the Army’s first one, Close Order Drill, was
photographed at the Military Academy in 1916, Pic-
tures for surveying and ground photomapping were a
responsibility reserved to the Corps of Engineers.
Memo, CofS for TAG, 19 Jul 17. PM-10122-1WCD
Record Div National Archives. The Air Service, after
its divorce from the Signal Corps on 20 May 1918,
took over aerial photography, along with 2,700 of the
3,000 men engaged in the military pictorial work. M.
E. Boswell, Signal Corps Photography in World War
I, Apr 46. SigC Hist Sec File.

WPD, Hist Br, Catalogue of Official A.E.F. Photo-
graphs Taken by the Signal Corps, U.S.A., WD Doc 903
(Washington, 1919), is an excellent guide to the still
pictures of World War I. The motion picture film can
be referred to from a title list in the National Archives.

47In 1917. Signal Corps weather stations com-
menced in the United States itself in 1918, and the
Meteorological Service was formalized in AR 105-
210, 12 November 1921. At its peak, it comprised
thirty-nine stations. AG file 665.6, passim, especially
Memo,OCSigO for WP&T Div, 30 Oct 31.



CHAPTER 11

The Army 1in Limbo

Postwar Curtailment

The sudden evaporation of a large
army, the change from crowded training
camps and busy offices to a backwater
organization, put a drain on military effi-
ciency and sense of identity. In the confi-
dence bursting forth from a victory and
with a natural reluctance to think of wars
in the future tense, the nation was glad to
revert to its normal civilian status and to
put the Army back in perspective. The
Army saw its recent strength vanishing,
and its brief influence wiped away as it
resumed the pleasant life of peacetime
service. The abrupt ebbing, followed by
gradual stagnation and ultimately a re-
commencing rise, formed the soil of the
next twenty years.

Ten days after the Armistice the remain-
ing allowances for the current fiscal year
were almost erased.* For industry’s sake,
Congress continued most of the 1,244 con-
tracts outstanding; they were fulfilled in
spite of the fact that the war was over, and
Signal Corps war-ordered equipment piled
up in the sudden peace with nobody to
use it. Civilian employees, drafted soldiers,
National Guardsmen, Reservists—all went
out along with most of the money. The
National Defense Act of 1920 provided a
strength of 5,000 men for the Signal Corps.
In 1921 the figure was down to 3,000 and
in 1922 had fallen to 2,184.* The 51st Sig-
nal Battalion, stationed at Camp Vail, was

the only one authorized for the post-World
War I Army. In every way, the dwarfing
of the Military Establishment left little
opportunity for studying and applying the
gigantic lessons of the war. Planning for
mobilization of industry in a future war
began with a marked lack of encourage-
ment.? Many laboratory projects came to
a halt. From time to time, enlisted men,
confronting frozen promotion lists and
meager pay, secured their release by pay-
ing to the finance officer a sum propor-
tionate to their unexpired term of service.
The Signal Corps continued, proud in its
own household but feeling, with the rest of
the Army, that at the national dinner table
it was sitting below the salt.

Raids and forays from other branches
of the service filled the place of the recent
war. The Field Artillery, the Air Service,
and the Tank Corps asked the Signal
Corps to concur in a change in Army reg-
ulations which would let them install,
maintain, and operate their own signal
communications systems. The Adjutant
General’s Office endeavored, without suc-
cess, to take over the War Department
Message Center. The Coast Artillery
Corps expressed a preference for having
the Corps of Engineers install its fire-
control systems. The Air Corps wanted
Tmo,S\N for Chiefs of Bureaus, 21 Nov 18.

2 CSigO, Annual Reports, 1920, 1921, 1922,
3 H. D. Hausmann, Signal Corps Activity in Indus-

trial Mobilization and Procurement Planning, 1920-
1940, Pt. L. SigC Hist Sec File.
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photography, military meteorology, and
development, procurement, installation,
and maintenance of air navigation equip-
ment.*

The hardest blow of all came first. In its
capacity as a prominent arm of the Army,
the Signal Corps had controlled combat
communications, except for the Field Ar-
tillery, well down to all but the smallest
echelons, or, to put it in another direction,
from the rear all the way to the front.
During the war just past, some signal units
within the infantry brigade had been
made up in part of Infantrymen, in part of
Signal Corpsmen from the outpost com-
panies of the field signal battalions; but
the general fact was that the communica-
tions of the great combat organizations
had been in sole charge of the Signal
Corps. The 1920 Army reorganization
carried this responsibility through the divi-
sional level, stopped it there, and from that
point on assigned communications to the
Infantry, Field Artillery, or Cavalry.’ In
effect, given the postwar Army, in which
units greater than a division scarcely ex-
isted, the order wiped out most of the
tactical interest of the Signal Corps and
permanently moved its center of gravity
away from classification as an arm and
toward classification as a service.

Every Chief Signal Officer protested,
beginning with Maj. Gen. George O.
Squier, who pointed out the confusion he
felt sure would result if several independ-
ent radio or wire systems operated in one
area, and who declared that signal com-
munication “MUST BE one complete and
coordinated system from battalion head-
quarters of the combat units to the Com-
mander in Chief of the Army.”¢ Col
George C. Marshall expressed himself in
much the same way, saying that he be-
lieved that communication troops should
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all be Signal Corps troops. But he had
made it clear that the units should be indi-
visible parts of the combat organizations
which they served, not, as had often been
the case in the American Expeditionary
Forces, to be broken in upon and deprived
of this man or that by the signal officer of
a higher level. They must “train and serve
habitually with the organization to which
attached.”

Nevertheless, and although there were
doubts as to the legality of the shift, the
change took place. It had much to recom-
mend it for other arms and services. In
many ways, it marked the beginning of an
essential Army-wide interest in communi-
cations matters.®* The new arrangement
specified that the commander of each unit
would establish the unit’s communications
system, his signal officer being responsible
for its efficiency. For the Infantry and

* (1) Memo, CSigO for CofS, 22 Jan 20, sub: Sig
com sv. SigC 676 Gen, 1918-1938. (2) Pauline M.
Oakes, The Army Command and Administrative
Communications System, Pt. I: War Department
Radio Net, 1920-1940, Oct 45, pp. 16-18. SigC Hist
Sec File. (3) Memo, Lt Col Consuelo A. Seoane for
Col Charles McK. Saltzman, 8 Mar 23. SigC 676 Gen
1918-1938. (4) Summary Report on Photographic
Activities of the Signal Corps Since August 4, 1941, in
the Fields of Motion Pictures and Visual Aid, 26 Feb
43, pp. 374-76. SigC APS Div File. (5) Courtney R.
Hall, The Development of the Office of the Chief
Signal Officer, Pt. I: 1917 -1943, Sep 44, p. 72. SigC
Hist Sec File. (6) M. P. Claussen, The Development
of Radio and Radar Equipment for Air Operations,
1939-1944, p. 11. Photostat copy in same file. (7) Ltr,
TAG to CSigO, 18 Jul 34, sub: Radio direction com-
pass, and 6th Ind, Chief of AC to TAG, 11 Mar 35.
SigC 413.44 Compasses |, 1919-1934.

*WD GO 9, 18 May 20.

5 Memo, CSigO for CofS, cited n. 4(1).

" Memo, CSigO for CofS [1 Jan 36], sub: Study of
reorgn of sig coms of div and higher units. SigC OT
322 Gen.

* (1) Memo, Maj Gen William G. Haan, WPD, for
[TAG?], 4 May 20. SigC 676 Gen, 1918-1938. (2) AR
105-15, 12 Nov 21 and 1 Aug 25. (3) Brig Gen Paul
M. Robinett, Ret., Chief Special Studies Div OCMH,
comment on MS, 25 Oct 51. Copy in OCMH.
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Cavalry, it solved the problem of having
signalmen arbitrarily transferred without
reference to the tactical problems of the
commander. Yet other difficulties arose.
Men not trained in communications work
contended that the Signal Corps equip-
ment was too delicate or was improperly
made. Signal platoons and detachments
became indistinct and undependable. The
using arms were authorized to train their
communications men by whatever meth-
ods worked best inside the regiment or
battalion or squadron, whereas signal
communication takes place much oftener
between than within units.

Thus an un-co-ordinated pattern of
separate training procedures invited chaos.
Six arms—the Infantry, Cavalry, Field
Artillery, Coast Artillery, Air Corps, and
Signal Corps—began to use diverse meth-
ods. “The Signal Corps is making the
utmost endeavor to assist in producing
standard training for all communications
troops of the Army, with a view to doing
its part in making the system workable,”
said Maj. Gen. Charles McK. Saltzman,
Squier’s successor, “‘but it is the duty of
this office to express the view that the
principle is not sound.” * In 1923 the Cav-
alry endorsed a resumption of the old sys-
tem, and the War College commandant
suggested that for the Infantry the divid-
ing line could be drawn so that brigade
communications returned to the Signal
Corps; but the parceling-out of responsi-
bility continued.*

Periodically, the Chief Signal Officers
denounced it, declaring that it had not
been thought suitable for the last war and
would not remain long in another one."
The opinion was universal in the Signal
Corps that communications must operate
under single rather than divided control.
The greater their complexity—and means
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of communication were becoming more
complex every day—the greater the ap-
parent urgency for having one agency
alone develop the signal plans, produce
the signal equipment, train the signalmen.
Maj. Harry C. Ingles, for instance, said
that the principle applied in the Air Corps,
too. Ingles became a World War II Chief
Signal Officer, and his words therefore
pass into and merge with an official posi-
tion insisted upon for twenty-five years.
The Signal Corps ought to have the re-
sponsibility for communications all the
way to the front in the Infantry and the
Cavalry, he asserted, and ought to have it
all the way for the Air Corps as well. So
far as the Air Corps went, ‘““the original
reason for the present arrangement was
that it was thought [by the General Staff |
that airplanes would be operating from
landing fields and airdromes so far in the
rear that it would not be practicable” to
assign air signal troops anywhere else than
at the rear, where they would presumably
spend their time putting in wire communi-
cations for the big headquarters. Airsignal
communications, Ingles felt, would. cer-
tainly entail much more than that, partic-
ularly when aviation, having ceased to be
subordinate, was no longer attached to the
ground arms. In his opinion, “This reason
never had very much foundation and now
. . . haseven less.” **

Maj. Jerry V. Matejka, also a Signal
Corps general of World War II, conceded
that a tactical commander must be “solely
responsible” for his own communications

¢ Ltr, CSigO to TAG, 2 Apr 24. SigC 300.3 AR
105-15.

1 SigC 676 Gen, 1918-1938, passim.

11 Historical Sketch of the Signal Corps (1860-1941 ), p.
93.

12 Notation by Maj Ingles on Ltr, Capt Fred G.
Borden to Ingles, 8 Feb 30. SigC 676 Use of Army
Com Systems 3, 1929.
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system and “must have absolute military
control” of all of the men assigned to it,
but contended that there was no reason
why the men must belong to the same arm
as the commander. Matejka repeated the
conviction that standardization of training
was vital, because good communications in
one regiment must be matched by good
communications in another regiment, if
there is to be good communication be-
tween the two. This training, he argued, is
a specialized knowledge, and the men who
master it need to know that they will be
rewarded for their skill, not held back be-
cause, being signalmen, they do not com-
mand troops. He recommended, therefore,
that Signal Corps units should be re-
established in echelons from which they
had disappeared, should be commanded
by Signal Corps officers on the command-
ers’ staffs, should be attached to the tacti-
cal organization rather than assigned, and,
the tactical mission being completed,
should once again become part of the
parent Signal Corps units from which they
had been detached.*®

Mayj. Gen. Joseph O. Mauborgne, like-
wise, becoming Chief Signal Officer, met
the lingering controversy. It came up in
1937 over the question of who was obli-
gated actually to put a radio into a combat
vehicle. Did responsibility for signal com-
munications extend to installing signal
equipment? The chiefs of the Infantry,
Cavalry, and Field Artillery, as well as
G-1, G-2, G-4, and Mauborgne, held
opinions at variance with each other. The
combat arms wanted to have the Signal
Corps do the installation of every set in
every one of their vehicles. But the lines of
authority had been drawn at a point
which made this impossible, the Chief
Signal Officer objected. His organization,
not being provided with the men or the
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funds for going throughout the Military
Establishment in order to install radios,
could only install them at the factory, as
part of an assembly-line process. Assembly-
line installation could occur only if the
Infantry, Cavalry, and others synchro-
nized their procurement of vehicles with
the procurement of accessories, yet so far
was this from being the case that appropri-
ations for the radio equipment were not
even sought in the same fiscal year as
appropriations for the vehicles themselves.
The combat arms must be prepared to
train specialists for handling communica-
tions. This was the point of major impor-
tance. Installing a radio was not difficult;
an untrained infantryman could doit. The
Signal Corps would put the pilot model in,
and would enclose specific instructions
with every set, but the Infantry, Cavalry,
Artillery, and other arms must use their
own men for the responsibilities which
they claimed.™*

Every year, meanwhile, put all forms of
signaling several years ahead of the stages
of development reached before the 1920
reorganization. The man who had been
expert in 1918 was ignorant in 1928 unless
he had kept himself informed of the new
devices and methods. Far from being able
to be communications mentor to the whole
Army, the Signal Corps could barely
maintain the paceitself. General Saltzman
took note of a growing demand for appa-
ratus of greater capacity and variety, but
was unable to do much to supply it.** His

13 Maj J. V. Matejka, “Signal Communication,”
Signal Corps Bulletin, No. 89 (March-April, 1936),
pp- 20-24.

4 Memo, Actg ACofS G-3 for CofS, 20 Aug 37,
sub: Revision of AR 105-15—re responsibility for in-
stallation of radio equip in vehicles. AG 676 (3-19-37)
(1) Revision of AR 105-15.

5 Lir, CSigO to All SigC Officers, 28 Mar 24. SigC
676 Gen, 1918-1938.



26

organization could afford almost no new
equipment for its operating functions in
Washington, the corps areas, Alaska and
the departments, nor even for its Signal
School at Fort Monmouth, where the de-
mands of the future made it particularly
important.

Recognizing the necessity for modern-
izing its curriculum, the school tried to
keep its instruction up to date and its en-
rollment at a high enough level to war-
rant the instruction. But only a few men
could be allotted to training without
affecting the efficiency of the Corps’ daily
responsibility; and there was considerable
dissatisfaction, moreover, with the caliber
of officers, whether from the Signal Corps
or from another branch, who were al-
lotted.'® Many a field officer was “deplora-
bly ignorant of signal communications.”” '’
In a few cases, men who could not be
spared from their duties in order to go to
the school sought further study at local
technical schools and universities; and
partly for their advantage, partly to main-
tain interest among Reserve and National
Guard officers, the school gave correspond-
ence courses. Even in these, however, stu-
dents did not always show the reasonable
familiarity with their own component of
the Army which the printed lessons and
monographs took for granted.

Occupied with routine duties, some
Signal Corps officers and men vegetated.
Routine duties, some essential, some un-
essential, told particularly upon enlisted
men. It became increasingly difficult to
maintain morale; the rate of turnover was
heavy. The Army Pay Act of 1922 had re-
duced the grades available to radio oper-
ators; as a result, a good operator did not
often re-enlist unless he had one of the
higher noncommissioned officer ratings.
From Monmouth, the 51st Signal Battal-
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ion was supplying qualified enlisted in-
structors and qualified enlisted adminis-
trative or technical specialists, but against
a steady demand that always exceeded the
supply. Of ninety-four men from the bat-
talion who were going to classes in 1928,
fifty-one were made available for assign-
ment as a pool of trained specialists. So
great was the need for them that the pool
was drained within six months.*® Officers
found themselves faced with the require-
ment that they develop attainments like
skill in public speaking and an elementary
acquaintance with international affairs,
with business administration, or with lan-
guages.” In another connection but on the
same theme, Maj. Spencer B. Akin, later
the postwar Chief Signal Officer, sug-
gested that it might be a good thing for a
Signal Corps officer to have at least “a
general idea of the probable effects on his
specialty of the most recently developed
agencies of warfare.” *°

The Continuing Technical Tradition

Taking a much tirmer view, from time
to time members of the Corps offered plans
for rebuilding it as a strong technical or-

18 (1) Ltr, Maj George L. Van Deusen, Sig School,
to Maj David McL. Crawford, OCSigO, 27 Mar 29;
(2) Ltr, CSigO to Comdt Sig School, 28 Mar 29; (3)
Ltr, CSigO to CO Ft. Monmouth, 24 Jul 29, sub:
Home study courses for officers. SigC 352.11 Gen
Courses of Instruction 1.

'" Ltr, Maj Ingles, Sig School, to Maj Otis K.
Sadtler, OCSigQO, 9 Mar 25. SigC 352.11 Gen 1.

% 8 Sgt Leo W. Bundy, History of Fort Monmouth,
1936, pp. 1-8. SigC Hq Ft. Monmouth 322 51st FM
1928.

1 AG Ltr, 22 Aug 30, sub: Honor courses in sv
schools. AG 352.01 (8-18-30) Misc (0).

20 2d Wrapper Ind, [Maj Akin, Asst Comdt] Sig
School Ft. Monmouth to CSigO, 7 Oct 31, on AG
Ltr, AG 352.01 (4-15-31) Misc M, 24 Sep 31. SigC
352.11 Gen 2.
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ganization.”* For steadily the technician
claimed a larger part of the soldier. Year
by year, it was becoming more necessary
for even a basic signalman to know Ohm’s
law than the manual of arms. In field exer-
cises there was little change; old habits
persisted like campaign hats.** But many
minds in the Corps were conscious of the
honorable tradition of scientific interest
and contribution which they inherited, as
well as alert to the studies and experiments
of their own day. The laboratories of the
Signal Corps** were the centers of this
interest. Whatever was amateur became
professional there; what was speculative
took a position well behind practical mili-
tary uses but was not cast aside altogether.
The growth of the service, such as it was in
the stunted years between wars, occurred
more in the technical than in the tactical
or administrative sides of the Signal Corps.

Research and invention of considerable
variety took place. Master Signal Electri-
cian Samuel O. Hoffman led off with an
experiment in thermal detection. In Janu-
ary 1919, at Langley Field, Virginia, he
endeavored to locate an airplane by inter-
cepting the heat of its engine. He was able
to register on a galvanometer the presence
of a Jenny which was flying at 3,500 feet
just after nightfall in thick, wet weather.
Beyond that, he failed, because unluckily
“the slightest whiff of cloud gave a warm
indication as large as a plane would
give.” ** This was an effort in a scarcely
opened field of the communications
spectrum.

In the better-known yet still sufficiently
novel span which ground waves occupy,
General Squier’s wired wireless came for-
ward to reach a wider public. Squier had
his invention demonstrated between the
Signal Corps Research Laboratory at the
Bureau of Standards (in Washington) and
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Baltimore, again between New York and
Albany on the telephone lines of the New
York Central Railway, and over a Chesa-
peake Bay cable of the Weather Bureau.*®
Among other things, the tests made clear
the feasibility of telephoning from moving
trains. Working from the wired wireless
principle, R. D. Duncan, Jr., who was the
chief engineer of the Signal Corps Re-
search Laboratory, developed an instru-
ment which he named the superphone,
because it promised ‘“absolute secrecy of
communication without any chance of the
conversation being overheard, interrupted
or broken into.” ** The promise exceeded
the performance.

Experiments in optical signaling made
use of polarized light. The physicist Rob-
ert A. Millikan, later a Nobel prize winner,
had instituted this research when he was a
Signal Corps major in 1917. Dr. Louis
Cohen and Maj. Joseph O. Mauborgne
worked on a new method of eliminating

2t E. g., Ltr, Sig Supply Officer, Sig Sec N.Y. Gen
Intermediate Depot, to CSigO, 29 May 24, sub: Sig
coms systems, with 2d Ind, CO Camp Alfred Vail, to
CSigO, 16 Jun 24, and 3d Ind, Col Voris to O/C Sig
Sec N.Y. Gen Intermediate Depot, 20 Jun 24. SigC
352.11 Gen 2.

22 See, for example, the 1933 training film, Signal
Communication Within the Infantry Regiment,
TF-13.

2% Before their consolidation on 12 August 1929 as
the Signal Corps Laboratories at Fort Monmouth,
these consisted of the Electrical Laboratory and the
Research Laboratory in Washington (the latter at the
Bureau of Standards) and the Radio Laboratory at
Monmouth. In addition, there was the Signal Corps
Aircraft Radio Laboratory at Dayton, Ohio.

24 8. O. Hoffman, “The Detection of Invisible Ob-
jects by Heat Radiation,” paper read at ninety-
seventh meeting of the American Physical Society,
25-26 April 1919, Physical Review, 2d Ser., XIV (Au-
gust, 1919), 154.

2 “Recent Experiments in Wire Radio,” Signal
Corps Bulletin, No. 6 (February, 1921), pp. 4-6.

26 Maj. Gen. George O. Squier, “A New Telephone
Invention, the ‘Superphone,” ” Signal Corps Bulletin,
No. 12 (January, 1922), p. 1.
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static. Capt. Fred P. Andrews developed a
variable condenser for use on the Alaska
cable system. A transmitter-receiver reso-
nance indicator was worked out by 1st Lt.
Wesley T. Guest, although after four years’
negotiation he was unable to patent it for
the government.*” O. E. Marvel, a radio
engineer for the Signal Corps at McCook
Field, Dayton, Ohio, contributed to the
development of a radio-controlled auto-
mobile with which the Engineering Divi-
sion of the Air Service at that field used to
mystify visitors.

The Signal Corps had become respon-
sible for radio research and development
in the broadest sense in February 1919,
the authorization only confirming what
was already the case, because both the
American Expeditionary Forces and the
Air Service had depended upon it for wire-
less equipment.?® After the Armistice, the
work which had been carried on in Paris,
Washington, and Little Silver, New Jersey,
shrank and concentrated. Some of it con-
tinued at the Bureau of Standards for a
time, along with Navy research. Then it
was moved to Little Silver, ultimately to
be joined by the Signal Corps electrical
and meteorological laboratories in the
area to be known as Fort Monmouth.?®
Close confidence surrounded the work, for
radio was a generic term which covered
many technical experiments. To the pub-
lic, conveniently, it meant little else than
broadcasting—just as aviation was coming
to signify heavier-than-air flight only; and
even to uninitiates within the Signal Corps
itself, the term raised no notion of any-
thing more than a weak competitor to the
standard wiré means for communication.
However, to the engineers in the Signal
Corps Laboratories, as to electrical science
and commerce generally, it meant, above
all, wireless communication in the estab-
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lished fields of telephone and telegraph.

Loop radio, having reached postwar
official status as the SCR-77,2° made its
appearance at Fort Sill, Oklahoma, where
Mauborgne showed it to the Field Artil-
lery Board. Airborne radio began to
achieve real importance, and a clear dis-
tinction grew up between ground and air
equipment. There came to be three kinds
of air radio equipment, depending upon a
primary use for communications, naviga-
tion, or meteorology. The Signal Corps
Laboratories established a liaison staff at
McCook Field, in 1922, in order to super-
vise the testing of air communication and
air navigation sets, but kept meteorologi-
cal development at Camp Vail. Since the
Meteorological Service, which had been
revived in 1917 and 1918, was for the
Army as a whole, it seemed a good idea to
retain meteorological devices, whether for
air or ground use, at the New Jersey de-
velopment agency. McCook Field was
incorporated into Wright Field, and
Wright Field became the air matériel cen-
ter. The liaison group there became the
Signal Corps Aircraft Radio Laboratory;
from 1927 on, it proposed as well as tested
the equipment which the Signal Corps
developed for the Air Corps.

7 8igC 072. Patents, assembled alphabetically by
name of inventor: Andrews, Guest, ¢/ al.

2% For a few months in 1918 the Air Service had at-
tempted both to install radio sets and to train radio
operators, but, overreaching itself, had conceded the
training to the Signal Corps. Thereafter, the Air Serv-
ice provided personnel and school facilities for the in-
struction and airfields and pilots for research experi-
ments and practice trials. WD, Annual Reports, 1919,
Vol. I, Pt. I, pp. 1189-93.

28 CSigO, Annual Report, 1930, p. 41.

3¢ Originally standing for ‘“‘set, complete, radio,”
the initials SCR came by general consent to mean
“Signal Corps radio” instead. Although to the public,
a radio set was likely to mean only a receiver, to a Sig-
nal Corpsman a set included, not only the receiver,
but also the transmitter, antenna, and power supply.
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THE SCR-77 in use during ROTC training at Camp Val, New Fersey.

Meanwhile, Camp Vail became Fort
Monmouth, and the main Laboratories
there had reached the “130” series of
SCR’s. These were portable sets which
showed the sharp functional distinction of
their World War II descendants: the
SCR-130,131, and 132 were ground forces
radios (and the 131 continued in use until
1944), whereas the next four in order were
made for the air forces. The SCR-133 was
for pursuit airplanes; observation planes
would employ the 134; night bombers, the
135; and the SCR-136 was a ground-to-
air set. The view which prevailed then of
the prime function of a military airplane
is indicated by the fact that the SCR-134,
the observation plane set, received the
most attention; comparably, the bombard-
ment airplane’s SCR-135 was projected as
‘““a set whose range when used as a radio-

telephone will be from 80 to 100 miles, and
. . . as an undamped wave radiotele-
graph . . . from 200 to 250 miles.”**
Armstrong’s superheterodyne receiver had
vanished into an eddy of patent difficulties
before his postwar successors in the Signal
Corps could smooth out its performance
for military uses. Unable to use the super-
heterodyne, and rendered dependent by
the Congresses of the 1920°s which
awarded all government enterprise to pri-
vate business, the Signal Corps did what it
could with commercial radios of the day.
These sets cramped the receiving antenna
into a small space in order to achieve a
marketable compactness, but had the ad-
vantage of the simple tuned frequency.
mrplane Radio Set: Experimental Work

on SCR-135, Airplane Radio Transmitter,” Signal
Corps Bulletin, No. 6 (February, 1921), pp. 1-3.
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Some of the disputed patents expired in
1931 and, with the commercial companies
engaged in rivalry to bring out new super-
heterodyne sets, the Signal Corps was able
to ask them to produce one for the Army.
The receiver BC-189, the first superheter-
odyne receiver standardized for an Army
set, was ready by 1934.%

In navigational radio, the Bureau of
Standards, the Air Service, and the Signal
Corps collaborated on the radio beacon, a
device which the ever-lengthening range
of airplanes was making inevitable. Flight
tests had been made with it at Bolling
Field, Washington, D. C., in 1921. Shortly
afterward, the work was transferred to
Ohio. A variety of other flights tested and
improved it until, in 1927, it guided Air
Corps Ist Lts. Lester J. Maitland and
Albert F. Hegenberger to Hawaii, slightly
in advance of the late-summer “Dole
Derby” over the same route.

In 1935 a noteworthy reorganization
collected all development work in air
communication and air navigation equip-
ment, whether Signal Corps or Air Corps
work, and lodged it in the single agency,
the Aircraft Radio Laboratory of Wright
Field. Progress in new types resulted. The
joint effort produced military versions of
the radio range and the radio compass;
versions of all of the instruments for blind
flying (altimeter, gyrocompass, artificial
horizon, airspeed indicator, bank-and-
turn indicator, rate-of-climb meter); and
the instrument-landing system which
developed into ground-controlled ap-
proach.??

Military airfields throughout the United
States and in the Canal Zone and Hawai-
ian Islands were gradually equipped with
homing beacons and radio ranges. The
ranges, of a new type advocated by the
Department of Commerce, permitted an
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extra channel for radiotelephony. Thus,
the station could broadcast weather infor-
mation along with the beacon signals (the
“A,” the “N,” and the steady, on-course
tone). With the speed of flight increasing,
this was a great advantage, because a pilot
could lose his course if he had to switch off
the range signal in order to get the weather.
At that stage of aviation, however, radio
aids to flying had by no means established
themselves. The least progress made at the
Aircraft Radio Laboratory was in the fun-
damental decision of whether to include
radio equipment in the blueprint design of
aircraft. The ability to fly by instruments
held forth such obvious advantages that it
seems astonishing that radio was not inte-
gral to all military aircraft from the mo-
ment that it was available. Designers and
aviators alike, nevertheless, were often
reluctant to part with the maneuverability
and speed which the weight and bulk of
the radio sets would cause them to lose.
For some time the airborne equipment
developed at the Aircraft Radio Labora-
tory was merely accessory. In 1936, how-
ever, the Signal Corps announced that
“the Army’s 1,150 war planes at last were
equipped fully with radio communication
and the utmost in military navigation de-
vices.” ** The communications equipment
thus replaced had been in use since 1922.

Meteorological research, at the Fort
Monmouth laboratories, acknowledged a
debt to Maj. William R. Blair, which was
also acknowledged in the Air Service’s
1924 round-the-world flight. Blair, who
had been head of the Meteorological Sec-
tion in the American Expeditionary Forces

32 Signal Corps Information Letter, No. 11 (Octo-

ber 10, 1936), p. 8. [See Bibliographical Note.)|

41 Capt. F. L. Ankenbrandt, “Ceiling Zero— Visi-
bility Zero,” Signal Corps Bulletin, No. 109 (July-
December, 1940), pp. 10-25.

34 Kansas City Star, February 13, 1936.
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EXPERIMENTAL ANTENNAS installed on an airplane.

and who took a leading part in the work
at Fort Monmouth for many years, joined
scientists of the Bureau of Standards,
especially Harry Diamond, in working out
the principles of an audiomodulated
radiosonde. It was not called the radio-
sonde then, but the radiometeorograph.
Any weather-station man was practiced in
releasing a small pilot balloon and calcu-
lating its rise and drift by following it with
a theodolite until it disappeared from
view. The new meteorograph held outa
promise of being useful at night and on
cloudy days, when the weather man could
not see the balloon, and of providing in-
formation regarding temperature, pres-
sure, and humidity as well as wind data
above the clouds. It consisted of an auto-
matic, battery-powered, miniature weath-
er station and transmitter, borne by the

pilot balloon. When the expanding
balloon burst in increasingly thin air, the
instruments would parachute to earth, to
be salvaged, if they could be found, for
another flight; meanwhile, the meteorol-
ogist would track the automatic squeaks
of the transmitter with directional receiv-
ing antenna on the ground.

In the summer of 1935 the Meteorol-
ogical Service sent st Lt. William H.
Wenstrom and three enlisted men to set
up a temporary weather station at Rapid
City, in the South Dakota Black Hills.
There the Air Corps and the National
Geographic Society undertook a success-
ful balloon ascension into the stratosphere.
Wenstrom and his men gave radiomete-
orography a series of tests, sending 45-inch
and 12-inch pilot balloons aloft and de-
tecting the signals by means of a super-
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heterodyne receiver. By 1938 the Air
Corps’ Patterson Field, Ohio, and Barks-
dale Field, California, were using the
radiometeorograph, in a form standard-
ized at one and one-half pounds for the
device itself, one-half pound for its para-
chute, and one pound for the balloon; it
broadcast its signals on a frequency of
179.6 megacycles.?

In addition to all of these tangible evi-
dences of advance, the pages of the Signal
Corps Bulletin reflected the possibilities—
not yet the actualities, but the possibil-
ities—which excited radio scientists and
engineers. William D. Hershberger, asso-
ciate physicist at the Laboratories, wrote
in the Bulletin of experiments in radio
optics, a term then used to refer to the
area of the spectrum from the P-band to
the K-band where radar afterward mate-
rialized; it derived from Hertz’s demon-
stration in 1886 of the optical properties of
radio waves. Capt. John J. Downing pub-
lished a theory of radio reflection. Paul E.
Watson, for whom the Signal Corps
Eatontown Laboratory was renamed after
his death in the midst of World War 11, ex-
plained antenna radiation characteristics
and devised a method for computing
ground-wave intensities. Capt. K. M,
Soukaras analyzed the propagation -of
radio waves into the ionosphere. In a sum-
mary of essential facts known about radio
energy, and emphasizing the debt which
any item of military equipment owes to
the theory that precedes it, Maj. Roger
B. Colton offered rules of thumb for the
Laboratories in their radio equipment
projects:

(1) Frequencies below 100 kc . . . re-
quire extensive and expensive antenna sys-
tems; (2) frequencies between 100 and 1,500
kc are generally useful . . . (3) frequencies
between 1,500 and 2,500 kc are especially
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good for vehicles, small boats, and airplanes,
and for short and medium distances, but in
airplanes it is generally preferable to use fre-
quencies from 3,000 to 3,500 kc alternatively
with frequencies from 5,000 to 6,000 kc;
. . . (5) frequencies above 30,000 kc are
very short distance frequencies; (6) frequen-
cies above 300 mc (300,000 kc) behave very
much like light and are as yet hard to pro-
duce efficiently.®®

Colton, a graduate of Yale and the Massa-
chusetts Institute of Technology, later be-
came director of the Signal Corps Labora-
tories during the three years before Pearl
Harbor.

Wire projects gradually assembled
much of the wire equipment that was to
be used in the forthcoming war. There ap-
peared a lightweight field teletype, the
first which the Signal Corps had, an
adaptation of a commercial teleprinter;
another teleprinter, applicable to radio as
well, and produced by George A. Graham,
who was afterward the chief engineer of
the Wire Section at Fort Monmouth;
W-110 field wire, for which the Labora-
tories investigated the possibility of replac-
ing tin and rubber with cellophane and
duprene, two Du Pont synthetics; laryn-
gaphones and, later, built-in diaphragms,

35 (1) Interv, SigC Hist Sec with William R. Blair,
SigC Ret., Locust, N. J., 12 Feb 50. (2) Signal Corps
Information Letter, No. 6 (July 10, 1935), p. 18, No.
18 (July 1, 1938), p. 16, No. 19 (October 10, 1938),
p- 15.

3 W. D, Hershberger, “A Survey of Radio Optics,”
No. 79 (July-August, 1934), pp. 15-23; Capt. J. J.
Downing, “Reflection of Radio Waves,” No. 99
(January-March, 1938), pp. 27-30; Paul E. Watson,
‘“Antenna Radiation Characteristics,” No. 99 (Jan-
uary-March, 1938), pp. 65-78; Watson, “A Method
of Computing Ground Wave Intensities,” No. 103
(January-March, 1939), pp. 48-55; Capt. K. M.
Soukaras, “Radio Wave Propagation and the Iono-
sphere,” No. 106 (October-December, 1939), pp. 27-
32; Maj. Roger G. Colton, “Radio Energy Radiation
and Propagation,” No. 86 (September-October,
1935), pp. 18-25. All in Signal Corps Bulletin.
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so that gas masks could be used with
standard telephones; the EE-8-T2 tele-
phone; and the sound-powered telephone.
The last, as its name indicates, was an in-
strument which dispensed with dry bat-
teries and activated its transmitter merely
from the power of the human voice. Du-
bious about it, the Signal Corps neverthe-
less bought two sets for testing. These
came from the Bell Telephone Laborato-
ries, and were identical with those the
Navy used on battleships. In addition, the
Signal Corps scrutinized Radio Corpora-
tion of America and Control Instrument
Company sets, and signed a 1937 contract
for a dozen of still another model with the
Automatic Electric Company.*” The
sound-powered telephone was never a
favorite in those years, however.

The EE-8 telephone, Type 2, became
the answer to a general need among all
components of the service for a superior
military field instrument, light of weight,
rugged, easily maintained. First standard-
ized in 1932, although not procurable
until 1937, it was one of the items devel-
oped well in advance of World War 11
which proved themselves in that conflict.
Outdoing the maximum transmission
range of its predecessor, the EE-3, by at
least six miles, it was also lighter in weight
and “talked up much better.”** Other
items of wire communication equipment
which these years brought out included
the telegraph set, TG-5, which won the
approbation of the Field Artillery; reel
units with improved wire-laying and wire-
recovering devices; a loading coil for
Coast Artillery and Signal Corps long
field lines which trebled their range; and
W-130 wire, a strand even lighter than the
field wire W-110. Assault wire, as it was
known, had to be flexible and light of
weight, very easy to handle and carry, be-
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cause front-line men would use it. If the
outer rubber insulation were applied by
the usual extrusion process in manufac-
ture, the wire would be too thick and stiff.
Drawing it instead through liquid latex
seemed to solve the difficulty.®®

Much of the development work took
place without the sympathy of the Army
as a whole, which, encased in a skintight
budget, was likely to declare that no
money should be frittered away on to-
morrow-projects when today had to.be
taken care of first. The nation at large,
which as an electorate was responsible for
the tight budget, insisted moreover that
the Army use up what it had before ever
asking for more. Admirable as this sort of
thriftiness was in checking wastefulness, it
did not help the services to keep up to
date. Stocks left over from ten years earlier
had to be “consumed’” even though from
the engineering point of view they were
obsolete. Often this meant dismantling
models of several types and recombining
them, in order to get something as close as
possible to what the consumer required
without going to any expense except con-
siderable overhead and salaries.

Although in 1927 the Signal Corps
Technical Committee endorsed the devel-
opment of a monocord switchboard, the
Chief Signal Officer indicated that neither
time nor funds would permit it.** The

37 Hist Sec E&T Divs OGCSigO, History of Signal
Corps Research and Development in World War II,
1945-46, Vol. V, Wire Communication, Pt. 4, Proj
562-B. SigC Hist Sec File.

3% Memos for Record, Maj Louis Cansler, OCSigO,
25 May and 5 Sep 36. SigC C&E Equip Gen.

39 Signal Corps Information Letter, No. 18 (July I,
1938), p. 12.

* Capt George I. Back, O/C Wire Equip Projs
SCL, History of Wire Communication Development
Projects and Certain Miscellaneous Development
Projects During the Period 1924 to 1933, 23 Aug 33,
p- 9. SigC Hist Sec File.
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engineers proposed an improved telegraph
set in the same year, but could not order
it while numbers of the old sets were on
hand. They abandoned an interesting
project for a mobile meteorological station
for lack of money. There was very little
progress until the 1930°s in the redesign-
ing of fire-control systems for coastal guns.
The Office of the Chief Signal Officer had
to cancel an assault-wire project. Poverty
seemed pretty constricting. Yet sometimes
these cancellations came from decisions
which held, not that they cost too much,
but that they had no value. In 1928, for
instance, the Research and Engineering
Division improved a signal lamp, only to
find that although the Coast Artillery did
want it the Infantry did not, and the Field
Artillery was unenthusiastic.*” A more
striking case in point, particularly to those
who struggled a decade later with wet,
rusted, gritty, or fungus-clogged equip-
ment, is the dropping of a project for shel-
ter for communications in the field,
because “no need could be foreseen for
equipment of this character.” **

Usually, though, the fault was not
shortsightedness but shortness of means.
Considering the whole annual appropria-
tion, research and development got what
looked like a generous share, but it was
not a relatively predictable, day-by-day
activity, and other Signal Corps functions
were.*® The nub of the problem, indeed,
was that research and development de-
manded heavy outlays if there was to be
any return at all, yet could not be certain
of rewarding every investment,

Defense-Strategy Signaling

The riskiest, the most elusive of all
projects now a successful part of past his-
tory were the detection projects. Militarily
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they were of unmistakable significance.
They were related to a fundamental rule:
know where your enemy is. To the United
States of the 1920’s and 1930’s, which
thought solely in terms of defense, detec-
tion was associated with the desire for
enough warning; and because the air-
plane was above all others the weapon
most likely to appear without warning,
detection projects became to an ever
greater extent aircraft warning projects.
Detection also implied the discovery of
targets on land and sea, and the location
of objects or persons that were not targets
as well as of those that were. In later
usages, even, it included finding the fixed
as well as the moving—Ilandfalls and
mountains, along with mobile objects like
approaching bombers, submarines, night
scouting parties, birds, rain clouds, and
V-2 projectiles.

Some methods of locating used one-way
devices; that is to say, they depended
upon picking up radiations from the ob-
ject being detected. Others were two-way,
sending out radiant energy and measur-
ing it when the target reflected it. Detec-
tion research ranged the known spectrum.
It explored visual means, as in bringing
an airplane within the beam of an antiair-
craft gun battery’s searchlights or comput-

in putting down the rcbellion of Abd-el-Krim, had
used visual signals. He thought that the American
Army ought to keep them, too, and develop them
“rather than let [them] become discarded because of
cumbersome apparatus and insufficiently trained per-
sonnel.” Ltr, Lattin, Office Mil Attaché, Paris, to
CSigO, 4 Nov 25. 8igC 676 Sig Coms of the French
Army.

2 Back hist cited n. 40, p. 35.

" For example, in one subunit fiscal plan which
estimated $1,950,000 for construction of communica-
tion systems, the main activity of the Signal Corps, re-
scarch was budgeted at $480,000. Memo, Fiscal Div
for Maj Owen S. Albright, 19 Feb 25. SigC OR 381
Mob Plng.
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ing the position of a 16-inch railway-
mounted gun by measuring its muzzle
flash. It depended upon sound, as in the
aural detectors of the nation’s 1939 coastal
defenses. It produced results by heat, or
infrared rays; by ultraviolet rays; by short
radio waves; and, most impressively of all,
by microwaves. Several of these avenues
had opened in World War I. Light was the
principal means of detection then, when
flares and star shells illuminated no man’s
land and searchlights attempted to catch
zeppelins in their beams. Radio direction
finding was a valuable adjunct to ground
tactics; and the efforts at detecting air-
planes by intercepting the very short
waves given off by the ignition systems or
by locating their infrared radiations had
led to the postwar experiments in thermal
detection of aircraft which Signal Corps-
men engaged in at Langley Field and also
at Columbia University.

Sound-locating equipment, turned to
after the early thermal experiments, ab-
sorbed a good deal of both Signal Corps
and Ordnance attention. Scientists under-
stood its physical limitation—the basic
fact that the objects to be detected were
already flying half as fast as sound
travels—but had to bring it into being
anyway, pending something better. In the
equipment which they brought out the
Army got its first practical means of
detecting airplanes at a distance. Just as
searchlights, the first method attempted,
extended the sense of sight, and as pulse
radar is figuratively an extraordinary
heightening of the sense of touch, so the
intermediate method sharpened the hear-
ing. Binaural detectors employed large
horns in order to track an approaching
airplane by the noise of its engines. Orig-
inally there were four horns, one pair
funneling sound into the ears of the az-
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imuth operator, the other pair serving the
elevation operator, but the number was
reduced to three in the last models just be-
fore radar replaced sound location."*
Binaural equipment controlled 60-inch
searchlights, in an association of extra
sight with extra sound. Aural detection
passed through a series of refinements
which kept it a part of the nation’s anti-
aircraft defenses until after World War 11
had begun. Nonetheless, it was doomed
from the outset, because sounds move too
slowly to provide much warning.

Sound ranging in another field led to
experimentation in hydracoustics or ma-
rine aural detection. In July 1922 the Sig-
nal Corps fell heir to some of the sound-
ranging projects of the Coast Artillery
Corps,*® and in 1930, making the custom-
ary arrangement with a using arm, took
over all of the laboratory development of
the equipment while the Coast Artillery
assumed its field testing. Some of the
equipment was for ground sound location,
but the Coast Artillery Corps had particu-
lar interest, next to antiaircraft projects, in
detecting water-borne targets. Hydro-
coustic ranging, as the words suggest, en-
deavored to calculate the distance of an
object by hearing it through water.
Scattered attempts had been made to de-
velop it, as an aid to navigation solely, be-
fore World War I. The technique was
based upon the fact that surface or under-
water craft emit sound waves which deli-
cate underwater microphones can pick up
and transmit to instruments on shore. In
its simplest terms, such an arrangement

4 Harry M. Davis, History of the Signal Corps De-
velopment of U.S. Army Radar Equipment, Pt. I,
1944, Fig. 1. SigC Hist Sec File.

3 “Engincering and Research” and “Development
Projects of the Signal Corps,” Signal Corps Bulletin,
No. 18 (Fcbruary, 1923), pp. 27-28, and No. 21 (Au-
gust, 1923), p. 7.
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provided a “seeing ear” by which the ob-
server on land could tell what was going
on underneath the water or on its surface,
in spite of distance or poor visibility. Dur-
ing its years of work in subaqueous sound
ranging, the Signal Corps produced sev-
eral instruments, and had binaural sets
ready for service test by 1935.

Other forms of detection of ships, chal-
lenging the aural methods, claimed atten-
tion. One means tried by the French liner
Normandie called for the transmission of
ultrahigh-frequency (15-centimeter) radio
waves in a 45° arc in front of the bow.
When the radio waves encountered an
object not more than a dozen miles away,
they were reflected into a sensitive receiv-
er and amplified so as to be made audible
in a telephone receiver. “This was a sort
of ear-radar,” and an extraordinary ad-
vance.*® A suggestion closer to Signal
Corps interests, because it came to the
Laboratories from the Hawaiian Depart-
ment, proposed an adaptation of Milli-
kan’s “black light” to alert the coast of
Oahu with a system of ultraviolet beams
impinging upon photoelectric cells. An in-
coming ship or landing party would her-
ald itself by interrupting the beam. The
Laboratories, however, pointed out the
impracticability of the proposal. Such
rays are tangential to the surface of the
earth; the only way to cover the island ap-
proaches would have been with a dense
series of beams, and some of the apparatus
might have had to be placed 250 feet
above the water line.*’

Infrared methods, both for airplanes
and for ships, were steadily under trial.
When Major Blair was the officer in
charge of the Research and Engineering
Division of the Office of the Chief Signal
Officer in the late *20’s, he expressed his
dissatisfaction with sound locators and
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recommended that money be allocated
for both high-frequency radio and heat
detection. He was especially interested in
the former, being one of the few men of
that time who saw possibilities in detec-
tion by means of having radio waves
“bouncing back like an echo.” **

Upon becoming director of the Labora-
tories in 1930, Blair scheduled a project to
inquire into the potentialities of both. Set
up in February 1931, Project 88 had the
title Position Finding by Means of Light,
but what was in mind was more nearly
Detection by Means of Electromagnetic
Radiation—in that part of the spectrum
which spans both microwaves and in-
frared rays. Scientists referred to it as the
“radio-optic” field because the radiations
are of such high frequency as to have line-
of-sight characteristics. The assignment of
Project 88 to the Sound and Light Section
brought into proximity all of the explora-
tions of means of detection. Blair first put
the emphasis on heat ranging. Year by
year thermal research had reached several
more of its frustrating yet elusively promis-
ing climaxes. At the Aberdeen Proving
Ground, in 1926, the Ordnance Depart-
ment had detected an airplane by reflected
infrared rays and the Naval Research
Laboratory had reported successful ex-
periments. Because Ordnance had just

% Orrin E. Dunlap, Jr., Radar: What Radar Is and
How It Works (New York: Harper & Brothers, 1946),
p. 117. For a contemporary description of this equip-
ment, see “ ‘Feelers’ for Ships: New Micro-Wave
Equipment Described,” Wireless World, XXXVIII
(June 26, 1936), 623-24.

*7 Ltr, CG Hawaiian Dept to TAG, 30 Mar 34, sub:
Use of ultraviolet-ray projectors, and 2d Wrapper Ind,
Dir SCL to CSigO, 16 May 34. SigC 311.6 Ultra-
violet-Ray Projectors— Defense of Oahu.

15 “T remember those exact words.” Statement by
Brig. Gen. Oliver L. Spiller, Coast Artillery Corps, in
an interview with Capt. Harry M. Davis, 28 June
1945, Washington, D. C. 8igC A46-160 Data on Blair
Patent Search.
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withdrawn in favor of the Signal Corps,
infrared work in the new Project 88 was
based upon the Ordnance researches. Sig-
nal Corps experience going back to the
1919 tests was added to it in the person of
the section chief, Dr. S. H. Anderson, who
had been present at Langley Field when
Hoffman made them. In 1932 the Labora-
tories tracked a Navy blimp to 6,300 feet
by the reflected infrared means.**

In 1934 it became apparent that, al-
though the Ordnance-Signal Corps du-
plication had been resolved, another had
taken its place. The exchange of corre-
spondence over the Hawaiian Depart-
ment’s electric eye suggestion brought to
the attention of the General Staff the fact
that secret thermal research was in prog-
ress in two parts of the Army; for the Sig-
nal Corps, in pointing out that its infrared
projects were more likely to turn out well
than the ultraviolet method, drew an ob-
jection from the Corps of Engineers.
Charged with the responsibility for de-
veloping searchlights, the Engineers had
sponsored research in infrared detection
after a 1933 Air Corps-Antiaircraft ex-
ercise at Fort Knox, Kentucky, had shown
how unsatisfactory the accustomed air-
craft warning equipment was. Pending a
decision on the question of responsibility,
both combat services kept their thermal
detection projects in force.

Meanwhile, the method inherited from
Ordnance, the reflected (two-way) meth-
od, proved disappointing and the Signal
Corps suspended further work on it; the
equipment could not generate enough
heat to be detectable after any moderately
long round trip. The radiated, or one-
way, approach was kept open. With a
thermolocator, which they produced for
marine detection only, the Fort Mon-
mouth experimenters more or less success-
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fully tracked a series of ocean liners sailing
past them from New York Harbor: the
Mauretania to a distance of 23,000 yards in
1934, the Normandie to 30,000 in 1935 and,
in the same year, the Aquitania to 18,000
through a fog. They were even able to dis-
tinguish the Mauretania’s dummy smoke-
stack from her three real ones.?® Neverthe-
less, the Laboratories’ detection research
was due for a new departure. Radio-wave
work was about to take full precedence
over heat ranging. Thermal detectors
were delivering much better results than
radio, but their limit of efficiency persisted
in arriving too soon.

The services’ study of radiolocation had
begun in detail at the Naval Research
Laboratory in 1930. On December 10 of
that year, Dr. A. Hoyt Taylor and his
colleagues there had demonstrated Dop-
pler-method equipment to representatives
of the Signal Corps, the Coast Artillery,
and the Air Corps. The Doppler method
is more commonly referred to as beat de-
tection, in distinction to pulse detection,
the means finally adopted for most of the
wartime radar equipment. The principle
of beat detection is much the same as that
of the superheterodyne receiver, because
it depends upon a difference in fre-
quencies. A transmitter sends out high-
frequency waves, the waves strike a mov-
ing object, and the contact changes their
frequency. The interruption has slightly
retarded or accelerated them, with the re-
sult that they return at a frequency just
different enough so that as they beat
against the new outgoing waves the dif-
ference is perceptible. It is a difference of
only a few hundred or a few thousand
cycles, and thus can be heard in a re-

4 Davis hist cited n. 44, p. 20.
%0 (1) SCL, Supplementary Prog Rpt, 1935. (2)
Interv with Gen Spiller cited n. 48.
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ceiver. It can also be indicated on an
oscillograph, and the speed and direction
of the object which the waves are inter-
cepting can be precisely measured. The
naval laboratory research in the radio-
interference method had not reached this
stage; it was in its beginnings. Indeed,
Blair was unenthusiastic about it because
it seemed to offer no precision at all. It
showed generally that there were air-
planes in the vicinity, but not where each
one was.”’

Here was a case where no one was
wholly wrong or right. In terms of the
interceptor aviation of that day, beat de-
tection promised to permit a squadron to
be warned, get into the air, catch sight
of the enemy, and engage in a dogfight.
From this point of view, both naval avia-
tion and the Army Air Corps would be
interested. But the Signal Corps was de-
veloping aircraft warning equipment for
the use of the Coast Artillery primarily,
and, in terms of ground antiaircraft fire,
beat detection sounded unpromising. The
guns would have no exact firing informa-
tion and the attacking planes would be
past and out of sight before they could get
it. Nevertheless, the Signal Corps Labora-
tories put Willilam D. Hershberger to
work on radio interference in the Radio
Section.

In 1931 Taylor’s tests indicated that the
beat method would require a wide separa-
tion of the transmitter from the receiver.
Given a characteristic of that sort, the
equipment would be almost impossible to
install on a ship. The Secretary of the
Navy, forwarding to the Secretary of War
in January 1932 a report on the Naval
Research Laboratory’s work, suggested
that the Army might have more use for it.
Actually, the laboratory continued with it,
Taylor, Leo C. Young and Lawrence A.
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Hyland taking out a patent on it in 1934.%*

Hershberger, whose practice at first was
simply to note an increase in the signal
strength at the receiver when the reflec-
tions came back, was assigned to the
Sound and Light Section in 1933. As the
work became a segment of the whole pro-
gram of radio-optic research, it began to
undergo more hopeful exploration.”® In
1934 a Signal Corps detector of substan-
tially the same type as the Normandie
equipment showed itself capable of fol-
lowing a truck which was being driven on
the parade ground, a boat off Sandy
Hook, and so on. It was made with an
RCA-Victor 9-centimeter magnetron and
used a parabolic reflector. Dr. Irving
Wolff of the RCA laboratories conducted
the tests. This may well have been the first
successful use in the United States of
microwave radar, or of what eventually
became microwave radar.**

A decade later, the fact that the beat
method readily distinguishes moving ob-
jects from a stationary background, such
as a mountain, was to cause a revival of
interest in it, just as, for different reasons,
thermal research again became important,
The radio interference equipment used in
1934, however, was not further developed
by the Signal Corps Laboratories at that
time. Its range was limited, and (this was
the key difficulty, not to be solved until

51 Ist Ind, Dir SCL to CSigQO, 14 Jan 31, on Litr,
CSigO to Dir SCL, 8 Jan 31, sub: Aircraft detection
by reflected radio waves. SigC 413.44 Detector against
Aircraft (Heat or Radio) 12-F.

52 U.S. 1981884, System for Detecting Objects by
Radio, issued 27 Nov 34, filed 13 Jun 33.

53 Interv, SigC Hist Sec with Dr. S. H. Anderson, 20
Nov 44.

54 (1) Interv, SigC Hist Sec, with Col James D.
O’Connell, CO SCEL, 14 Apr 47, Belmar, N.J. (2)
Ltr, Pres SigC Bd to CSigO, 22 Nov 39, sub: Demon-
stration of SCR-270-T1, Incl 1, draft speech. SigC
CE 334, Case 312, Folder 1.
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the fortuitous appearance of the cavity
magnetron) the power of the tubes was
low. Moreover, the Laboratories’ ac-
quaintance with the Navy’s work only
confirmed the impression that, however
well it might do for that service, the dif-
ferent attributes of coastal defense gunfire
made another approach necessary. Writ-
ing in his annual report for the fiscal year
1934, Blair observed that the new attempt
might involve “projecting an interrupted
sequence of trains of oscillations against
the target and attempting to detect the
echoes during the interstices between the
projections.” ** This was the principle of
pulse radar.

In making such a suggestion, Signal
Corps science took a notable step. The
suggestion did not immediately alter the
program, for further development and re-
peated testing continued with the equip-
ment which was already in existence; and
in any case there was the normal lag be-
tween a proposal and the time when it
takes effect. Nonetheless, Blair’s remark
opened to the Laboratories the possibility
that light location, sound location, heat
location, and radio interference might all
retreat before a new method which pro-
jected pulses of electromagnetic energy
into space and noted the exact time, in
millionths of a second, required for them
to bounce back from any obstacle in their
range.

Radar was not yet named. Its develop-
ment in military, naval, commercial, and
foreign laboratories was then commenc-
ing, a world-wide secret of which no one
possessed more than a fraction and which
none shared with another. From place to
place and time to time until publicity and
usage standardized the term, it went by
such designations as the British radiolocation
and RDF (radio direction finding), or was
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described as RPF (radio position finding),
microwave, and pulse-and-echo. In preserving
its nature from the public, the Signal
Corps referred to it merely as radio—as
SCR’s. U.S. Navy nomenclature resulted
in the word radar: ra for radio, d for detection
or direction finding and r for range.*® But in
1934 that name was not known.

The preliminary hints were.*” As early
as 1900 Nikola Tesla had called attention
to the phenomenon of electromagnetic
wave reflection and had predicted that
“we may determine the relative position
or course of a moving object, such as a
vessel at sea, the distance traversed by the
same, or its speed.” In 1904 a German,
Christian Huelsmeyer, took out patents in
both Germany and Great Britain for “a
method of detecting and recording distant
metallic objects (ships, railway trains, etc.)
by means of electromagnetic rays.”
Although the patent application showed
a drawing of “‘a steamship carrying this
equipment, sighting an unidentified vessel
by wireless,” Huelsmeyer’s idea was totally
neglected for thirty years; then German,
French, British, American, and other
radar began to evolve all at once.”®
Marconi had tentatively pointed out the
use of short waves for detection in 1922.
Observing that short waves had been neg-
lected in radio science since its early days
a quarter of a century before, and taking
note of the fact that Hertz had shown that
metals can reflect electric waves, Marconi

% Dir SCL, Annual Rpt to GSigO, 1934, Annex.

% Ltr, Rear Adm J. A. Furer, Co-ordinate R&D,
Navy Dept, to CSigO, 31 Jan 42, sub: Definition of
radar. S8igC SPSTC 5 Misc.

%7 The antecedents and infancy of radar make a
story told in many sources. See the
Note.

%8 (1) Nikola Tesla, “The Problem of Increasing
Human Energy,” Century Magazine, LX (June, 1900),
208. (2) L. Brandt, “German Radio-location in Re-
trospect,” Interavia, V (1950), English version, 315.
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prophesied a development which would
automatically warn vessels in fog or dark-
ness of the presence and bearing of other
ships.>® Also in 1922, at the Naval Re-
search Laboratory, Taylor and Young had
noticed that a Potomac river boat, passing
between a radio transmitter and a re-
ceiver, had reflected the transmitted
waves. The British scientists, E. V. Apple-
ton and M. A. F. Barrett, had obtained
ionospheric reflections in 1924 and 1925.
Dr. Gregory Breit and Dr. Merle A. Tuve
had demonstrated the principle itself dur-
ing the course of measurements of the
ionosphere taken for the Carnegie Institu-
tion in 1925.

But so soon as the startling military
value of radio reflection had become evi-
dent, secrecy tightened. When govern-
ments realized that it was a national
instrument of the first magnitude in a
world deteriorating into warfare, there
was no longer any possibility of exchang-
ing information on it through the periodi-
cals, offices, and market places of scientific
research. The secret was to be protected at
every point of contact—against possible
enemies, against possible allies, against
commercial enterprises, particularly those
with extranational interests, and even
against other services of the inner defense
force of the nation. Yet despite all efforts
of Germany, Japan, France, Britain, and
the United States to cloak and obscure
from one another the urgent sense which
each one had of being on the verge of a
new weapon which none other possessed,
from country to country radar developed
in many of the same ways, faced many of
the same problems, reached many of the
same comprormises.®

In 1934 the Germans had obtained
radio reflections at a distance of 20 meters
from the hull of a decommissioned battle-
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ship in Luebeck Bay, then at a distance of
2,000 meters from another target ship at
Schilkee. The Reich Navy permitted these
experiments to fall into some neglect, from
which Reichsmarschall Hermann Goering
summarily rescued them for his Luftwaffe,
although in a different form which by-
passed microwave work.’* Starting out
with radio interference in January 1935,
British scientists shifted to the pulse
method in May and by the middle of June
had tracked an airplane to seventeen
miles. Between 1935 and 1939, their CH
stations (that is, the chain of radars at
home) took shape in the high-frequency
area, the wavelength being 11-13 meters.
As the nations lined up for war, Robert
Watson-Watt and his colleagues suc-
ceeded in stringing a chain of figuratively
invisible radio-direction-finding towers
along the Channel and North Sea coasts
of Britain. They were not invisible to Ger-
many, but presumably the Reich dis-
counted them. Goering’s boast that no
enemy aircraft could ever get through to
Berlin was not so incredibly presumptuous
as it sounded; for at the time he made it
Germany was developing both of the basic
types of radar. When, in 1939, the time
seemed ripe for a war, early warning appa-

% Guglielmo Marconi, “Radio Telegraphy” (ad-
dress presented June 20, 1922, New York), Proceedings
of the Institute of Radio Engineers, X (1922), 215-38. It
is interesting to see that an abstract made of Marconi’s
speech and published at the end of its printed form
missed his point and thus stands as evidence of the
way in which the principle of radar was generally
overlooked, although at hand.

6% Thus, for example, the Germans attempted to get
sharpness of definition for their Freya by means of a
thermal unit, just as the Americans did with their
SCR-268. A. E. Hoffman-Heyden, “German Radio-
location in Retrospect, (II) The Anti-Aircraft Artil-
lery’s Radar Equipment,” Interavia, VI (1951), 623.

61 Curt Bley, Geheimnis Radar: Eine Geschichte der
Woissenschafilichen Kriegfuehring (Hamburg: Rowabhlt,
1949), passim.
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ratus, the Freya, scanned the approaches
to German defenses from about a hundred
stations; and the gun layer, the Wuerz-
burg, was ready to go onto the production
lines. After 1943, Allied aviation over
Germany suffered more from antiaircraft
fire laid by Wuerzburgs than from
anything else.®”

In 1937 France’s 15-centimeter Nor-
mandie “ear-radar” gave way to a beat
system developed by Pierre David, tested
in great secrecy at Metz for military engi-
neers and antiaircraft experts, tried out at
aerial maneuvers near Reims in 1938,
and established at scattered points along
all three coasts by 1939. In Japan the
pioneer University of Osaka professors,
Kinjiro Okabe and Hidetsugu Yagi,
worked from 1936 on, but with Doppler
apparatus, without an oscilloscope (they
used continuous wave) and without the
confidence of either their Army or Navy.
In the United States, where the length of
the coast line made unsuitable any fixed
chain of warning radars such as the Brit-
ish had, and where consequently the effort
was toward mobile defense positions,
secrecy was equally shrouding. It steadily
moved Army and Navy detection research
farther apart. Although there were occa-
sional contacts, neither knew exactly what
the other was doing, and each duplicated
some of the brainwork, the tests, the plans
and mistakes of the other. The Signal
Corps Laboratories were better acquainted
with what was being done at the National
Bureau of Standards and in the commer-
cial laboratories: Bell, General Electric,
Radio Corporation of America, and West-
inghouse.

Blair, as director of the Laboratories,
and Colton, heading the Research and
Engineering Division in the Office of the
Chief Signal Officer, had a heavy respon-
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sibility to back the right horse. They kept
the one-way thermal detection project
high on the list; and sound detectors,
which were all that the public knew of the
development of aircraft warning instru-
ments, received their due in attention to
improved models. In the microwave sub-
project, Hershberger’s tests went forward
with a succession of tubes then available.
Again and again, their inability to gener-
ate a strong signal thwarted progress.
Acknowledging disappointment in the
Signal Corps gear so far, Blair still reiter-
ated his interest in radio-wave detection
in his 1935 report. “With improvements
in the radiated power of [the] transmitter
and sensitivity of the receiver,” he noted,
“this method of position finding may well
reach a stage of usefulness.” ° Late in the
year, and at the urging of Colton, Hersh-
berger prepared a memorandum which
summarized the advantages of the pulse
method. A visit the next month (January
1936) to the Naval Research Laboratory
for a demonstration of the Taylor- Young-
Hyland beat equipment confirmed Hersh-
berger in the same objections which he
and Blair had made before: that it pro-
vided no discrimination of the target. The
Navy engineers were also, he learned,
working on pulse equipment, with a
10-microsecond signal and with the trans-
mitter and receiver close together.
Although Navy and Army research was
parallel, there was a noteworthy differ-
ence. The Navy laboratory was set up as a
research laboratory, specified and sup-
ported by Congress in the name of re-
search. It could range farther within the
52 Radio Research Lab, Harvard University {O. G.
Villard, Jr.?], Flak Radar Countermeasures in the
European Theater of Operations—A Review and
Evaluation of Their Use by the 8th Air Force, Sep 45.

SigC 413.44 RCM Gen 3 ET 2757.
82 Dir SCL, Suppl Rpt to CSigO, 1935, Proj 88-G.
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imaginations of the scientists conducting
it than Signal Corps efforts were allowed
to do. Experimentation at Fort Monmouth
had to be directed toward an immediate
application, toward developing a specific
and practical piece of equipment. For
large research, the continuing policy was
always to turn to commercial concerns
and to get it done by contract. Much of
the early work on Army radar constituted
an exception to this normal procedure.**
During 1936, Lt. Col. Roger B. Colton,
Maj. John H. Gardner, Jr., of Colton’s
office, and Lt. Col. Louis B. Bender,
Colton’s successor as officer in charge of
the Research and Development Division,
were to visit the principal companies to
see what they had and whether they could
take over the Signal Corps work. The
companies were pessimistic about the pos-
sibilities of the work, and the decision was
accordingly to continue it in the Signal
Corps Laboratories.*® This was a forth-
coming arrangement, and was concerned
only with getting the work done. First, the
direction it would take had to be decided.
Early 1936 determined this matter.

Just at that time a deterrent befell
thermal research and development which
was not to be overlooked. Both the Signal
Corps and the Corps of Engineers models
of thermal equipment were declared in-
adequate for detecting aircraft.®® The
method was acceptable for detecting ships.
The Coast Artillery Corps, which was the
using arm for the thermolocator that the
Signal Corps had developed, wished to be
sure of warning of the approach of vessels
to the nation’s harbors and coast defenses,
and for that reason the Signal Corps
equipment and projects remained in force.
But warning of enemy bombardment
planes? That was a different matter. The
Corps of Engineers, withdrawing from
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thermal detection, sought to turn to radio-
wave projects, and the Ordnance Depart-
ment once again came forward to put ina
claim of its own. In this area, though, the
line of demarcation was sharp. Radio, as
Maj. Gen. James B. Allison, the Chief
Signal Officer just then, reminded every-
one, has but asingle medium for transmis-
sion. “For this reason it is a cardinal prin-
ciple that every endeavor must be made to
centralize control of radio matters in a
single agency wherever practicable.” *
Moreover, Signal Corps radio-wave work
was just about to come into its own. Alli-
son won his point. Not only was his
responsibility for thermal detectors sanc-
tioned, but he was charged with responsi-
bility for radiolocation development as
well.

The victory was clouded, for he was
given no funds, although he asked for less
than a single SCR-268 cost after Pearl
Harbor. Taking up the Colton-Hersh-
berger memorandum which urged the
pulse method, Blair had forwarded it to
Allison’s office. In the general field of
radio methods of detection, Blair had
noted the Navy was “far in advance of

. any other known agency.”*® He
indicated regret that radio-detection work
was only a subproject of thermal-detection

8¢ Davis hist cited n. 44, rev. Ch. V, p. 21.

85 Litrs, CSigO to TAG, 23 Oct and 6 Nov 36, sub:
Airplane detection devices. SigC 311.6.

86 Coast Artillery Bd Proceedings, Ft. Monroe, Va.,
Proj 1060, Thermal Direction Locators (Heat Detec-
tors), 17 Mar 36.

87 14th Ind, CSigO to TAG, 12 Dec 35, on Memo,
Chief of CAC for CSigO, 4 Jun 34, sub: Development
of heat detection device. SigC 311.6 (6-4-34).

¢ Ltr, Dir SCL to CSigQ, 12 Feb 36, sub: Radio-
optical position finding of aircraft, with Memo, Hersh-
berger for Dir SCL, 27 Jan 36, sub: Detection of air-
craft by radio-optical methods. SigC 413.44. The
Navy was working on a‘set which would give protec-
tion for fifteen miles through fog and other disturb-
ances.
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work at the Signal Corps Laboratories,
and asked for the money to give it full
standing. Allison accordingly sought the
funds. The Chief of Coast Artillery, vigor-
ously supporting him, held that “the Army
has before it today no more important
development project than that of finding
positive means for the detection of air-
craft”’; but Army feeling was rather gen-
eral that whatever funds could be obtained
should be applied to known commitments,
not to uncertainties. The War Department
conceded the importance of the project,
but could only rule that the money “must
be provided by the curtailment [within
the Signal Corps] of other less pressing
developments.” *® This meant taking it out
of moneys already allotted to something
else.

The other developments under way at
that time in the Laboratories included
many items which were to become impor-
tant in the tactical signal communications
of World War II, among them the first
Field Artillery and Infantry walkie-talkies,
the vehicular radio sets SCR-193 and
SCR-245, a shielding system for suppress-
ing radio interference in tanks, the sound-
powered telephone, the throat micro-
phone, and improved field phones, field
wire, assault wire, and loading coils.” The
top priority given to radiolocation would
affect them all, and although the opening
of the new Squier Laboratory building
had improved conditions at Fort Mon-
mouth, there was still only a small staff.

But devoted to their work, as they had
need to be, the Fort Monmouth engineers
had been accomplishing much with little.
On 15 May 1936, with the moneyless per-
mission of the War Department, pulse-
echo detection became a high-priority job.
Using a design which Hershberger had
entered in his notebook in February, the
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Laboratories commenced construction of
the first Signal Corps pulse equipment.
The microwave equipment had not been
able to surmount the difficulty of inade-
quate strength in the transmitter and re-
ceiver, and had been abandoned in favor
of very high frequencies.”* By the end of
June, the engineers had built a “bread-
board model” of a portable, 75-watt, pulse
transmitter.”® Colton joined them as exec-
utive officer in August, and Capt. Rex
V. D. Corput, Jr., was assigned as officer
in charge of the Radio Section. In Wash-
ington the Chief Signal Officer was asking
for a reconsideration of his plea for special
funds. Hershberger left in October and a
few months later joined Dr. Wolff at the
RCA Laboratories in working with 9- and
10-centimeter waves generated by a mag-
netron and echoing from objects a mile
and a half away. Wolff demonstrated the
equipment in Camden to both Army and
Navy officers.”®

The request for outside funds was once
more denied. The work would have to be
supported at the expense of other projects.
Allison took the necessary step and di-
verted $75,741 of fiscal year 1937 money.™
The sum became available in November.

99 Ltr, Chief of CAC to ACofS G-4, 24 Sep 36, sub:
Airplane detection device, and 1st Ind, TAG to
CSigO. SigC 413.44.
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Many more engineers were now occupied
with the task. Whereas it had been full-
time work for one man, it became at least
half-time for more than fifteen. Colonel
Blair moved everything, including the
beat-detection work, into the Radio Sec-
tion, and Paul Watson, its civilian chief,
became director of the project. The day
for the first test approached rapidly. A
receiver was added, and the transmitter’s
frequency changed from 133 megacycles
to 110. On 14 December 1936 the men
loaded the transmitter into one truck, the
receiver into another, and set out for a site
near Princeton, where the traffic to and
from the Newark airport provided many
targets. There they saw the device record
the echoes of the pulses which they were
directing into the flight path. Crude and
experimental as it was, it was radar. The
transmitter and receiver were a mile
apart, and the equipment tracked the air-
plane for only seven miles, but it wasradar
at last,

The Naval Research Laboratory was
now quite reticent, although soon to dis-
close its experiments to the Bell and RCA
Laboratories. For the past year its confi-
dential progress reports had become secret
and therefore inaccessible. The reason for
such security was of course that the Navy’s
pulse experimentation, parallel to the
Army’s, but in advance of it and assured
of financial support, had suddenly shown
the dramatic promise which characterized
it wherever scientists were investigating it.
The Naval Research Laboratory had been
able to demonstrate the method to Ad-
miral Arthur J. Hepburn, Commander in
Chief of the U.S. Fleet, that fall. In Febru-
ary, Charles Edison, Assistant Secretary of
the Navy, in company with Admiral Wil-
liam D. Leahy, saw another demonstra-
tion. The Signal Corps considered renewed
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consultation, but the December tests de-
cided against that step. Through the
following period, nonetheless, naval avi-
ation lent its co-operation, in concert with
that of the GHQ Air Force, to the testing
of the Signal Corps equipment. The two
air services provided blimps and airplanes
to be detected, over and over, while the
Laboratories crews tinkered with it.

Everything came to a head in the fol-
lowing spring. May 1937 is a turning
point in Army technical history. What
later became the SCR-268, first U.S.
Army radar, was shown then to a number
of important persons with such effect that
it became one of the top military secrets of
the nation. It was a short-range radioloca-
tor for controlling searchlights. The imme-
diate purpose in constructing it had been
to locate airplanes at night, in range, ele-
vation, and azimuth (distance, height,
and direction), accurately enough so that
a Coast Artillery battery’s searchlight
would instantly pinpoint the plane when
the apparatus turned the light on. Given
this purpose, the Signal Corps apparatus
came into being with a quality which no
other system possessed. It was mobile. By
contrast, the British equipment, meeting a
different function, had taken shape as an
immobile series of high towers.

During their first trials of the device,
the Radio Section men had built two
models, one of 110 megacycles and the
other of 240, the latter in an effort to
reduce the cumbersome amount of an-
tenna that was necessary.”” These were
very high frequencies, but not, of course,
microwave frequencies. Only when the
more powerful transmitter tubes came
into being would radiolocation become
microwave radar and the marvelous ad-
vantage of compactness be achieved. At

75 Davis hist cited n. 44, p. 48.
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these lower frequencies, the equipment
made its test appearance. The 110-mega-
cycle apparatus employed a heat detector,
because the specifications still required it.
The Laboratories men had improved the
thermotheodolite during the year just past
by mounting six thermopiles in a 60-inch
searchlight reflector; so they used it as an
intermediary, to focus and specify for the
searchlight the information which the
radiolocator had picked up. A much more
significant feature was the directional an-
tenna array, which consisted of a number
of rods arranged so that the radio waves
would be canceled in the directions which
were not being searched, strengthened in
those which were. In order to swing and
tilt them in a broad scanning of the sky,
the engineers mounted them on the chassis
of sound locators from which they had
stripped away the listening horns. Sound
detection of aircraft became archaic in the
American Army at that moment.

On 18 and 19 May 1937 General Alli-
son, Maj. Gen. Archibald H. Sunderland,
who was the Chief of Coast Artillery, and
Brig. Gen. Henry H. Arnold, at that time
the Assistant Chief of the Air Corps,
watched the future SCR-268 show what it
could do. A week later the demonstration
was repeated for Secretary of War Harry
A. Woodring, several senators and repre-
sentatives from the Congressional Com-
mittees on Military Affairs, and Maj. Gen.
Oscar Westover, Chief of the Air Corps.
On the first occasion the weather was so
bad that the heat locator was of no value
at all; the radiolocator found the airplane
in four out of seven passes. At the May 26
demonstration the weather was better and
the score was excellent.

Even the most extraordinary technical
advance looks crude from the point of
view of its later stages of improvement,
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and the performance of May 1937 at Fort
Monmouth would have been completely
inadequate for the war which was on its
way, but this was four and a half years
ahead of the Pearl Harbor crisis. If luck,
engineering skill, and appropriations held,
the device might be ready by the time the
yet undesignated enemy attacked. At its
debut, its potential importance was plain
to be seen. Secretary Woodring declared
that “all the members of the [inspecting]
party were a unit in praising the remark-
ably satisfactory result attained.” ™

The Laboratories men themselves were
more critical. They saw that the equip-
ment would have to give a continuous
tracking rather than a point-by-point
report, that it could not be brought to
bear against low-flying airplanes, and—a
nearly insuperable problem—that it could
be jammed. Moreover, this was a Coast
Artillery set, a set designed to point search-
lights and then antiaircraft guns at an
approaching airplane; but an enemy
bomber would be only five minutes away
by the time the locator detected it. This
was not enough time to get interceptors up
into the air to meet the hostile craft. What
the Air Corps wanted, and immediately
requested, was a detector with longer
range. The military characteristics formu-
lated for an Air Corps set, upon Signal
Corps recommendation, required it to be
capable of an early warning range of 120
miles.”” In this undertaking was the incep-
tion of the SCR-270 and the SCR-271.
One mobile, the other fixed, they were the
early-warning companions to the gun-
laying SCR-268. The Army entered the

™ Ltr, SW to C8igO, 2 Jun 37. SigC 413.44 Detec-
tor 12-F, Folder 3.

77 SigC Technical Committee Case 151, 12 Jul 37.
SigC Hist Sec File.
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war with these three radars and continued
them in use throughout the conflict.

Administrative Signaling

The development of radar in the Signal
Corps came about as part of the Signal
Corps’ responsibility to tactical communi-
cations. The SCR-268 was in the broadest
sense a piece of communications equip-
ment, informing a coastal gun position of
the nearness of an airplane. It was a part
of the tactical signaling which engaged
Signal Corps efforts in all of the arms of
the service—in the Infantry, Cavalry,
Field Artillery, and Air Corps, as well as
in the Coast Artillery for which it had
been devised. Administrative signaling
was quite another thing. The Army as an
army wanted tactical communications
equipment: mobile, individual, secure.
The Army as an agency of government, a
complex apparatus of thousands of persons
many of whom had no tactical duties at
all, wanted administrative communica-
tions: fixed, interrelated, continent-span-
ning, day-in-day-out channels of business.
In peacetime years and, as the global scale
of the oncoming conflict determined, in
war as well, this was the most important
single function of the Corps. It was the one
field of military communications where
the Signal Corps authority was supreme,
both in tradition and prospect.

The Signal Corps itself did not wholly
realize the fact that in a considerable way
it was becoming a communications indus-
try right within the Military Establish-
ment. Elsewhere in the Army, many other
persons had been slow to catch up to the
change which the 1921 reorganization had
overtaken and confirmed. Some held the
view that a peacetime Signal Corps was a
luxury. Had not its wartime mission been
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allotted to each of the other arms? And
surely there was “nothing about telegraph,
telephone or radio that requires special
training in time of peace. . . .”"® Maj.
Gen. Johnson Hagood, whose opinion in
the 1920’s this was, acknowledged that in
past performance the Signal Corps had
been “wonderful,” but felt that the time
had come to dissolve it. Others, citing the
nonmilitary Washington-Alaska Military
Cable and Telegraph System, agreed that
the function of Army communications was
wholly tactical, and that since that func-
tion had been dispersed the Signal Corps
was left with nothing to do. Even in the
War Department, some were unaware of
the Corps’ record of practical service. Sec-
retary of War John W. Weeks, for example,
did not know (nor had any particular
reason to know) that his message center
was paralleled by one in the Office of the
Chief Signal Officer in another part of the
Munitions Building; the duplication was
revealed when General Squier sent up for
permission to hire a messenger boy.”
Encouraged to do so by Congress and
American business, the Army was in the
habit of thinking of fixed communications
systems as private enterprise. The Army
could rent or lease them in time of war,
but otherwise they belonged outside the
government. In the Civil War, Western
Union had declared this point of view. In
the 1870°s and ’80’s, the wire strung
through hostile Indian country had never
been considered the Signal Corps’ merely
because Signal Corpsmen had put it up.
The Washington-Alaska Military Cable
and Telegraph System had monopolized

® Maj. Gen. Johnson Hagood, The Services of Supply
(Boston and New York: Houghton Mifflin Company,
1927), p. 379.

¢ Ltr, CSigO to SW, 28 Oct 20, and Ist Ind, 1 Nov
20. SigC 311.2 WD Msg Ctr 1, 1920-29.
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Alaska communications on terms mutu-
ally convenient to the government and to
commercial fishing, lumber, mining, and
shipping interests. To resist a British state-
subsidized combine which gave evidence
of controlling long-range communications,
President Wilson had encouraged General
Electric, American Telephone and Tele-
graph, Western Electric, Westinghouse,
and United Fruit to form the Radio Cor-
poration of America, a private combine.?
All of these instances demonstrated the
established custom. In reducing the Mili-
tary Establishment and other govern-
mental agencies after World War I, Con-
gress required them to go to private com-
merce, industry, and banking—the Signal
Corps, for example, being kept dependent
upon the communications industry.

Yet whether in private or public form,
communications services were as necessary
to Army administration as to that of any
civilian department of the government. It
was inevitable that they would be essential
to the daily routine, and a matter for con-
solidated, specific assignment. The advent
of radio, heralding big, swift communica-
tions, and its addition to the cable, tele-
graph, and telephone already in existence
made technical message sending too com-
plex to assign to any but a technical serv-
ice. In fact, the first move toward it came
concurrently with the 1921 reorganization
of the Army. In Plan White, one of the
“color” series of war plans, the General
Staff proposed a network of Army radio
stations, operated exclusively by military
men and connecting the staff with all
corps area headquarters except the First,
and with certain key cities. The intention
was to provide the Army with both alter-
nate and auxiliary means of communica-
tion in case internal strife or national
disaster broke or interrupted the commer-
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cial facilities upon which it depended.®
The War Department Radio Net thus
came into being. A control station in
Washington was designated WVA and
manned by the 17th Service Company.**
The original equipment was a 1Y2-kilowatt
transmitter mounted on a 1%-ton truck at
the Army War College two miles away;
the station crew operated it by remote
control.®® With the subsequent use of
additional transmitters at the Arlington
naval radio installation, the net expanded
until a five-station linking was carrying
about fifty messages a day. Measured in
terms of original sent traffic, it totaled
3,868,362 words the first fiscal year.?*
This was the first element of an Army
radio system which was to grow steadily,
span the world, and comprise both tactical
and administrative networks. The tactical
networks would include the Air Alert Net,
both fixed and mobile, for air defense; the
Coast Artillery, for harbor defense fire

8 Maj. Gen. George S. Gibbs, “The Influence of
the Control of International Communications on the
Conduct of War,” Signal Corps Bulletin, No. 35
(July-August 1930), p. 7. This article appeared again
in 1933 (Signal Corps Bulletin, No. 70, January-Feb-
ruary, 1933, pp. 2-18) under Maj. Gen. Irving J.
Carr’s name.

A detailed story of the beginnings of the Radio
Corporation of America is to be found in Chapters 9-
12 of Gleason L. Archer’s History of Radio to 1926 (New
York: The American Historical Company, Inc.,
1938). A second volume Big Business and Radio (New
York: The American Historical Company, Inc.,
1939), brings the account of the radio industry up to
World War I1.

8t Ltr, TAG to CSigO, 12 Mar 21, sub: App. 10
coms War Plans White. AG 381 Misc Div.

82 Redesignated the 17th Signal Service Company
per War Department General Order 5, 23 March
1925.

3 Interv, SigC Hist Sec with Charles Murray, ACS
Div, OCSigQO, 7 Sep 45.

8 Ten years later, in 1933, it was 26,500,058, and
vet another ten years after that, 216,145,629 words,
enough to send the complete text of War and Peace
every day in the year and twice on Sundays.
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control; and others as need arose—in ma-
neuvers, for instance. The administrative
would include, first of all, the War Depart-
ment Radio Net of fixed stations located
in Washington and at the headquarters
of each corps area and department; next,
and in logical extension from this control
net, individual ones for each corps area
and department to connect its headquar-
ters with garrisons and posts in its terri-
tory; third, the Army transport net, link-
ing the vessels with each other and with
shore stations; and ultimately, the net-
work of the Army Amateur Radio System.
Thus the military radio system would
become an integral part of the command
communications system, extending from
general headquarters through the chain
of command to the smallest unit in the
field, and an integral part also of the
administrative system. Its name in World
War II, when it reached maturity, fused
these functions, and it became known as
the Army Command and Administrative
Network.

While a radio net was thus being
formed, the War Department’s telegraph
business was originating in two places: in
the Office of the Secretary of War and in
that of the Chief Signal Officer. The dis-
covery of this obvious duplication, to-
gether with the example of yet another
duplication in the fact that the Navy had
a communications center of its own, led
Secretary Weeks to propose a merger.*
Both General Squier and the Navy de-
murred, but the Army wire and radio
centers did combine to produce a War
Department Message Center. This was the
second principal step in systematizing
Army administrative communications.
WVA and the two telegraph offices merged
in order to handle all of the military com-
munications traffic—collecting, receiving,
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sending, and distributing—in Washing-
ton. Whether accomplished by radio,
cable, or telegraph, the traffic came
through the Message Center and was
assigned to the supervision of the Signal
Corps. The War Department Message
Center opened on 1 March 1923. Set up
as a field agency despite the fact that it
was not “in the field” but in the Munitions
Building, it became by tacit working
agreement in the Signal Corps a section of
the Plant and Traffic Division next door.5¢

A third government message center was
to have been run by the Post Office De-
partment, but the Army and Navy joined
forces to quash it while still not uniting
their own.?” Nevertheless, the War De-
partment Message Center had immedi-
ately invited other agencies of the govern-
ment to use the War Department Radio
Net,*® and commencing with the Veterans
Bureau, the Departments of Justice and
Agriculture, and the Bureau of Internal
Revenue, they did so, to such an extent
that by the end of the 1920’s War Depart-
ment radio was handling dispatches,
which would once have gone by commer-
cial telegraph, for more than fifty agencies
of the government.*

The War Department Message Center
rapidly became the vital organ of the Sig-
nal Corps. It represented to Washington
a palpable reason for the Corps’ being.
Despite the recurring problem of getting
enough men and equipment, successive
chief signal officers guarded control over

85 Oakes study cited n. 4(2), p. 9.

% Memo, Capt Carter W. Clarke, O/C WD Msg
Citr, for Exec Officer OCSigO, 29 Sep 38. SigC 320.22
17th Sig Co.

87 Oakes study cited n. 4(2), pp. 9-10.

8 Litr, Actg Chief Coordinator WD to SW, 6 Apr
23. SigC 676.3 Gen 2, 1922-23.

89 Historical Sketch of the Signal Corps (1860-1941), p.
107
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it against any attempt to modify or dilute
it.*In 1925 General Saltzman lost author-
ity over the 17th Signal Service Company,
but regained it at the end of the year. In
1926 amendments to the National Defense
Act, which had cut the Signal Corps
strength to 2,165, curtailed the hours of
operation at Station WVA. The War De-
partment Radio Net had been slowly
increasing in importance, but now had to
forego any thought of matching the Navy
Department’s twenty-four-hour schedule.
The loss of operating hours was regret-
table because one reason for establishing
the net had been to give experience to
soldiers who were taking communications
training. To select the appropriate means
for transmitting a message demanded a
thorough knowledge of the channels of
communication available at the Message
Center; a good man had to know what
burden he could put upon any of the sev-
eral means without congesting them and
the degree of security which each afforded.
Moreover, communications apparatus
changed rapidly.

Medium-frequency, high-power trans-
mitters like the SCR-140 replaced the
original continuous-wave sets and then
gave way to high-frequency, low-power
equipment. The use of these followed a
trend established by amateur operators
and the Navy. The first equipment of the
sort in the War Department Radio Net
consisted of eleven crystal-controlled sets
built in the Signal Corps Laboratories
from Navy specifications and installed in
1926. They were temperamental, and
Capt. Guy Hill was the only man then
stationed in Washington who could mas-
ter their whims, but they outdated the old
high-power, long-wave transmitters.

By the time when, on 30 November
1928, WVA changed its call letters to the
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neatly appropriate WAR, the control sta-
tion was using transmitters not only at
Arlington but also at Bolling Field, Wash-
ington Barracks, and Annapolis. Nine
Coast Guard transmitters—1 kilowatt,
high-frequency—improved the network’s
sending, and in the following year the
establishment of 10-kilowatt amplifiers in
San Francisco eliminated the last relay
points between the east and west coasts.
Washington, San Antonio, San Francisco,
Panama, Hawaii, and Manila now all had
10-kilowatt transmitters. WAR was taking
care of one sixth of the Signal Corps’ radio
business, and the radio service was becom-
ing the equal of the telegraph. Without
counting the stations of the Alaska system,
there were 154 in the Army system.®*

Like anything else, the repeated urge
for modernization in the Message Center
and Radio Net was offset by handicaps.
Everything had to be wrung from meager
appropriations but that was the usual
story. More to the point in the late 1920’s
was the fact that the Navy’s insistence
limited the Army to an antenna power of
10 kilowatts; and this turned out to be a
disguised blessing.”* Being barred from
greater antenna power, the Signal Corps
turned to greater antenna refinement,

9 (1) Memo, CSigO for ACofS G-1, 17 Oct 23, sub:
AR 105-25 SigC tg, cable, and radio msg sv. SigC
311.2 WD Msg Ctr 1. (2) Ltr, Exec Officer OCSigO
to All Corps Area and Dept Sig Officers, 6 Jan 36,
sub: Msg ctr, and Ind, Col Walter E. Prosser, Sig Of-
ficer Eighth Corps Area, to Col Dawson Olmstead, 30
Jan 36. SigC WD Msg Ctr 2.

91 CSigO, Annual Report, 1929. There were 16 in the
War Department net, 46 in the corps area and depart-
ment individual nets, 28 in the Air Corps net, 21 for
harbor defense, 15 for Army transports and other
Quartermaster vessels, and 28 for mine planters and
other Coast Artillery vessels.

92 Joint Army-Navy Committee on Army-Navy
Coms, Communication Procedure, Ch. II, 22 Aug 21,
superseded by Ch. VI, Sec. B, 16 Aug 28. SigC 311.23
Joint Bd Serials.
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with the result that it succeeded in beam-
ing the signal, for the first time in govern-
ment radio. Beaming, or directing the sig-
nal precisely to the point of reception,
made maximum use of the allowable
power, whereas broadcasting had wasted
it. WVA thus got continuous, high-fre-
quency channels of a range long enough
to reach across the continent and over-
seas.” Other improvements took place.
The first transmitting station to be built
by the Army was set up at Fort Myer and
went on the air on 20 March 1930. After
January 1931 a site at Battery Cove, near
Alexandria, Virginia, became a remote re-
ceiving station.® Up to that time, noise in-
side and outside the Munitions Building
had often made radio reception so trying
that message traffic would pile up all
through the day, to be taken care of only
when the relative peace of night had ar-
rived. The Message Center was simulta-
neously allowed to make itself over. The
Navy communications center had already
done so, and some improved equipment
from Navy yard shops aided the conver-
sion. Wire teletype had begun to come in,
as a matter of universal preference and in
imitation of commercial practice. This
equipment and all of the cable and tele-
graph facilities were rehabilitated. In
radio the administrative net attained to
twelve high-frequency positions and two
medium-frequency positions which could
all be monitored from a single control
point, and WAR had achieved a twenty-
four-hour schedule with other stations in
the net, although not yet with full sched-
ules in the incoming direction.

Special unemployed legislation made it
possible to use fiscal year 1932 funds
before the expiration of the 1931 year in
order to begin replacing some telephone
equipment which was older than World
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War 1. The legislative gesture was much
too feeble, and the replacements had to be
made over a period of fifteen months and
from place to place throughout the Army
telephone system; yet, complete at some-
thing less than would be an impressive
total in World War II, they were welcome
as being one more little toward an ulti-
mate much.?”

It was more difficult to keep trained
men in the Message Center, when civilian
communications offered less regimenta-
tion and better wages, than in any other
part of the Signal Corps. In 1928-29, for
example, just before the business index
plunged, 40 percent of the operators on
hand at the beginning of the twelve-
month period were lost to the Signal
Corps when it ended, and had been re-
placed by tyros. One of the more disturb-
ing aspects of such a situation was that
there was no way of meeting emergencies
and an Army which is not equipped with
an infallible manual of witchcraft in order
to meet a situation which nobody expects
is no Army at all.

With a sidelong look at the Navy,
which was walking along the same route,
the Signal Corps moved toward closer
relations with civilian radio hams. The
amateurs were making radio the province
of every enthusiast in the nation. “Their
highest ambition is to reach halfway

93 1st Lt. Wesley T. Guest, ‘“Rehabilitation of the
Army Radio Net,” Signal Corps Bulletin, No. 66
(May-June 1932), pp. 32-35.

4 (1) Memo, Capt Frank E. Stoner for Gen Gibbs,
29 Dec 30; (2) 3d Ind, TAG to CSigO, 26 Jan 31, on
Ltr, OCSigO to TAG through QMG, 8 Jan 31, sub:
Temporary location of remote radio receiving station.
SigC 676.3 Battery Cove 1, 1930-39.

% Twenty-two new switchboards (51 positions), 2
automatic systems (2,000 lines), 26 underground con-
duits, 33 underground cables (buried wire), 13 aerial
cables (wire pole lines), 7 lines for target ranges, 6 for

fire-control positions, and 8 miscellaneous projects.
CSigO, Annual Report, 1932, p. 19.
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TRANSMITTERS AT STATION WAR are being inspected by David Sarnoff of RCA

(left) and Capt. Frank E. Stoner.

round the world . . . with a 10-watt set,”
Maj. Gen. George S. Gibbs commented in
an early broadcast, and went on to praise
them for many advances.?® Short of con-
trolling a large organization all under
military regulation, a circumstance the
Signal Corps could not possibly hope for,
a ready-made civilian auxiliary was the
best bulwark possible. With the hams, the
Signal Corps developed the co-operative
program known as the Army Amateur
Radio System.

Springing from the recollection of the
work of civilian radio operators in World
War I, the relationship had begun in 1925
with a visit which Lt. Col. Frank J. Griffin
and Capt. Tom C. Rives had paid to the
headquarters of the American Radio Re-

lay League in Hartford, Connecticut.”
What they discovered had impressed
them and had confirmed Rives’s belief
that Signal Corps training should tap this
source. The lack of men for military com-
munications was not to be put down toa
lack of interest in radio, for league mem-
bership had increased rapidly. Most of the
members had Department of Commerce.
transmitting licenses, and their stations
stood comparison with commercial and
governmental outlets.

% Gen Gibbs, address on Station WBZ, Boston, 15
Mar 28.

97 K. B. Warner, Secy ARRL, Proposed Plan of Co-
operation Between the Signal Corps, USA, and the
American Radio Relay League, as Determined at
Conference at Hartford, Conn., 24 Mar 25. SigGC
311.23 A/N Radio Procedure 1, 1924-32.



THE ARMY IN LIMBO

In fact, the radio amateurs were ama-
teurs only in the sense that they worked
for pleasure rather than for pay. They had
long since graduated from Ford spark
coils to tube transmission on continuous
wave, and they spoke casually about mak-
ing two-way contact across the Atlantic
despite their limited power and against
heavy atmospheric and artificial inter-
ference. Their pioneering on the short
waves had opened new channels which
had proved reliable for daytime long-dis-
tance use, and they had explored and
utilized the high frequencies which com-
mercial interests had rejected. Accord-
ingly, the Signal Corps began seeking out
small groups'in several of the corps areas,
and, with their co-operation, indoctrinat-
ing them in military radio procedures and
holding weekly radio drills. The groups
merged, and the Army Amateur Radio
System came into being. At first it was un-
successful. An unlucky burden of admin-
istrative detail fell upon each of the hams
serving as local representatives. Then a
noteworthy job in the 1928 Florida hurri-
cane, when WAR and an amateur at West
Palm Beach had worked together to keep
a circuit open, gave AARS new impetus.
By slanting it away from the Army and
toward the Red Cross, its sponsors were
able to keep it alive. Operating on Mon-
day nights except during the summers,”®
and with its control station moved to
Washington, the AARS expanded from
300 to 500 members, then to 1,100 in
1935, to 1,700 in 1939, and ultimately to
2,400, when the Pearl Harbor attack sus-
pended all amateur radio activity in the
United States.

But WAR’s connection with the radio
amateurs was only periodic—a matter of
immediate local or remote national emer-
gency. It still did not put men at the oper-
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ating positions for routine daily and
nightly work. The problem remained.
When war began in September 1939,
there were sixty-three civilians and forty-
three enlisted men in the Message Center.
Even this number existed, however, only
because appropriations had touched bot-
tom and had had to go up again. Funds
had been drastically cut five years before,
at the very time when the advent of the
Civilian Conservation Corps and the order
requiring the Air Corps to carry the mail
had crowded the channels with flight mes-
sages and triple-C traffic. The Signal
Corps had been obliged to warn other
government agencies that free message
service must come to an end with the fiscal
year 1935.

Because half of the total business came
from outside the War Department and be-
cause none of the agencies, understand-
ably enough, had provided in their esti-
mates for money to pay for it, the Bureau
of the Budget had had to come forward
with a special temporary allowance.
Thereafter, a rate of nine mills a word
went into effect, and the civilian agencies
took most of their business elsewhere. The
military administrative traffic increased,
however, and the effort to handle it was no
easier than before. Commercial enterprise
went on, also, picking off the men trained
at government expense, and leaving the
Signal Corps to try to perform technical
jobs without the technicians for them.

‘General Allison protested in 1936:

While the Army has been struggling with
unsatisfactory communications in spite of the
best efforts of zealous and intelligent person-
nel, the American Telephone and Telegraph,
Western Union, Postal, RCA and Mackay

¢ Radio had not yet reached the stage where it was
dependable. Heavy interference often obscured it and
summers nearly closed it out.
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Companies have been earning an interna-
tional reputation . . . because . . . men
. thoroughly trained for their jobs are
able to secure long life from the expensive
equipment which is required in modern com-
munications. . . . The Army has . . . [an]
organization of part-time signalers. . . . It
is extravagant to entrust expensive signal
equipment to men who do not fully under-
stand it, and it is idle to expect partially
trained operators to give the rapid service
which is demanded by a modern army.

With the aid of the Civil Service Com-
mission, the Office of the Chief Signal
Officer inaugurated civilian recruiting
measures which improved classifications
and allowed for training on the job. The
effect was almost immediate: men with-
drew from the 17th Signal Service Com-
pany, became civilians, and continued at
their jobs in the Message Center at better
pay. At the approach of World War II, the
17th had the status, moreover, of a sepa-
rate company, except that it was under
the Chief Signal Officer for duty assign-
ments.**® The situation continued to be
tense in all of the other stations of the
Radio Net; in a fifteen-month period in
1937 and 1938, they lost 456 trained
specialists.

Largely as a result of improved equip-
ment, operators who did stay were able to
multiply speed by two, then by three. In
September 1933 the Public Works Admin-
istration allocated $176,170 to the War
Department for the Signal Corps to spend
on physical improvements.*®* This made it
possible to continue renewing the thread-
bare telephone and radio systems of posts
and garrisons. The Plant and Traffic Di-
vision blocked out the money in twenty-
five projects, half of them being for the Air
Corps. “This work is of great benefit to the
Army,” one officer stated. “It has enabled
the Signal Corps to place worn-out, obso-
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lete (and in many cases pre-war) tele-
phone systems in first class condition. It
has expanded facilities to the point where
all activities requiring telephone com-
munication can be furnished such serv-
ice.”” 192

PWA expanded rapidly, and within its
first year (fiscal year 1934) had distributed
$343,614,628 to the War Department.'®®
For seventy-seven projects which were
supported either by direct allotment or by
suballotment from the Quartermaster,
Air, and Engineer Corps, the Signal Corps
employed $1,801,766 of the whole War
Department allocation. Many of the
projects were for fire-control communica-
tions in the antiaircraft gun batteries and
harbor defenses of Pearl Harbor and the
Panama Canal. Another grant of $207,-
366, apart from the sums for construction

% CSigO, Annual Report, 1936, pp. 19-20.

1% M. E. Boswell, The 17th Signal Service Com-
pany: A Component of the War Department Signal
Center from World War I Through World War II,
Oct 45, p. 26. SigC Hist Sec File. Of the forty men
who made up the company as it generally was in the
late 1930’s, one third were assigned to the Photo-
graphic Laboratory; the other two thirds served at the
Message Center, at the AARS station and the trans-
mitting station at Fort Myer, and at the remote receiv-
ing station at Battery Cove. SigC 320.22 17th Sig Sv
Co, passim. .

101 Ltr, Maj Kenneth P. Lord, Finance Dept, to
CSigO, 16 Oct 33, sub: Apportionment of National
Industrial Recovery funds. SigC 475.7 (PWP) Funds
1, 1933-34.

102 (1) Schedule of obligations attached to Ltr,
OCSigO to WD Budget Officers, 15 Nov 33, sub:
Preparation of schedules of obligations (Green Sheets)
for funds received from Federal Emergency Admin of
Public Works. SigC 475.7 (PWP) Funds 1, 1933-34.
(2) OCSigO R&W Sheet, Plant and Traffic Div, ini-
tialed “RBC” [for Maj Colton], to Exec Officer, 7
May 34. Same file.

103 This was part of a larger sum of $1,371,388,345
set aside for federal projects, and that sum in turn was
part of a total of $3,300,000,000. Ltr, Harold L. Ickes,
Federal Emergency Administrator of Public Works, to
SW, 16 Jan 34, with OCSigO status rpt, 22 Jan 34.
SigC 475.7 (PWP) Rpts, Jan-Feb ’34.
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of fixed communications, provided air-
craft tactical radio.***

The windfall of Public Works Adminis-
tration and Works Projects Administration
funds rescued the communications from
falling behind. In the nerve center at
Washington and in the outlying stations,
the effect was gratefully felt. High-speed
equipment appeared in places other than
the original two, Washington and San
Francisco. Although it was still manual
and not automatic, it was an lmprove-
ment, and Hawaii, San Antonio, Atlanta,
and Chicago profited from it.'** Diamond-
shaped, or rhombic, directive antennas
arose at the Fort Myer transmitting sta-
tion and receiving rhombics at Battery
Cove, each an asset by virtue of providing
the most possible with the least amount of
power; gradually the net was enhanced
with others.'”® Noise and fault locators
and vacuum tube keyers made a com-
mendable difference. WAR had kept a
channel open for radioteletype, so in 1937
the equipment was installed as a venture
in the Second Corps Area station in New
York. Washington hoped to provide either
leased teleprinter or teletypewriter ex-
change (TWX) service to other sections of
the country, quite apart from any such
facilities within the regional communica-
tions systems. The net began to think also
of adding to its own group of networks
those of the National Guard, the districts
of the Civilian Conservation Corps, and
the police.

Necessity forced more and more expan-
sion upon fixed Army communications
despite the opinion, long held in the Sig-
nal Corps itself and enforced in the 10-
kilowatt limitation, that in case of war the
Navy’s radio system would become global
whereas the Army’s would be confined to
the corps areas and departments. Yet to
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meet a world-wide war, the War Depart-
ment Radio Net and Message Center
were antiquated.’®” All equipment, either
Boehme (high-speed) or straight key, was
still operated by hand. Radioteletype had
not yet come into general use, and for
most of the stations was only in prospect.
The system needed emergency power
equipment, independent of the commer-
cial supply, as well as additional channels
similarly independent of leased lines.'*®
And for all that it was a number of years
since General Gibbs had announced,
“Facsimile transmission has come, tele-
vision is a demonstrated fact, and high-
speed radio transmission and reception we
have in our hands to use whenever the
volume of traffic justifies its installa-
tion,” '* his forecast had still not come
wholly true.

In the Signal Corps’ unique field agency,
WAMCAT'S, the Washington-Alaska Mil-
itary Cable and Telegraph System, a

1%+ The Air Corps sought radios for each of 24 fight-
er airplanes, 30 light bombers, and 46 medium and
heavy bombers. The principal requirement was for
the airborne sets SCR-183 and SCR-187 and for the
ground radio SCR-188. Ltr, Brig Gen Oscar West-
over, Actg Chief of AC, to TAG, 8 Dec 33, sub: AC
requirements program from Public Works funds. SigC
475.7 (PWP) Supplies.

195 Signal Corps Information Letter, No. 2 (July 16,
1934), p. 13.

198 Ltr, Maj Van Deusen, Exec Officer OCSigO, to
TAG, 22 Mar 34, sub: Installation of antennas at
WAR, and 9th Ind, 4 Jun 34. SigC 676.3 Fort Myer,
1932-39. The National Capital Park and Planning
Commission asked for the Battery Cove site in order to
make a park for Alexandria, but was denied. Ltr,
Harry 1. Woodring, Actg SW, to Frederic A. Delano,
Chm National Capital Park and Planning Commis-
sion, 25 Jul 36. WDGS G-4 26616-16.

197 Maj Gen Harry C. Ingles, Speech at Centennial
of American Telcgraph Association, 24 May 44. SigC
AC 352.13 Specch Matcrial, 1943-44.

128 Memo, Capt Clarke, O/C WD Msg Citr, for
CSigQ, 23 Feb 37. SigC 676.3 WAR (WDRS), 1936-
39.

1% Gibbs (and Carr) article cited n. 80.
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similar set of changes took place. Wireless,
first supplementing wire, came actually to
supplant it. A network of cable, telegraph,
and radio at the end of World War I, the
system became one of cable and radio ten
years later (the telegraph being discon-
tinued in 1928) and of radio alone by
1934. In 1930 the cable began to go out of
use, despite the fact that in 1924, at a cost
of $1,500,000, the earlier one had been re-
placed with a new one. An appropriation
of $200,000 bought radio equipment to
serve in its stead. The Seattle-Ketchikan
portion of the cable was abandoned on 31
December 1931, and the Ketchikan-
Seward portion in 1934.'*° Time thus
wholly transmuted the original system of
the year 1904, a system of 2,100 miles of
cable, 1,500 of land line, and only 100 of
wireless space spanning. By 1936 there
was no longer any way to keep even the
name. It was changed to Alaska Com-
munication System. Veteran employees
went into mock mourning'** for the days
before radio had assumed command, and
WAMCATS fell back into the past to join
the vanished Aviation Section and Myer’s
Manual of Stgnals.

Radiotelephone made a limited Alaskan
debut in 1931, when transmitters were
put in at Marshall and St. Michael, two
outposts of the Norton Sound region
where wireless had been essential from the
beginning of the century. Boehme high-
speed automatic equipment appeared
upon the Anchorage-Seattle circuit in
June 1933. Simultaneously, the imponder-
ables of the budget affecting Alaskan com-
munications as everything else, the War
Department ordered thirteen stations
closed; but because they were necessary,
the Signal Corps sold the equipment to
the communities concerned and provided
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the operators for it almost as before.''* The
system as a whole had been saved from
sale to private interests only because the
enabling legislation had been tabled.’'* In
1936 increasing trafic brought a regroup-
ing of twenty-five stations into six nets, all
stations of a net working on the same fre-
quency and Anchorage serving as the con-
trol. After July 1937 radiotelephone facil-
ities had become universal; connected to
the long lines of the American Telephone
and Telegraph Company, they made it
possible to reach any point in the world
from Juneau or Ketchikan.

Peacetime Procurement Planning ***

In providing administrative communi-
cations the Signal Corps performed a
basic peacetime service. War would raise
tactical communications to the same im-
portance, then redouble the doubling,

110 (1) Historical Sketch of the Signal Corps (1860-
1941 ), p. 103. (2) Pamphlet, Alaska Communication
System, 1900-1950, p. 26; (3) First Draft, Alaska
Communication System History, p. 130. SigC Hist
Sec File.

111 Hist cited n. 110(3), p. 99.

112 CSigO, Annual Report, 1934, p. 6.

113 (1) Ltr, Patrick J. Hurley, SW, to Joseph W.
Byrns, Chm HR Committee on Appropriations, 25
Mar 32. WDGS G-4 29284, (2) CSigO, Annual Report,
1931, p. 1.

1141In the series UNITED STATES ARMY IN
WORLD WAR II the full-length study of military
procurement, procurement planning, industrial mo-
bilization, manpower uses, logistics, and other aspects
of the whole subject of supply is contained in the fol-
lowing: (1) John D. Millett, The Organization and Role
of the Army Service Forces (Washington, 1954). (2)
Richard M. Leighton and Robert W. Coakley, Global
Logistics and Strategy: 1940-1943 (Washington, 1953).
(3) R. Elberton Smith, Army Procurement and Eco-
nomic Mobilization, and (4) Byron Fairchild and
Jonathan Grossman, Industrial Relations and Labor
Problems. The last two volumes are now in prepara-
tion.
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again and again, toward infinity. Of this
fact, even in limbo, the Army’s communi-
cations branch was sure. The War Depart-
ment Message Center, the War Depart-
ment Radio Net, the Army Amateur
Radio System, leased wire lines, garrison
and field systems, and the Alaska service,
contained both a continued response to
the calls of peacetime and a rudiment for
a wartime communications system which
would meet a wartime mission. The future
was tacitly imposed on the present. At
times between the two world wars, the day
was sufficient without a tomorrow, espe-
cially a threatening one; but awareness of
the next day, the next fiscal year, the next
war never disappeared. No military
agency could afford to forget that how-
ever well it had met its charge in the
recent war, however adequately it did its
duty currently, it would fail unless it could
find some way to calculate and be ready
for the future. Although the Army might
recede from the public mind, the public
would nevertheless expect it to be
equipped on demand for an emergency.

The future was peculiarly difficult for
the Signal Corps. In order to accomplish
its mission, the Corps had to be a supply
arm as well as a technical arm, a supply
service as well as a technical service, and
the obligation to be so was to the future
even more than to the present. In being
responsible for every dry battery the Army
needed, precisely as the Quartermaster
Corps was responsible for shoelaces and
the Medical Department for aspirin, the
Signal Corps was its own best customer.!**
The demands of the rest of the Army,
however, particularly of that shadowy
Army of the successive Protective Mobili-
zation Plans, had evermore to be taken
into account as the foremost obligation.
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Tangible signal material had to be on
hand for the daily demands; imagined
supplies had to be on paper for a distant
exigency. Tangible or imagined, they were
a problem.

The apparatus of the Signal Corps is
technical to the highest degree. This ob-
servation was made with great earnestness
in 1919, at a time when radio was just
coming into its own.''® Succeeding years
confirmed the view, with emphasis. Com-
munications instruments are precision in-
struments, individual, complex, so subject
to constant modification as to be new one
year, out of date the next. They demand
exact engineering, exact manufacture,
exact testing to bring them to the delicate
efficiency expected of them, and exactly
trained men to use them to best advan-
tage. For these reasons, Signal Corps antic-
ipation of its future mission was equivalent
to knowing the futures of the Army, the
electrical industry, and electrical science.

The supply function was thus always
both actual and theoretical, the actual
straitened, the theoretical unbounded.
For supply was as big a word as communica-
tion. It could be split three ways, resplit a
dozen. In its broad reaches it touched
budgeting and contracts, raw materials,
allocations, critical items, and priorities,
machine tools, spare parts, patents, indus-
trial mobilization, and manpower. Its
enormous range and detail offered a
career in itself, within the larger career of
the Army. Men like Elder, Hildreth,
Cuny, Bush, and Pigg could be thought of
as career colonels in supply within the
Signal Corps as Olmstead could be con-

"5 The policy was set in 1920. WD GO 61, 22 Nov
20. Scc. II, and WD Supply Div Memo 1049, 22 Nov

20.
118 WD, Annual Reports, 1919, Vol. I, Pt. 1, p. 1282.



60

sidered an administrative careerist or
Milliken a specialist in training.**’

At the top level of definition, supply
comprised planning, procurement, and
distribution. Planning was the duty as-
signed to planning sections both in Wash-
ington and the field, procurement was
done (at least after 1925) from the offices
of procurement districts, and distribution
was made from depots and depot sections.
Planning formed the future of supply;
procurement and distribution were ordi-
narily linked because they represented the
immediate moment.

For many years, equal boxes on the
organization charts of the Office of the
Chief Signal Officer showed “procure-
ment,” “storage and issue,” and “procure-
ment planning,” ''® the first two repre-
senting the actual or current work going
on in supply, the third the hoped-for. The
three boxes were not really equal, for the
nebulous long-range work possessed much
more significance than the palpable, day-
in-day-out purchase and issue did. Given
the stripped and shivering body military
of those years, what fatness there was, was
all in dreams. Two thirds of the orders
which the Signal Corps placed in 1920
were for less than a hundred dollars, and
one fourth for less than ten. Both procure-
ment and distribution were often merest
routine.'*® Corps area signal officers kept
their units provided with what the peace-
time budgets and their own initiative made
possible. Signal depots and signal sections
of depots catalogued, repaired, and issued
signal equipment as they were directed to,
and tried to keep life in what was stored.
Stockpiles were so meager that ten years
after the Armistice the largest depot sec-
tion, New York, held only 4,000 items for
issue and the smallest, New Cumberland,
4 1 X 120
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Procurement, a function which in
World War II created one billion-dollar
Signal Corps after another, was then work-

117 Eugene V. Elder studied at the Army Industrial
College and the Harvard Graduate School of Business
Administration, commanded the Philadelphia Pro-
curement District between 1943 and 1945, and before
and after that assignment spent more than fifteen
years in the supply organization of the Office of the
Chief Signal Officer. From 1929 on, Raymond C. Hil-
dreth’s duties were those of a supply officer. They cul-
minated with command, successively, of the Sacra-
mento and Lexington Signal Depots. Clifford D.
Cuny, who was one of the first to take the Harvard
course under the arrangement begun in 1923, was a
Signal Corps supply specialist from the end of World
War I through World War II. George P. Bush made
his career in this field principally for twenty years. His
capacities spanned planning and expediting, storage
and issue. Albert M. Pigg’s career lay most consist-
ently of all in supply, from 1 January 1920, with an as-
signment to the Signal Corps General Supply Depot
in Washington, D. C,, to 15 May 1946, when he com-
pleted a two-and-one-half year tour at the Holabird
Signal Depot, Baltimore.

For many years before Dawson Olmstead became
Chief Signal Officer, his assignments gave him admin-
istrative experience. He was a student at the Com-
mand and General Staff College and the Army War
College, officer in charge of the Washington-Alaska
Military Cable and Telegraph System, executive
officer to General Allison and General Mauborgne,
president of the Signal Corps Board, and command-
ant of the S8ignal Corps School. Charles M. Milliken
was for two years a student and for five years an in-
structor at the Command and General Staff College,
for another four years was assistant commandant of
the Signal Corps School, and, after an interval of a
year as chief of the Operations Branch and its succes-
sor, the Field Service, in the Office of the Chief Signal
Officer, was for the next six years, as a brigadier gen-
eral, the officer commanding the Signal Corps train-
ing activities at Camp Crowder, Missouri, and Fort
Dix, New Jersey.

112 E.g., the charts for 30 September 1922, 1 No-
vember 1928, 26 December 1929, and 9 November
1939. The box titles varied, but their meaning
remained the same.

119 Capt. Wilton B. Persons described the peacetime
procurement process in “Signal Corps Supply,” a
Signal Corps Bulletin article, May-June, 1933.

120 Memo, Maj Dawson Olmstead, Chief Supply
Div OCSigO, for CSigO, 8 Jan 29, sub: Outstanding
accomplishments in SigC Supply Sv, 9 Jan 28-9
Jan 29. SigC 400 Gen 5.
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ing in terms a thousandth part as large.**
The years between the wars limited distri-
bution to a bedrock meaning, a matter of
bin-stock items and control space, ship-
ping tickets and memorandum receipts.
The handing out of items as they were
asked for, a giant’s duty when procure-
ment became gigantic, was correspond-
ingly dwarfed in time of peace.

Planning was a thing the other way
around. The press of war might allow little
time for it, but the stretch of postwar (or
prewar) years offered a long opportunity
to plan to the last crystal. There was no
night-and-day shipping schedule to keep
abreast of; maintenance was free of the
special problems, like protection against
fungus, which war in strange theaters im-
posed; the signal supply catalogue con-
tained only 2,500 items and seldom needed
to be revised.'** Not only the entire coun-
try but overseas stations as well were
served from three procurement districts.
Contracting was minor, and educational
orders, the special contracts devised to
educate manufacturers in the Army’s
needs, remained in the cocoon. Allocation,
scheduling, expediting, which were all
vital parts of a wartime supply machine,
in peace had small importance. Supply-
ing the day’s needs built up good experi-
ence, but anticipating tomorrow’s created
knowledge in advance of experience. Plan-
ning surveyed a whole region from re-
quirements and standards to estimates of
plant capacity and sources of manpower.
It dealt in major potentials.

Certainly World War I had demon-
strated the need for planning in the whole
field of supply, including industrial mobi-
lization, an area which before that time
neither foreign armies nor the U.S. Army
had seriously considered.'?* All through
the final offensive of 1918, there had been
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dangerous shortages of many kinds; the
munitions program had been inadequate;
confusion had existed among the various
supply agencies at home and abroad; some
factories had fallen behind because of too
many orders, others had not been equal to
the orders they got. A man in the street
might have thought that the Allies had
won because they were so good that the
enemy had to give up, but the persons re-
sponsible for supply had breathed asigh of
relief. The war had ended just soon enough
to forestall a breakdown. If, for instance,
all of the American combat forces had
actually been engaged for a full month
together, the Signal Corps would have
needed 63,000 miles of wire to maintain
their communications. But the best pro-
duction figure for any month was only
8,000 miles.***

Peacetime procurement planning started
off immediately at the close of World
War I, from a series of conferences with
businessmen in which Brig. Gen. William
Mitchell of the Air Service and Col.
Charles McK. Saltzman, the Assistant
Chief Signal Officer, took part.'* Legisla-
tion was the next stage. Saltzman helped
to draft an enabling paragraph which
would oblige the armed services to under-

2! The amounts of Signal Corps purchases from
1920 through 1935 remained in sums which fluctuated
between one and two million dollars. E.g., 1926:
$1,031,484; 1930: $2,299,181; 1935: $1,688,633.

122 James V. Clarke, Contract Adjustment in the
Signal Corps, 1 July 1939-15 August 1945, MS, 1946,
p- 9. SigC Hist Sec File. See also Col H. B. Ferguson,
CE, Lecture G-4 Course 47, Army War College, 26
May 22. Army War College Record Sec.

123 [Dwight F. Davis] ASW, Mass Procurement,
lecture delivered before the Army War College, 20
Jan 23. 8igC Proc Plng Sec File.

124 1gt Lt. Frank W. Bullock, “Wire Industry Vital
to War Planning,” Signal Corps Bulletin, No. 66
(May-June 1932), p. 6.

125 Hall hist cited n. 4(3), pp. 88-89.
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take procurement planning, Secretary of
War Newton D. Baker endorsed it before
Congressional hearings, and it was made
one of the 1920 amendments to the 1916
National Defense Act. The same legisla-
tion authorized an assistant secretary of
war, responsible for all military procure-
ment and for mobilization of industry and
materials.'*®

Planning, explicitly authorized, was of
course implicit in both of these functions;
but whereas military procurement was
part of the civilian economy, and long
accepted, industrial mobilization was new
and ominous. Wherefore, the two parts of
this assignment diverged. Business, the
accepted guide of government at that
period, put the emphasis upon procure-
ment and bridled at the shackling possi-
bilities of mobilization planning. Whether
in its military or its civilian aspects, mo-
bilization planning called up such possi-
bilities. In spite of the fact that military
planning is planning for some place not
here and at some time not now with men
who are not yet in uniform and with ma-
terials which are not yet in production, it
implies present conscription; and con-
scription is hard to achieve even when the
threat to the national security is at hand,
let alone in the afterglow of a war to end
all future wars. The military phase of pro-
curement planning, reflecting that of
actual procurement, involved estimating
requirements, allocations, contract sched-
ules, and so on; but the larger economic
phases took planning into such fields as
stockpiling strategic and critical materials,
converting plants for wartime manufac-
ture, financing new factories, and award-
ing contracts according to local supply of
power, to ease of access, to availability of
labor.

The need for superagencies, controlling
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the civilian elements of military power,
could be prophesied. Assistant Secretary
of War Dwight F. Davis, for example, was
aware of a necessity for a war industries
board, a price control committee, appa-
ratuses to administer labor, food, fuel,
transportation and communication, a war
finance corporation, and a war trade
board.**” There was no getting away from
these parts of the plan if there was to be a
plan at all. The initial group of fifty offi-
cers working in the Assistant Secretary’s
office at first devoted their attention to the
military requirements of a procurement
program and let the economic phases go;
but it became apparent that computing
the needs of a military force was not to be
achieved while the equation was filled
with x’s. Wide-scale procurement planning
took firm root. The War Council, the
Joint Army and Navy Munitions Board,
and the Army Industrial College became
its agents. Maj. Laurence Watts was the
first Signal Corps officer to be assigned to
the Industrial College for training. Its lec-
turers during its first years included not
only Watts, 1st Lt. Byron A. Falk, Maj.
Roy H. Coles, Capt. Alfred M. Shearer
and other Signal Corps officers engaged in
the problems of supply mobilization, but
also civilian communications chiefs like
David Sarnoff of Radio Corporation of
America and J. J. Carty of American
Telephone and Telegraph.

Acting under the Assistant Secretary’s
office, the lower echelons organized pro-
curement planning programs of their own.
The supply list which the Assistant Secre-
tary assigned to the Chief Signal Officer’s
responsibility reiterated signal, meteorol-
ogical, and photographic items as custom

me 764, sec 5, 4 Jun 20.
127 ASW lecture cited n. 123.
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already established.’*® To plan for their
procurement, the Office of the Chief Sig-
nal Officer opened a section headed by
Maj. Francis G. Delano, with Capt.
Edward F. French and Lieutenant Falk as
his assistants.’”® For most of the 1920’
there were three officers and two clerks in
the section. In accordance with boundaries
which the Office of the Assistant Secretary
of ' War had fixed for fourteen industrial
districts, the Signal Corps also established
three procurement districts and assigned
an officer in each of them to carry out pro-
curement planning which was distinct
from that of the Office of the Chief Signal
Officer. The officers were Capts. Ralph R.
Guthrie, Alfred M. Shearer, and George
P. Bush, and they served respectively at
New York, Chicago, and San Francisco.
These three sites were chosen because, as
Assistant Secretary Davis explained, “the
Signal Corps districts are necessarily built
up around those existing facilities such as
General Electric Company, the Westing-
house Electric Company and the Western
Electric Company, dealing in electrical
equipment.”

In Washington and afield, then, the
Signal Corps undertock the planning of
primary and secondary requirements, the
surveying of industry, and the imaginary
apportioning of war contracts. Further-
more, it sought Reserve officers as pro-
curement experts; this was a part of the
work in which, as elsewhere, the official
policy was to look to industry. The rule of
thumb in Signal Corps planning was to
expect 50 percent of the required manu-
facture to come from the area of the New
York Procurement District, 40 percent
from Chicago, and 10 from San Fran-
cisco.'®® Telephone equipment came prin-
cipally from the Chicago region, radio
from New York.
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All planning led to the secret strategic
plans of the General Staff’s War Plans
Division, and was based upon the prob-
able requirements of a mobilized army
and the survey of industrial power. Per-
sonnel mobilization plans were to take
care of the former and supply planning
the latter. The War Department Mobili-
zation Plans commenced in 1919; and
1920, 1924, 1928, and 1933 plans followed
before Protective Mobilization Plans took
their place. The supply plans were at first
known by the names of colors—Green
Plan, Tan Plan, and so on—and ultimately
as Industrial Mobilization Plans.

At first, supply planners attempted to
survey industry by means of question-
naires. They were markedly unsuccessful.
They were rebuffed as meddling, pre-
sumptuous, or simply “dumb.” *** The
Army War College began the use of ques-
tionnaires with an endeavor in 1921 to
get replies to what it called an industrial
inventory. When the effort failed, the
General Staff ordered the supply agencies
to gather their own information. Repeat-
ing the attempt with its own industrial
mobilization questionnaires, the Signal
Corps had no better luck. U.S. Steel,
Westinghouse, and General Electric were

128 The Signal Corps’ responsibility for radar lay in
an early regulation’s specifying “all methods of de-
termining the direction or range of artillery, radio
stations, aircraft, or marine craft.”” AR 105-5, 14 Jan
22, Duties of the Chief Signal Officer, par. IV b.

128 Tt Col George P. Bush and Martha E. Manning,
History of Procurement Planning, 1920-1940, MS,
1942, p. 21. 8igC Proc Plng Sec File.

13 The New York District represented the Office
of the Assistant Secretary of War’s areas 1, 2, 3, 4, 3,
6, 7, 10; Chicago, areas 8, 9, 11, 12, 13; and San Fran-
cisco, area 14. OCSigO Office Memo 74, 20 Dec 22.
WD Industrial Mob Plan, Dec 23, Annex 5, Chart 2.
In March 1933 the War Department substituted
four procurement zones for its original fourteen.

13t Capt Albert M. Pigg, Monograph on Reports

of Survey, 1935, p. 3. Proc Plan Sec File, Industrial
Mob Br, P&D Div, OCSigO.
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among the large companies to show un-
willingness to answer them. The War
Department registered an ineffectual re-
taliation against brusque treatment by
promising to shut out un-co-operative
businessmen in case of war. This was
comforting, but did not fill the void where
the answers should be. Moreover, there
was dispute over such basic riddles as the
reserve of materials: whether to plan for
the maximum emergency or for whatever
modest contingency Congress was likely
to agree to.***

The procurement problem stemmed
straight from the mobilization problem.
The War Department Mobilization Plan
work, which had commenced in terms of
an Army of six and a half million men
while production was still geared to war
effort,’** had dwindled to a million men
on M Day, a million and a half six months
later. On this basis, the planners working
in the Assistant Secretary’s office toward
the 1924 revision of the plan were com-
puting requirements, but could hardly
know the conditions under which they
would be needed. In a dinner address,
General Squier offered lump sums to give
an idea. Each month, it seemed to him,
the Signal Corps would probably need
7,000 radio sets and 12,000 telephones;
19,000 miles of galvanized iron wire and
76,000 miles of insulated wire; 20,000 stor-
age batteries and 200,000 dry batteries.
He even mentioned 60,000 pounds of
pigeon feed.'®* So, would the war be short
or long? local or global? soon or never at
all? The Signal Corps’ part in planning
had to be related to the answers to these
questions, to the reserve of raw and manu-
factured materials, to manpower, trans-
portation, and industrial potential. In
order to answer them the planners needed
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to get replies to their questionnaires. In-
dustry pointed out that the Army could
not expect answers without knowing what
to ask—and the circle was complete.
Conferences with industry, a second
attempt, were hamstrung by the reluc-
tance of business representatives to speak
frankly in front of their competitors. This
reaction was not surprising. One of the
important tools of supply planning was the
report of survey, and the report of survey was
panoramic enough to daunt a man whose
factory it analyzed.*** Yet until the good
faith and serious purpose of military
planners were accepted by business, there
could be no real information on which to
base a plan. After a period of several years,
the Signal Corps officers on planning duty
built up the confidence of industrialists,
and business representatives did consent
to disclose production rates, plant capac-
ity, and other figures. They stipulated,
however, that they speak in private and to
a Regular Army officer, not to a civilian
who might be hired away by a competitor

132 Bush and Manning hist cited n. 129, pp. 77-78.

133 WD Pub Relations Br, Statement by Brig Gen
Harry L. Twaddle Before the Truman Committee,
24 Apr 41. AG 381 (11-29-40) Sec 1.

134 Maj Gen George O. Squier, Wartime Procure-
ment and Procurement Planning in the Signal Corps,
address at dinner for ASW, N.Y., Feb 23. SigC PP
Basic Plan for Proc.

135 Reports of survey were supposed to show
“parent or subsidiary firms, executives, ownership,
capitalization, normal products, production ma-
chinery, normal suppliers and subcontractors, sources
of supply for raw materials, number of employees,
power and transportation facilities available, a com-
plete listing of the Signal Corps items which, in the
judgment of the Planning Officer, the plant would be
capable of producing, the preferred items for produc-
tion, that is, the items for which the plant was con-
sidered to be best suited to produce economically and
in the quantities needed, and finally, a recommenda-
tion by the Planning Officer as to ‘allocation’ of the
facility.” Bush and Manning hist cited n. 129, p. 85.
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for the sake of the information he had ob-
tained."®* Under no circumstance was
industry asked for information without
clear approval from the Office of the
Assistant Secretary.

Consultation with industry was further
hampered by the fact that officers had no
expense account to depend on so that they
could travel to a plant in order to survey
it firsthand. Ordinarily, they prepared re-
-ports from the information on file near
them, and the result was sometimes re-
mote from fact. The farther away history
moved from World War I, the less signifi-
cant was any report based on the indus-
trial potential which had existed at its
close. Most industries had converted their
factories wholly to the uses of peacetime
and could no longer be considered avail-
able for war production without extensive
reconversion. As this situation developed,
the factory plan came into being. Wherever
a survey became obsolete, planning offi-
cers sought to replace it with a construc-
tion plan, for building a new factory, or an
expansion plan, for altering an existing
one. These plans held the kernel for the
arrangements whereby the federal govern-
ment later subsidized the expansion of
industry during and somewhat before the
1941-1945 war. A factory plan was made
if the industrial capacity for an item was
determined to be less than twice the
amount which the requirements of the
Mobilization Plan made necessary. (In the
Office of the Assistant Secretary of War,
the standard planning policy was that
half of the industrial capacity would be
the maximum allowed to military use, the
other half being reserved to the civilian
economy.) Planners estimated production
in twenty-four-hour units because full-
time operation would be the rule of war,
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but computed it at two and one-half
rather than three times the production
figure of a peacetime eight-hour shift be-
cause they felt sure that efficiency in the
second and third eight-hour periods of the
twenty-four would not be up to the
standard of the first.

In the preparation of factory plans, the
Signal Corps asked for the industrial sur-
veys which the Bureau of the Census had
compiled with an expertness and detail
that no small service could approach.
Statutory secrecy imposed upon them
made them inaccessible, however, and
the planning sections were accordingly
obliged to cover the same ground for them-
selves. Moreover, factory plans were of less
use to the Signal Corps than to services
like Ordnance which required special
military manufacture almost totally unre-
lated to civilian use. .

The most valuable device for Signal
Corps planning was the item-procurement
plan. It came up in the same set of circum-
stances which produced the report of
survey but accomplished a different pur-
pose. It shifted the point of view from plant
to item and from report to plan. The
reports of survey were in no sense plans.
They were supposed to reflect the existing
situation, plant by plant, of the communi-
cations industry. The item-procurement
plan (or, simply, procurement plan, as it
came to be called) separated the problem
into the actual materials themselves, by
considering the requirements of the mili-
tary system singly, whether as raw re-
sources or as manufactured products, and
synthesized future procurement in that
way.

One of the commodity committees of

136 Pigg monograph cited n. 131, p. 5.
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the War Department of which the Signal
Corps held the chairmanship was that for
mica.'*” As an insulator—as a component
of radio condensers, as an essential to
commutator segments in motors and gen-
erators—mica was vital; and since only a
small proportion of the total amount
mined was useful and since several
branches of the Army counted upon it,
there had to be careful planning for an
adequate supply in case of war.’®® It
accordingly received special study. So did
quartz crystals for radio transmission,
crude diamonds for wiredrawing, and
other raw materials.’®® For manufactured
items, similar studies had to be made.
Storage batteries, a common enough prod-
uct, were of continuous importance to the
Signal Corps. A 1926 item-procurement
plan for them began by scrutinizing and
trying to define the strategic mission of
storage batteries, then moved into detail,
first describing the basic lead-sulphuric
acid and nickel-iron-potassium types, next
listing the models which the Signal Corps
would need. Continuing, other sections of
the plan discussed critical components,
critical raw materials, production tools,
labor requirements, and contract policy.
The plan closed with a graph which
charted the manufacture of batteries from
the beginning of the process to the end.!*®

These plans had limitations. Not only
were lists of critical materials likely to
change abruptly, but new methods of
manufacture or advances in the field of
electricity could fast make them out of
date. For instance, the advent of better
magnetic steel altered the whole area of
procurement of field telephones. An even
more important change occurred when
the use of metal for vacuum tubes made
the shielding process unnecessary. The
rapid obsolescence which was the Jonah
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of communications equipment made it
hard to merge the individual item plans
into a comprehensive view.

Military uses often set a standard much
higher than commercial manufacturers
maintained in their product; hence a plan
ordinarily had to be written with custom-
built apparatus in mind. Maj. George P.
Bush and others held that war would
require mass production, even of radio, yet
attempts in that direction were frustrated
by the very attributes which render radio
a valuable and delicate instrument.'*!
Another barrier to mass production could
arise from the fact that companies would
probably not use interchangeable compo-
nents to an extent which would make it
possible for several factories to join in
quantity production. The New York Pro-
curement District anticipated difficulty in
subcontracting the manufacture of high-
frequency equipment for this reason—that
the prime contractors would use propri-
etary parts and features.**?

Machine tools posed another dilemma.
Should the Signal Corps try to keep up its
supply of them, an effort which would in-
volve almost yearly replacement, or should
an equivalent amount of money and time
be spent on developing better methods
and models, in the hope that there would

17 The Signal Corps was also represented on the
commodity committees for ferroalloys, nonferrous
metals, optical glass, rubber and rubber goods, steel
and iron, and wire and cable. CSigO, Annual Report,
1930, p. 56.

138 Capt Alfred M. Shearer, Tentative Plan for the
Production of Mica, 1929. SigC FM-137.

138 CSigO, Annual Report, 1928, p. 18.

140 «“A Typical Signal Corps Plan for the Procure-
ment of Supplies,” Signal Corps Bulletin, No. 37
(January, 1927), pp. 31-40.

141 H. D. Hausmann, Procurement Planning and
Industrial Mobilization, 1920~1940, Pt. II, pp. 258ff.
OCSigO Industrial Mob Br File.

142 Rpt of N. Y. SigC Proc District, 35, 8 Jul 35.
SigC Annual Rpts.
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be enough advance warning for the nation
to retool its factories? After World War I,
the Signal Corps took over a large quan-
tity of tools, jigs, and dies which were so
soon outmoded that the second choice was
inescapable; and machine tools had to be
added thereafter to the planned produc-
tion of an item.

In 1929, when the new administration
of Herbert Hoover came into power, a
reorganization in the Office of the Assist-
ant Secretary of War took industrial mo-
bilization planning out of the experimen-
tal cycle which it had been in thus far.
Under this influence and in the ascend-
ancy of item planning, the Signal Corps’
procurement mobilization principles were
gradually crystallizing. Planners tried to
reduce the problem to two considerations:
where to find each item and at what rate
to expect it. For a third factor, where it
would be used, the point of reference was
always the mobilization plan.*** All re-
quirements were classified according to
the probable difficulty of meeting them in
time of war. Class I item-procurement
plans, the highest of three orders, de-
manded approval in the Office of the
Assistant Secretary lest there be a conflict
with other services or with civilian needs.
The accumulation of hundreds of Class I,
I1, and III plans *** had developed a con-
ception of an ideal production plan as a
progression in which an item would be
standardized, the demand for it settled, its
specifications drawn up, plants allocated
to its manufacture, factory layouts deter-
mined, all special machine tools and con-
tributory items provided, an educational
order let to determine the rate of produc-
tion and encourage the training of the
labor force, the costs computed, and the
whole thing stored up until M Day invoked

it.l45
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Nobody knew it, but an M Day was
moving nearer. In retrospect, events be-
fore 1929 seem a long backing away from
World War I, those after it a long approach
to World War II. The mid-point between
wars arrived with the great economic de-
pression which began in October 1929,
eleven years after the close of World
War I, ten years before World War 11
opened. The depression dealt a blow to
supply planning and purchase. The Signal
Corps placed only 2,400 orders in the
fiscal year 1930.'*¢ There were not even
funds with which to send officers to the
Harvard Graduate School of Business Ad-
ministration, as had been the case since
1923.**" The Supply Planning Section was
cut. Reports of survey became so unstable
as to be almost wholly useless, and visits to
plants in an effort to bring the statistics up
to date turned into mournful walks
through empty shops and past halted belt
lines. But although industry offered little
to survey, planning went on in much the
same fashion as before. In 1930 the Signal
Corps settled upon a policy of industrial
surveys every year, every three years, or
every five, depending on the rapidity with
which the factory’s product changed.

At the same time, two years of effort

143 Until 1930, specifically Annex 5 to the plan.

144 By 1939 the files of the Procurement Planning
Section, Office of the Chief Signal Officer, contained
plans for 1,160 items. Officers charged with current
procurement seem to have neglected this treasure of
information, however, and to have procured signal
material without regard to the long view contained
in it. Bush and Manning hist cited n. 129, p. 89.

145 Capt L. J. Harris, Problem 11, Army Industrial
College 1935-36 course, Suppl Rpt 4, pp. 7-8. Army
Industrial College File.

146 By contrast with 74,000 at the wartime peak in
1943. Brig. Gen. Calvert H. Arnold, “Industrial
Mobilization and the Signal Corps,” Signals, I, No. 3
(January-February, 1947), 10.

117 Provided for in paragraph 127a of the National
Defense Act, 1923.
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culminated in statistics on the weight,
volume, and cost of the tactical signal
equipment a wartime military machine
would use in units from a platoon all the
way up through a field army. This task
completed, planners turned to presenting
the computations in the form of charts, for
the greater convenience of corps area sig-
nal officers in their own planning and pur-
chase of equipment. For a period, these
war planning equipment charts unofficially
took the place of tables of basic allow-
ances. They could not serve forever,
though, and in the fall of 1934 Capt.
Albert M. Pigg and his associates—Pigg
by then the Procurement Planning Sec-
tion’s only officer—began to prepare ten-
tative tables of basic allowances upon the
basis of discussion with all arms using sig-
nal material. The discussion was careful
enough to result in nearly definitive work,
so that Signal planning reaped two bene-
fits. In the first place, it enjoyed the ad-
vantage of up-to-date information until
the official tables of basic allowances ap-
peared; and in the second, when that time
came, most of the Signal Corps’ contribu-
tion was ready. The old supply plans
named for colors were falling into the dis-
card meanwhile, although unluckily not
until a good deal of time and energy had
gone into attempts to revise them. Further
work on these plans stopped in 1934, and
they were replaced altogether in 1937 by
the first of the Protective Mobilization
Plans.

In anticipation of the new Protective
Mobilization Plan and to try the useful-
ness of existing plans, Signal Corps supply
agents were everywhere asked how ready
they thought they were. Long lists of ques-
tions went out in 1936 to each echelon—
the Office of the Chief Signal Officer, the
New York and Chicago Procurement Dis-
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tricts, the signal sections of the New York,
Chicago, and San Francisco General
Depots, the corps area signal offices, and
the signal sections of corps area supply
points. For Wire W-110, for example, the
questions included these:

Which items procured by other supply
arms and services must be considered in pro-
curing Wire W-110?

What will be the procedure, if any, to in-
sure the required flow to manufacturers of
manganese, rubber and tin required for Wire
W-110?

What procedure will be followed in plac-
ing contracts for Wire W-110 and . in
making payments therefor?

Have all the facilities capable of fabricat-
ing Wire W-110 or its component processes
been surveyed . ?

Have plans been made so that production
can be shifted from one geographical area
within a district to another . . . ? To another
procurement district?

How much wire is the depot planning to
stock in wartime? Where?

Will this wire be stocked as loose coils, on
reels DR-4, onreels DR-5? What proportion?

How will overseas shipments be made? '**

Procurement planning had gone far in
the years it had been in existence. These
were searching questions, making plain
the extent to which Signal Corps require-
ments were interbound with those of the
rest of the Military Establishment, Ameri-
can industry, and civilian life. They called
up the whole supply apparatus of the Sig-
nal Corps: the depots, the procuring agen-
cies, the overseas suppliers. Planning, in-
deed, revealed that procurement itself was
half planning. The most difficult thing of
all was to calculate the rate. The last
(1933) War Department Mobilization
Plan did not allow enough time for equip-
ping the troop units which it projected. It
was unrealistic in its apprehension of

4% Bush and Manning hist cited n. 129, pp. 62-64.
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engineering difficulties, oversanguine in its
estimate of the amount of war production
to be drawn from an industry far removed
from war.

The only certainty about procurement
was that it was a long process—many
thought too wrapped with red tape to be
able to move at all ***—and the greatest
contribution which planning could make
would be to hasten it. Almost no one then
realized what later experience eventually
proved—that the time lag from drawing
board to end of production for military
electronics equipment is normally from
four to eight years.'*® A schedule for the
SCR-194 showed that four and one-half
years had advanced it only to the edge of
manufacture. Proposed 23 June 1932, the
SCR-194 had traversed various routes of
approval and amendment, service test and
modification, standardization and specifi-
cation, to final authorization from the
Office of the Assistant Secretary on 18
January 1937.'5' Bidding, award of con-
tract, manufacture, inspection, accept-
ance, delivery, and that ultimate test, the
approval of actual use, were yet to come.

More than for any other reason, the
Protective Mobilization Plan was devel-
oped because it promised to speed things
up. The first one was prepared in the
anxiety engendered by the newest Japa-
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nese attack upon China, which followed
German and Italian demonstration of
strength in Spain, which followed Italian
force against Ethiopia, which followed
Japan’s Manchurian conquest at the out-
set of the decade. Assuredly, there was no
want of urging for planning. Whether a
new approach would produce good results
remained to be seen. In any case, the
years devoted to predecessor plans were
far from wasted. If the work on the new
basis was as valuable, it would produce
priceless knowledge of methods and tech-
niques, priceless experience in computing
requirements, gauging sources of supply,
revealing possible shortages in materials or
components, and estimating facilities
which would be depended upon for manu-
facture. The ultimate value of two decades
of procurement planning would lie not in
perfected blueprints, ready instantly to fill
the breach when the emergencies were
proclaimed, but in the men it had trained.

149 Brig Gen Alfred W. Marriner, USAF Ret,
ruefully made this point in an.interview with the
author, New York, 12 February 1950.

150 A conservative estimate allowing two to four
years for development, one to two years from develop-
ment until production begins, and one to two years
for completion of production. MS Comment by Maj
Gen Roger B. Colton, Ret., 14 Sep 53. SigC Hist Sec
File.

151 Hausmann study cited n. 141, Pt. III, p. 79.



CHAPTER III

The Scope of the Signal Corps

The Chief in Office

For a Chief Signal Officer between wars
to suppose what his Corps might be at full
reach and range took an act of the imagi-
nation. From 1924 to 1937 General Saltz-
man, General Gibbs, General Carr, and
General Allison spanned a period when
neither World War I nor World War 11
was close, yet all of them were expected to
know their service not only as it existed
but also as it ought to exist for a major
conflict. The circle of their fiscal yearly
duties was concentric to a larger circle
which they could only guess at. Every-
thing they did might shorten or extend the
radius. Each Chief followed in a kind of
episcopal succession derived from the past
but deferring to the future; each in turn
took his place at the head of an agency
which had antedated him far enough so
that he could not mold its dogma but
which would also postdate him in assign-
ing his acts to the body of permanent
tradition. The primary charge laid upon
each of them was to act in terms of what
might lie ahead, because if war material-
ized, the nebulous outer limits would
become real.

It is not surprising that the constricted
limits they worked in appeared sometimes
to be the whole reality. The Chief himself
could often give his time in office an im-
portance it did not actually have, to the
extent of his awareness that he had been

set in place to hold the organization
together and to advance it if circumstances
called upon him to do so. Maj. Gen.
George S. Gibbs was of this sort, a man of
capacity whose career matured at a point
when there was least for him to do. Both
the recollection and the prospect of a war-
time Signal Corps being uppermost in a
good Chief Signal Officer’s administra-
tion, the guiding principle was conserva-
tion, retention, preservation. Empire
building might well have been easier by
comparison. Maj. Gen. Charles McK.
Saltzman even found himself obliged to
deny the assertion that the Military
Establishment was ‘“standing by in idle-
ness and wastefulness.”' He met this
threat, and turned to the next, where
“One and Two Per Cent Clubs,” economy
devices of the Coolidge and Hoover ad-
ministrations, were demanding that he
pare the skin from a budget which he felt
had already lost its flesh. Both he and his
successor, Gibbs, made the cuts, but they
both put the equivalent amounts back
into their budget requests for the ensuing
years.” Gibbs also balked at a proposed
sale of the Washington-Alaska Military
Cable and Telegraph System; and he re-
organized the whole administrative struc-
ture of his command so that he could leave
it, he hoped, well decentralized the better
* CSigO, Annual Report, 1926, p. 1.

2 CSigO, Annual Report, 1926, App., pp. 68-70,
and Annual Report, 1927, App., p. 23.
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to resist the onslaught of either Congress
or war.

To take care of the responsibilities
charged to the Chief, his office was usually
arranged in four divisions: Personnel, Re-
search and Development, Supply, and
Special Service, the latter including such
miscellaneous activities as the photo-
graphic, pigeon, and meteorological serv-
ices. Little change in this basic organiza-
tion took place in the 1920’s; the principal
one was that General Saltzman organized
a Training Division apart from Personnel.?

During the fiscal year 1930, however,
something of a real reorganization was
undertaken by General Gibbs. Declaring
in his annual report for that year that he
had wanted to make the Office of the
Chief Signal Officer a genuine “head
office,” he explained that he had “central-
ized supervision and decentralized opera-
tion” by closing the Washington, D. C.,
signal depot and moving four laboratories
to Fort Monmouth.* Current purchasing
had already been shifted to the procure-
ment districts; and Monmouth was well
established as the center for training.
Gibbs’s small Washington headquarters of
twenty-one officers and fifty-three civil-
ians stepped out of the general organiza-
tional pattern of the 1920’s and into one
which lasted a comparable time in the
1930’s. It comprised the Personnel, Re-
search and Development, Supply, and
Training Divisions, added Plant and
Traffic, for the administrative communica-
tions duty, and made photography and
meteorology into separate divisions by dis-
solving the old catchall, Special Service.
With these seven divisions the Office of
the Chief Signal Officer continued up to
the end of the decade and the threshold of
the new war. Then, under expansion, the
peacetime pattern served like a basic blue-
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print. The double scope of the Signal
Corps between wars, the daily challenge
to a Chief Signal Officer of those days to
see his organization as acorn and oak at
the same time, could scarcely have ma-
terialized with more force than actually
did develop. A dozen small and quiet field
agencies grew to over four dozen which,
although dependencies, were often as
large as their progenitors of the 1920’s and
1930’s; and the Office of the Chief Signal
Officer alone reached a size greater than
the Washington and field activities
together had once been.

The December 1929 reorganization an-
ticipated the larger view by its redesigna-
tion of the Training Division as the War
Plans and Training Division. Actually, its
principal work continued to be training.
It was responsible for the program of Sig-
nal Corps interrelation with ham radio
enthusiasts.® It scheduled the special one-
year assignments of officers who studied at
the Massachusetts Institute of Technology,
the Harvard Graduate School of Business
Administration, the Yale Sheflield School
of Electrical Science, at other universities,
in Los Angeles with the moving picture
industry, at the Command and General
Staff School and Army Industrial College,
and with the division itself in the Signal
Intelligence Section—all as part of the
very real trend to specialize the officers of
the Signal Corps. For want of anyone else
to do so, it supervised the instruction of
pigeons as well as of human beings. In the

? Courtney R. Hall, The Development of the Office
of the Chief Signal Officer, Pt. I: 1917-43, p. 50. SigC
Hist Sec File.

* CSigO, Annual Report, 1930, p. 2, and accompany-
ing orgn chart.

¥ (1) Maj. David M. Crawford, “The Army Ama-
teur Radio System,” Signal Corps Bulletin, No. 47
(March, 1929), pp. 39-45. (2) AARS Revised Gen
Plan, pars. 2 and 5, and AARS Regulations, Secs. I,
VI, VII, VIIIL.
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School and Literature Section, the division
concerned itself with the revision of past
training doctrine and the formulation of
new doctrine; extension courses were one
of its innovations which the Army gener-
ally adopted. There were never as many
as a dozen civilians, including those work-
ing at codes and cryptograms, in the War
Plans and Training Division, and the
whole complement of officers was three,
then four, then five, and ultimately seven
by 1937.Maj. David M. Crawford was the
first officer in charge; Maj. Spencer B.
Akin succeeded him in 1932 and Maj.
William S. Rumbough followed Akin in
1935.°

The reorganization plan also moved
fiscal duties up to the Executive Office.
There the Fiscal Section devoted itself
primarily to the budget, a process man-
aged over a range of at least three years.
If, for example, the Research and Devel-
opment Division and the Laboratories
were readying a program, the prepara-
tions were not for the current fiscal year
nor even for the next but for the one after
that. In the last six months of 1934, Major
Blair, Maj. Hugh Mitchell, and others
projected the fiscal year 1937 development
program. By 1 January 1935 they were
ready with two sets of estimates, maxi-
mum and minimum figures, which they
had discussed with Maj. Stewart W. Stan-
ley, chief of the Fiscal Section and which,
through him, they were prepared to de-
fend before the G-4 Division of the Gen-
eral Staff. G-4 then reached a compromise
figure which General Carr, the Chief, for-
warded to the War Department, his own
officers being obliged to defend it again,
item by item. This stage resulted in an-
other calculation, which went into the
War Department budget and, in August,
was presented before the Bureau of the
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Budget. Having been approved there,
with further modifications, it came before
the Appropriations Subcommittee of the
House of Representatives and finally, in
early 1936, to the floor of Congress. De-
bate in each house and Senate-House
conference preceded its passage and its
signature by the President. Then it became
official and, on 1 July 1936, took effect as
a part of the fiscal year budget for 1937.

As a matter of fact, the Signal Corps’
1937 appropriation marked the end of the
era of impoverishment, for before that fiscal
year ended the total reached $5,587,357."
A large part of it, however, went toward
the intensive program to put radio in
every military airplane. Only a fifth went
to the communications mission, a seventh
to the pay of civilian employees, and in
every case except the special expenditure
for the Air Corps the Chief Signal Officer
and his staff could use the funds only ona
monthly basis.® If a telephone construction
project were to cost more than one twelfth
of the total amount appropriated for tele-
phone construction projects, it would have
to wait until enough money for it accrued.
This sort of arrangement set limits to ad-
ministration which no Chief Signal Officer
of the period could escape. It heightened
the importance of routine, of detail, of
slowness to take action. The Army between
wars was not a big business, but an enter-
prise conserved for bigness, its agents
trustees for a critical and universal public.

¢ Capt Frederick Reinstein, The Development of
Military Training Branch, OCSigO, 1929-1945, pp.
2-7. SigC Hist Sec File.

? CSigO, Annual Report, 1937, p. 1. Part of the new
accretion of funds reflected the appointment, two
years before, of Gen. Malin Craig as Chief of Staff.
General Craig had lent personal support to the in-
crease because he especially valued communications.

¢ Ltr, CSigO to Sig Officers All Corps Areas and
Depts, 2 May 36. SigC 676.1, Jan 25-Dec 39.
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All procedure had to be standardized, and
co-ordinated with the standardized proce-
dures of other agencies.

Suppose that the Chief of Cavalry
wanted the Chief Signal Officer to pro-
vide him with a radio which troopers
could mount upon guidon staffs.” He first
offered a tentative description of its mili-
tary characteristics agreed upon by his
service board. The Signal Corps Technical
Committee reviewed these and passed
them on to G-3 and G-4. The concurrence
of these staffsections permitted the item to
appear in the budget requests for the en-
suing fiscal year, to pass through the
channels just described.

With the appropriation in hand, the
Chief Signal Officer assigned the project
to one of the Laboratories or to a com-
mercial organization. Thereupon the de-
veloping laboratory started a test model,
sending in monthly reports the while.
With the model in hand, the Signal Corps
and the Cavalry, together with the Infan-
try or any other component also inter-
ested, conducted a service test, the reports
of which, after a month or a year, found
their way back to the laboratory or the
business firm, so that the design might
incorporate all modifications called for.
The project engineers tested the redesigned
model and, if the alterations were satisfac-
tory, the Signal Corps Technical Commit-
tee recommended that the guidon radio be
standardized for production. With the
Office of the Assistant Secretary of War
supervising the scheduling, a basis of issue
would be determined from the needs of
the Cavalry and the plans of the General
Staff. The stage of final specifications then
would arrive, although not without thor-
ough discussion, including suggestions
from industry; and at last the Signal
Corps could invite bids, let the contract,
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follow the item through its manufacture,
pay for it, and issue or store it according to
the requisitions made.

Next to getting money, the great prob-
lem for these Chief Signal Officers was
getting personnel. The effect of horizontal
or across-the-board cuts, as often as not at
a time when the duties were doubled, was
to close out all hope of promotion for years;
as a result, some civilians and many en-
listed men whom the government had
spent thousands of dollars to train took the
first opportunity to leave.

In 1927, the 2,165 enlisted men in the
Signal Corps, representing 1.8 percent of
the enlisted strength of the Army, were
distributed not only in the United States
but also in Alaska, the Canal Zone, the
Hawaiian Islands, and the Philippines.
The greatest number, 864, was assigned to
the 11 signal service companies in the
United States and the next largest, 530, to
the remaining tactical organizations within
the continental limits: that is, to the 51st
Signal Battalion, the Ist and 2d Signal
Companies, and the 1st Signal Troop. The
Hawaiian garrison took 320 men, Panama
215, Alaska (for the cable and telegraph
system) 187, and the Philippines 63. Sixty
percent of the assignments were to the Sig-
nal Corps’ administrative, or at any rate
nontactical, functions.

Ten years later, in 1937, the distribu-
tion of enlisted strength was unchanged:
60 percent administrative, by this time
assigned in 14 signal service companies,
and 40 percent tactical, now not only in
the 51st Signal Battalion and the 1st Sig-

® The reality that grew out of this supposition was
the SCR-511, although by the time it emerged for
general use there was no longer any thought of carry-
ing it on horseback. Hist Sec E&T Divs OCSigO, His-
tory of Signal Corps Research and Development in
World War II, 1945-46. Vol. VIII, Pt. 2, Proj 814-B.
SigC Hist Sec File, :
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nal Troop but also in 6 (rather than 2)
signal companies and the new provisional
Radio Intelligence Company. A 1,200-
man increase which had come about dur-
ing ten years was confined almost entirely
to the continental assignments, leaving
the garrisoning overseas little altered. For
Hawaii there were 340; for Panama, 250;
for the Alaska Communication System
(and this did include the men stationed at
the Seattle headquarters), 185 where there
had been 187 a decade before, and for the
Philippine Islands, 60.°

Officers were a more stable force. Rank
carried attributes of social acceptance and
authority which made all the difference in
choosing whether or not to stay with a
military career. In the long economic de-
pression this intangible influence melted
before the more telling desire just to hold
a job. Then there were fewer resignations.
A study completed in 1936 advanced the
possibility that the Signal Corps would
have a hard time filling up its officer allot-
ment in the decade from 1939 to 1949."
What was expected was that many officers
would reach retirement during those years
and that the Signal Corps would be con-
fronted with the fact that the years of
economizing had robbed it of successors
for them. For there were few opportuni-
ties for young men to enter the corps of
Regular Army officers during the years
when the World War I officers were still
thoroughly active and filled all the places
allowed except a few at the bottom for
each year’s West Point graduates. The
Signal Corps was a popular choice at the
academy, and because of its technical
exactions was likely to secure cadets from
the upper scholastic levels, but it was not
enough that this was the case.

Until the Thomason Act '* was passed
in 1935, no new officers came in except by
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transfer from other branches or from the
Military Academy, and even under the
new legislation only one or two men a year
could be beckoned from civilian life. At no
time between the wars did Signal Corps
officer strength reach the authorized 300.%°
In July 1937 General Allison was asked to
submit “some feasible plan that would
permit a decrease in the number of Signal
Corps officers on duty in the District of
Columbia without impairing the efficiency
of the Office of the Chief Signal Officer.” **
In view of the fact that there were then
only 21 officers on the Washington staff,
and only 265 in the entire Corps, Allison’s
opposition to the proposal can be imag-
ined. He had only just got through recom-
mending that his supply of officers be
increased by 54.'°

The Regular list always looking too
short to them, the Chief Signal Officers
maintained a commissioned Reserve by
means of Affiliated Plan arrangements
and Reserve Officers’ Training Corps
units. For most of this period the roster
totaled between 2,000 and 2,500 names.'®
Some training of Reserve officers was
undertaken at Fort Monmouth during the
summer encampments of the Citizens’
Military Training Corps, 412 appearing
for this duty in 1928. Signal Corps ROTC
units were located at the Massachusetts,
Carnegie, and Georgia Institutes of Tech-
nology, Cornell University, and the state

10 CSigO, Annual Report, 1927, App., pp. 19-20, and
Annual Report, 1937, p. 2.

11 CSigO, Annual Report, 1936, p. 1.

12PL 408, 30 Aug 35, 74th Cong. See also WD
Bulletin 9, par. II, 22 Oct 35.

'3 Capt Wilson G. Burden, Mil Pers Br OCSigO,
Signal Corps Strength, Nov 45, p. 8. OCSigO Career
Management File.

1 Ltr, ASW to CSigQO, 8 Jul 37. SigC 322.08 Gen.

5 Ltr, Gen Allison to CofS, {7 Mar 37, sub: SigC
troops. In same file.

¢ Burden study cited n. 13, p. 10.
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universities of Ohio, Michigan, Illinois,
Wisconsin, and Minnesota. These were
the principal source of Reserve officers,
producing 156 second lieutenants in a
typical year, 1928.""

By a well-established arrangement a
large share of the officers in the Reserve
came from the communications industry,
especially from the operating rather than
from the manufacturing companies. It was
perfectly natural that a communications
agency should find its officers among com-
munications men. Certainly one would
expect Reserve chaplains to be clergymen,
and in a profaner sphere the Signal Corps
was quite as specialized. In the same way
that the medical departments of the armed
services answered to the American Medi-
cal Association, so, although to a less
marked degree, the American Telephone
and Telegraph Company and the Radio
Corporation of America had a prominent
position in the Signal Corps.

Col. Ira D. Hough and Lt. Col. Carroll
O. Bickelhaupt, on temporary active duty
in 1934, prepared a prospectus which rec-
ommended that enlisted communications
specialists be recruited in time of war by a
group of Reserve officers “selected from
the personnel of the four large communi-
cations companies.” The other two were
the Western Union and Postal Telegraph-
Cable corporations; but neither of these
matched the importance of AT &T in wire
or of RCA in radio. Colonel Hough and
Colonel Bickelhaupt proposed that thirty-
six of thirty-eight recruiting officers be
Reservists from the telephone and tele-
graph system, and allowed radio one in
New York and one on the Pacific coast.
Recruiting from the 6,000 or more “so
called independent telephone companies,”
they said, “could and probably would be
handled through the Bell Telephone Com-
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panies with which they are connected.” '*

If businessmen thus proposed partial
control of the supply and assignment of
Army personnel, Army men were com-
parably willing to have it so. Private
industry could place its officials in the
Reserve and the Army could encourage its
Regular officers to be businessmen. A Re-
servist could be a businessman in olive
drab and a Regular a soldier in a grey
flannel. At about this same time Major
Rumbough, for example, although nota
businessman-officer,'® recommended that
the radio course be divided into three
periods so that student-officers might
spend the middle stage working for RCA
or Mackay, in association with the RCA
or Mackay Reservists.*

Both sides were at pains to make certain
that the public did not become aware of
any agreement between them in the mat-
ter of mobilization, but the interrelation-
ship between the Signal Corps and the
giants of the commercial communications
networks was fundamental to any Chief’s
administration.?' The Signal Corps Labo-
ratories, as has been pointed out, were in
frequent connection with the Bell Labora-
tories. Both military and civilian person-
nel attended schools of the Bell System.**
Manpower and industrial mobilization
planning was necessarily based upon com-
mercial capacities. Military expansion
mnnual Report, 1928, p. 17.

18 Col Ira D. Hough and Lt Col Carroll O. Bickel-
haupt, Signal Corps Enlisted Communications Spe-
cialists Requirements for a Major Emergency, 20 Apr
34. Personal file of Bickelhaupt.

1% In retirement after World War 11, he became
principal of the Falls Church, Virginia, high school.

%0 Ltr, Maj Rumbough to CSigO, 12 Oct 36, sub:
Practical radio course for officers. SigC 352.11
Gen 2.

2! Ruth Sadler, Mil Pers Br OCSigO, History of
the Signal Corps Affiliated Plan, Aug 44, p. 17. SigC

Hist Sec File.
22 CSigO, Annual Report, 1928, p. 18.
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yielded to commercial priority in setting
up the terms and conditions under which
War Department facilities were provided
with such special services as long lines and
teleprinter networks, the Signal Corps
ordinarily fulfilling that half of its mission
which pertained to domestic communica-
tions by leaving them in the hands of the
private companies.?® And commercial
communications men crossed back and
forth into the military preserve, military
men into the commercial —General Gibbs,
for example, having become the executive
head of Postal Telegraph—in a way which
blurred the demarcation line between
them.

To umpire communications after the
model of the Interstate Commerce Com-
mission’s authority over transportation
facilities, Congress created the Federal
Communications Commission in 1934.
Hitherto jurisdiction over domestic com-
munications had been shared by the ICC,
the Post Office Department, and the
FCC’s predecessor, the Federal Radio
Commission, which dated from 1927, and
to which still another chief signal officer,
General Saltzman, had been appointed.
All forms of domestic communications
now were brought under the supervision
of the new agency. In many aspects of his
work a Chief Signal Officer came into
contact with the FCC, usually at second
hand but nonetheless with registered
effect. The frequencies which he reallo-
cated throughout the using components of
the Army he received from the commis-
sion. Equipment developed in the Labo-
ratories conformed to airport control allot-
ments or to standards approved by the
commission. The amateur radio operators
upon whom he depended for an initial
source of skilled manpower were licensed
by the FCC. The Alaska Communication
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System made direct recommendations to
the commissions on all applications for
service in the northern territory.>* New
developments like frequency modulation,
so vital to military communications, were
repeatedly examined and arbitrated before
the commission.

As a rule, the Chief Signal Officer acted
or was instructed in such matters through
representation on a variety of boards and
committees designed to deal with them. It
was through the Interdepartment Radio
Advisory Committee that General Allison
participated in the 1937 hearings before
the Federal Communications Commission
which ultimately reserved 43 percent of
the 30-300 megacycle band for govern-
ment television use.?® Consultative agen-
cies existed on international, national,
interdepartmental, joint Army-Navy, and
interservice levels as well as within the
Signal Corps commanrd itself, where the
Chief had the Signal Corps Board and the
Signal Corps Technical Committee for
expert counsel. For the Signal Corps Tech-
nical Committee, the chairman and vice-
chairman were the chief and assistant
chief of the Research and Development
Division. In a similar fashion, the com-
mandant and assistant commandant of
the Signal Corps School were the two first
officers on the Signal Corps Board, which
made up its membership with three, four,
or five other Signal Corps officers. The
board had its headquarters at Fort Mon-
mouth and was probably the most impor-
tant of all the committees and boards at

** E.g., 1937, Agreement Between the War Depart-
ment and the American Telephone and Telegraph
Company. SigC 676.1 WD Agreement.

24 Fifth Annual Report of the Federal Communications
Commission— Fiscal Year 1939, pp. 3, 6, 68, 81, 83.

25 A decision which drastically affected the FM de-
velopment discussed in pages following, especially

(Chapter V1]
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the disposal of the Chief Signal Officer;
whenever he directed it to do so, it under-
took cases which concerned equipment,
method, organization, or any other sub-
ject which required its deliberations.

To improve his knowledge of the prob-
lems and demands of his fellow services,
General Allison added 2 Communication
Liaison Division to his office in 1936, a
move prompted by aviation, the new force
in warfare. The principal problem of the
Communication Liaison Division was to
get frequencies for this growing arm of the
service, whether for the GHQ Air Force,
the various wings, or the Aircraft Warning
Service. The Communication Liaison
Division made a fresh start in fields which
were also formed in the Interdepartment
Radio Advisory Committee, the Commu-
nication Appliances Committee of the
Army and Navy Munitions Board, the
Joint Army and Navy Board, and the vari-
ous technical committees of other branches
of the service. On most of the technical
committees—Quartermaster, Engineer,
Medical, Chemical Warfare, Ordnance,
and, most important of all, Air Corps—the
Signal Corps had membership. All were
intended to reconcile the interests of the
various arms which were concerned with
the developing of equipment. At top eche-
lons, the Army and Navy Munitions
Board and the supreme war planning
agency, the Joint Board, called upon the
Chief Signal Officer and his staff and
agencies for both the seeds and the fruits
of his administrative direction.

Outside the Military Establishment the
Chief’s connections thinned but neverthe-
less led to other departments of govern-
ment, to the Congress, to the scientific,
engineering and industrial worlds, and to
international relations. In the period when
accords on many subjects were growing
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out of the Hague Conference and the
League of Nations, the Chief Signal Offi-
cers sent one or another member of their
staffs, most frequently Major Crawford, or
went themselves, to meetings in foreign
capitals. From the preliminaries in Wash-
ington, in 1920, of the International Con-
ference on Electrical Communications and
from its Provisional Technical Committee
discussions in Paris the next year, there
followed a series of congresses in Rome,
Brussels, The Hague, Copenhagen, Ma-
drid, Lisbon, Bucharest, and other cities.
Inter-American relations produced simi-
lar meetings in the capitals of the Western
Hemisphere. To most of these the Signal
Corps sent a delegate.

Pictorial Communication

Thus from the details of their immediate
suite of offices to the world panorama of
communications, General Saltzman, Gen-
eral Gibbs, General Carr, and General
Allison pursued the interests and assign-
ments of their position. Their main busi-
ness was always communications, the
large segments being research and devel-
opment, training, planning, supply. The
smaller segments were such interests as
photography, cryptography, meteorology,
pigeons. Any of these was aside line, a fact
which underscores the change in the Sig-
nal Corps which World War II was to
produce, for no one of them could have
been called a side line after that war was
over. Pigeons practically disappeared from
military use; meteorology, transmuted into
“sferics,” became a major concern of sci-
ence; and the other two activities were so
raised up to and merged with the main
function that they were no longer adjuncts
to communication but veritable forms of
it. Cryptography looked odd in the prewar
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world but perfectly natural in the general
secrecy of the mid-century, when commu-
nication was as often cryptic as clear.
Photography promised to become the
most immediate form of all, short of
speaking to a man face to face. Develop-
ment of facsimile and television to a point
where transmission of a scene was possible
at the moment of its occurrence might all
but undermine writing, and return the
human race to the use of pictures.

Although facsimile and television were
much farther along than the general pub-
lic realized, so long as the communica-
tions industry held back their develop-
ment, in effect they had no practical exist-
ence for the Signal Corps. Photography
was limited to the indirect forms of com-
munication, and for military purposes
these were associated with minor func-
tions or with major functions in a minor
way. Publicity and record were the minor,
intelligence and training the major. Chief
Signal Officers were curators of a large
collection of still pictures assembled from
photographs made by the Corps of Engi-
neers, the Medical Corps, the Air Corps,
the commercial news services, civilian
government organizations, and the Signal
Corps itself. These interservice pictures
provided detail upon hundreds of items of
equipment, especially for illustrations of
technical manuals, supply catalogues, and
film strips, and stored up a mass of source
material for G-2 analysis.

The Signal Corps’ own pictures, the
bulk of the collection,?® had followed the
tradition of Mathew Brady through the
1917-1918 war without loss of artistry or
significance. As time replaced the imme-
diate shock of these photographs with the
poignancy of remoteness, it became evi-
dent that they were a national record of
great value. World War I was the first

79

conflict to be photographed widely with
the motion picture camera as well, and
not only did the results aid combat intelli-
gence and stimulate pictorial instruction
but they also brought cinema audiences
close to the sight of battle for years after
the Armistice. Nevertheless, although the
Signal Corps’ files of historical still and
motion pictures had permanence, change
often reduced their importance, especially
for G-2 use. Technical photographs were
outmoded by technical advances. Photo-
graphs taken in the name of publicity and
morale were the most ephemeral of all;
when their occasion was past, they became
either waste paper or dead items in the

record file.
With the end of World War I and the

return from France, the war-trained
photographers and laboratory technicians
vanished into civilian life, leaving only a
small staff in Washington, a cameraman
or two for each corps area, and a unit on
duty at the Signal Corps School. A mere
remnant retired to Washington Barracks;
and nothing could illustrate the pinch of
postwar retrenchment more than the fact
that the Signal Corps Photographic Lab-
oratory building there, designed for three
stories, leveled off at two in 1919. The new
training program dwindled to a single
course in still photography, which was
periodically crowded from the curricu-
lum.?” In 1927, reinstating the course after
a lapse, the Signal School made the at-
tempt to teach the elements of both still
and motion picture photography in four
months, but obliged its instructors to
ignore the existence of the new sound

26 Including the transparencies for color prints,
which Maj. Edgar Russel had made in 1910.

27 Signal Corps Bulletin, No. 35 (August, 1926),
p. 50.
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techniques until the next year, when the
school was able to double the time of
study and add a lecture series in the
theory of sound pictures. Graduates spent
a few more months at the laboratory in
the Army War College and then were as-
signed to corps areas or departments.

Demands for photographic service
mounted slightly as the facilities for it de-
clined. In 1925 the Signal Corps was
ordered to be the Army’s outlet for all pic-
torial publicity.?® The Photographic Divi-
sion of the Office of the Chief Signal
Officer opened an agency in New York
City to deal with the press but was never
in a position to be effective. Requests also
came in for new training films, the dis-
tance from World War I having made the
old ones absurd. In 1928 the War Depart-
ment designated the Signal Corps as the
producer of these films and set forth the
procedures for them but stopped short of
allocating funds.

The motion picture industry’s invest-
ment in silent pictures had been jeopar-
dized by the sudden appearance of talkies.
Before they converted production to all-
talkies, however, the large companies
were dubbing in sound effects and dia-
logue and issuing the patchworks which
resulted. Taking a leaf out of their book,
Capt. Alonzo P. Fox of the Signal Corps
Photographic Laboratory contrived to
purchase two sound projectors and bring
a few of the old silent films up to date.
Naturally, the result was a makeshift, par-
ticularly awkward because the projectors
had to be cranked at a steady rate of
twenty-four frames a second to correspond
with the normal speed of talking, whereas
the projection rate for the silent film was
sixteen frames.

The next step was to make new films,
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devised from the outset for sound. In 1929
there was money to hire a commercial
agency. Fox Movietone News owned a
truck that seemed suitable and, as an ex-
periment, was engaged to produce a trial
motion picture of Infantry maneuvers at
Fort Benning, Georgia. The Fox equip-
ment was not so mobile as it had been ex-
pected to be, however, and took all shots
and managed all effects from the observa-
tion post alone. Inevitably, the maneuvers
maneuvered out of sight and the commer-
cial cameras ground away at scenery. The
Signal Corps cameramen pursued the in-
fantrymen on foot, and later the techni-
cians interwove the successful parts of the
two versions; but temporarily the Photo-
graphic Division abandoned the idea of
producing training films by commercial
contract.”®

Yet it was obvious that Signal Corps
photography would have to be dependent
upon the film industry. Even if the Lab-
oratory had been able to acquire fine
equipment, there were no photographers
prepared to cope with its complexities,
and the Signal Corps School was incap-
able of instruction in them. G-3 could
promise no more than one or two hundred
dollars for tuition at any trade school to
which the Signal Corps might send its
officers.®® Subsidization would have to be
sought elsewhere. In the Research Coun-
cil of the Academy of Motion Picture Arts
and Sciences the industry had an agency
which could sponsor just such arrange-
ments. The Army had been lending itself

2 WD GO 26, 30 Dec 25.

29 Tnterv with Willard W. Jones, Special Proj Br
E&T Div OCSigQ, 2 Mar 48.

30 Memo, Maj Crawford for Pers Div OCSigO, 15
Jul 30, sub: Photographic courses. SigG 352.11 Photo-
graphic Courses.
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MOTION PICTURE CAMERA CREW photographs a sequence for a training film at

Fort Benning, Georgia.

to a succession of boy-gets-girl films with a
military setting, and had reason to hope
for reciprocal relations.** Confronted by
Lt. Col. Walter E. Prosser with a request
to sponsor Signal Corps officers for annual
photographic training in Hollywood, the
Research Council agreed to do so. It paid
for the training from funds contributed by
the Association of Motion Picture Pro-
ducers of America, and in the fall of 1930
Capt. Frederick W. Hoorn went to the
west coast, the first of seven officers thus
scheduled.?*

With its first sound camera, an RCA
product, the Signal Corps, in April 1933,
undertook its first feature-length produc-
tion in sound. That the film should justify
the $3,300 expense of the new equipment

was important. For this reason, the Picto-
rial Service decided to capitalize upon the
experience just past, and to photograph
the infantry at Fort Benning again. The
picture became TF-13, Signal Communi-
cations Within the Infantry Regiment,
and except for the problem of maintain-
ing uniform density and for a new
difficulty that manifested itself in the
processing (the racks and tanks which had

3 In D. W, Griffith’s America, not of this type but
one of the most ambitious historical films of the
period, Maj. Jonathan M. Wainwright appeared
briefly, many years before taking the central role in
the Corregidor drama.

32 Summary Report on Photographic Activities of
the Signal Corps Since August 4, 1941, in the Fields of
Motion Pictures and Visual Aid, 26 Feb 43, pp. 374-
76. SigC APS Div TFile.
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served well enough for 16-millimeter film
required that the new 35-millimeter strips
be cut, developed insections, and spliced),
all went well.*®

Subsequently, Maj. Melvin E. Gillette,
returning from the Hollywood course to
resume the directorship of the Photo-
graphic Laboratory, was able to get funds
for machines which performed the devel-
oping and printing under automatic con-
trols of time and temperature. He also se-
cured a special-effects printer by means of
which the laboratory could produce dis-
solves, fades, and trick shots.?*

Because many of the training films of
these years were taken not in a studio, but
out of doors, control of sound was labori-
ously learned. “Progress in this activity is
necessarily slow,” said a contemporary
statement.®® “The whole field of educa-
tional talking films is a new one, with little
material available as a guide in methods
of presentation.”” The technicians had to
discover how to shut out the whistling of
the wind or the chirping of birds and
where to catch the noise of cannon fire.**
Gradually they became sufficiently famil-
iar with the mechanical processes to spare
more time and thought to the substance
of the narrative.

In response to continuing demand for
training films, the War Department set a
yearly production rate of twenty. Al-
though this number was so modest that it
allowed for barely one to an arm or serv-
ice, the Signal Corps had not produced so
many in ten years, let alone in one. Rather
than ask the laboratory to take on such a
program of field work, Major Gillette, by
this time the officer in charge of the
Photographic Division, went to Fort Mon-
mouth to organize and head a Training
Film Field Unit, the first of the sort, in
June 1937.%" To discharge a central duty
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of photographic communication, he had a
staff of three enlisted men and one
civilian.3®

Communications Contradictions

The concealed nature of major areas of
Signal Corps work, notably in research
and development, prevented them from
being fully weighed and estimated, and
rendered the whole scope somewhat indis-
tinct. A diffused impression also arose
from the addition of apparently unrelated
assignments which blurred the outline of
the main mission. There was indeed a lack
of cohesiveness in a mixture which tum-
bled photographs and pigeons, secret inks
and weather balloons in with communica-
tions, and advocates of neat spheres of ad-
ministration could object that a Chief
Signal Officer’s responsibilities were too
diverse. The administrators themselves,
however, found that the most burdensome
anomaly of all still derived from this para-
dox: that while the past war posed the
problems the next held the answers. The

33 The cast included lst Lt. Claude B. Ferenbaugh;
among other assignments, he held that of postwar
commanding general of the Military District of Wash-
ington.

3 Major Hoorn devised an improvement upon
which the Signal Corps sought a patent until inter-
vention by the Eastman Company led to its abandon-
ment. His method endeavored to substitute continu-
ous for intermittent motion of film, as it passed
through the aperture of the projector. If it had been
successful it would have resulted in a much wider
range of images and in great optical accuracy, an ad-
vantage of importance to scientific work like that per-
formed in the Signal Corps Laboratories. SigC File
072 [Patents] Hoorn, Maj Frederick W., 29441.

3 CSigQO, Annual Report, 1932, p. 31.

36 At the point of reverberation, not at the muzzle of
the gun, although the finished production would make
the roar simultaneous with the belch of smoke.

7 Notes. SigC Hist Sec File.

3% Fort Monmouth: An Qutline of the Principal Ac-
tivities of the Only Signal Corps Post, p. 17. SigC
Hist Sec File.
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fact that their fellow chiefs of other arms
and services labored under the same un-
certainty made it no easler to solidify.
World War I lived on, World War II was
yet inscrutable.

Thus at the same time that the Signal
Corps was supposed to be modernizing
itself to serve the new mechanized Army,
it was also supposed to maintain an Army
Pigeon Service. To think simultaneously
in terms of vehicular radio and a formula
for mash required more flexibility than
the average administrator was willing to
attempt. Yet both were a part of a Chief
Signal Officer’s domain; and who was to
say either that vehicular radio would be
possible or that birds would be outmoded
in the communications of a war to come?
Homing pigeons belonged to an earlier
tradition as much as the Army mule and,
in a small way, were as persistently
laughed at, yet made a very good agent
of communication, as reliable as many
and more discreet than most. The Army
mule was not to be wholly displaced by
mechanization; nor was the pigeon.

The basic contradiction was to be ob-
served in other areas. In radio intel-
ligence, for instance, a table-of-organiza-
tion unit was at last authorized in 1937,
but was unprovided with modern equip-
ment and therefore limited to much that
was obsolete. Again, although an Aircraft
Warning System represented a firm look
into a risky future, and radar, which
would give it substance, was already at
hand, so long as aircraft warning was con-
ceived in terms of fixed continental posi-
tions it was also characterized, so far as
the Signal Corps was concerned, by con-
ventional fixed wire. This persisting para-
dox deserves closer illustration.

After the Armistice in 1918, 35 of 110
Signal Corps pigeon lofts remained in op-
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eration. General Squier authorized the
expenditure of five thousand dollars to re-
plenish and improve the stock, and the
Pigeon Breeding and Training Center at
Fort Monmouth bought, through the
chief of the British pigeon service, 150
pairs of the best European strains and
bred them with 200 good specimens re-
tained from the war. Five thousand dol-
lars was a considerable sum to spend all at
once upon any form of communication,
and if pigeons were to go out of date the
expenditure would be hard to justify. If
they were not to be any more out of date
than the bayonet or the steel helmet, a
communications chief would be rash not
to keep them in force. In any case, pigeon
communication remained a part of the
Signal Corps’ charge, and in the next two
decades the quality of the birds improved
steadily. Such money to spend on them,
though, was not available again. The
number of lofts dwindled to sixteen in
1928 and to eight in 1938.%° The entire
Army Pigeon Service consisted of a dozen
enlisted men, who were stationed at Forts
Monmouth, Benning, and Sam Houston,
and in the Canal Zone, Hawaii, and the
Philippines. Fanciers and racing enthusi-
asts made a very large civilian public, but
for military communication ‘‘pigeoneer-
ing”’ lapsed into obscurity. The airplane
as well as the radio made pigeons look ill-
suited to the era.

When early Kelly Field pilots had
taken them into the cockpit on training
flights from San Antonio to Austin, the
birds could deliver messages calling for re-
lief, the relief could arrive and the air-

39 (1) CSigO, Annual Report, 1942, p. 309. (2) Army
Pigeon Sv Agency, The Homing Pigeon, draft of re-
vision of TM 11-410, 1943; (3) SigC Hist Sec, Military
Use of Pigeons Between Wars, p. 19. SigC Hist Sec
File.
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planes be repaired and on their way by
the time that word could get through by
telephone or telegraph. In the later years,
when cockpits had closed against the
winds of high speeds, when concrete had
replaced grass airfields and beacons and
directional radio guided a pilot, the
pigeon seemed to have no service to per-
form for him. Nor for many others.

A dozen years after the war, the pigeons
at Fort Sam Houston, Texas, having ren-
dered their wartime quarters unhabitable,
the building was razed, and in this case
the birds were moved to empty barracks
which were no newer, but were cleaner.
This transfer was an exception. Ordinar-
ily, as the lofts fell into disrepair they were
not replaced, until necessity developed a
mobile loft—a Chevrolet station wagon
somewhat remodeled, screened, and ac-
commodating fifty pigeons in baskets—
which the 11th Signal Company at Scho-
field Barracks, Hawaii, tried out and ap-
proved in joint Army-Navy maneuvers in
February 1932.4° At that time the cost to
the Army of a Chevrolet station wagon
was $569.92, and the materials to convert
it at the Signal Section of the New York
General Depot amounted to $130 more.
After several months of planning and
some transferring of funds, the Office of
the Chief cleared the way for the expen-
diture and procured two more vehicular
lofts, one for Fort Sam and the other for
Quarry Heights in the Canal Zone. With
this development, the Army Pigeon Serv-
ice reached a peacetime limit. Except for
an unpublicized experiment at Mon-
mouth in breeding birds to fly at night.*!
the status of pigeon communication could
not advance much further.

With radio the opposite held true.
Little used in the 1917-18 war, radio
might be the principal means for commu-
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nication in another. Informed Signal
Corps opinion did not really think so, but
the change of doctrine which brought
about the mobile army created the de-
mand to find out. Certainly communica-
tions would have to keep up with the
troops, no matter how or how fast they
moved. The initial test came in Texas, in
the fall of 1937, when the entire Military
Establishment focused its regard upon ex-
perimental maneuvers there of the new
infantry division. Called triangular be-
cause it assembled a division out of three
regiments, without brigades, rather than
out of four, paired off in brigades, this
organization of a combat division had
been in the mill for many years. General
Pershing had recommended it. The talk
of mobility and the need to streamline the
fighting machine had at last brought it
forward. Staff officers were hoping to re-
duce to 13,500 a combat organization
which in 1918 had numbered more than
28,000.** The signal complement would
be halved from 40 to 20 officers and from
1,000 to 500 men. A great challenge
would lie in assembling replacements
months in advance of any emergency call
for them, because the reduction was what
looked then like an absolute minimum.*

With some anxiety, in view of the
importance of the tests, the Signal Corps
began to ready its only full-strength bat-

40 (1) Memo, Brig Gen Halstead Dorey, CG 2d Div,
for CG Eighth Corps Area, 17 Nov 31, sub: Proj for
pigeon-loft building, with 1st Ind, Eighth Corps Area
to TAG, 5 Dec 31. SigC 454.8 Pigeon Lofts 1, 1917-
Jul 42. (2) Memo, Capt Evan D. Cameron, 11th Sig
Co Hawaiian Div, for CSigO, 10 Mar 32, sub: Rpt on
Chevrolet mobile pigeon loft of 11th Sig Go. SigC
454.8.

#1 8igC Cir 10-4, Wash.,, D. C, | Sep 36, pp. 1
and 4.

¥ Annual Report of the Secretary of War, 1937, p. 6.

43 Signal Corps Information Letter, No. 16 (Janu-
ary 12, 1938), p. 18.
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talion. Typical of the battalion’s circum-
stances was the fact that not a model of
any new radio development, especially in
the short-range, high-frequency, light-
weight versions, was available. The best
that could be done was to convert SCR-
194’s into SCR-195’s and to assemble
some SCR-209’s from components in
stock, a process which yielded seven sets.
In a convoy of fifty-five vehicles, the 51st
Signal Battalion left Fort Monmouth on
21 July 1937, and reached San Antonio on
2 August.** Maj. Stephen H. Sherrill com-
manded the 51st, and Maj. Harry E.
Storms, Maj. Garland C. Black, Capt.
Elton F. Hammond, Capt. Gilbert Hay-
den, and Capt. Robert W. Raynsford were
among other Signal Corps officers on
hand.

The tests were scheduled in three stages.
The first emphasis, through August and
September, fell upon the separate units,
specifically the signal platoons; but most
of the two months passed in close order
drill, parades, inspections, and athletic
contests.*® Training was scarcely more
specific in the second stage, which con-
tinued for two weeks and was devoted to
combat teams, the men being urged to
find “points of cooperation” with each
other. Only in the third period, which oc-
cupied a month’s time, did the new tri-
angular division emerge for trial. Accord-
ingly, the Signal Corps got few answers

1 A History of Fort Monmouth, New Jersey, 1917-
1946, pp. 59-60. SigC Hist Sec File.

* Signal Corps Information Letter, No. 16 (January
12, 1938), p. 19.
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to the question of the proportionate
importance of tactical wire and tactical
wireless.

The Texas tests would have been sig-
nificant, however, if they had done
nothing else than to hint the possibility
that the conduct of communications in
another war might bog down in dormancy
and complaisance. Signal Corps feelings
had been roughened by an Associated
Press statement to the effect that motor-
ization of the Army had made the existing
military communications equipment ob-
solete.*® The official release from which
the story had been written had already
stated much the same thing. Many of the
lessons which Signal Corps officers said
they had learned in Texas were so trivial
as hardly to be lessons at all. Some officers
saw nevertheless that wire, the queen of
World War I combat communications,
was going to have to take a consort for
World War II. Both in front-line and in
mobile communications, where wire
would be left behind and where its secu-
rity systems were slow and cumbrous, there
was a new field for radio. Even beyond
combat communications and into the
need for long-range, secure, and generally
fixed administrative communications,
radio would have a large place. But how
large?

Generally speaking, wire was too well
established for radio to have much oppor-
tunity to compete. Ready at hand as a
prime element in the national defense was
the great commercial wire system, long-
range, apparently secure, and fixed. The
defense of the United States was the prin-
cipal mission charged to the Army,ona
directed assumption that the nation
would be defended on its own soil rather
than across oceans and continents. Aerial
assault, for example, would be intercepted
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at home, with home-based airplanes,
civilian home guards, troops on home
ground. Accordingly a vast communica-
tions system already in existence was an
integral part of defense and basic to the
Signal Corps’ calculations. In these esti-
mates, warning against the approach of
an enemy would require no special com-
munications equipment which could not
be improvised or provided locally.*’

Plans called for a series of observation
posts and information centers along the
national frontiers. Each frontier had been
marked off into sectors, and each of these
was to have its own Aircraft Warning
Service. A sector AWS, in turn, was di-
vided into zones containing an informa-
tion center and ten or twenty observation
posts. Except that the alarm would be
broadcast over commercial radio, the
commercial wire system would serve as
the whole communications net, with regu-
lar telephone service to and from the ob-
servation posts and with leased telephone
and teletypewriter circuits, including tele-
typewriter exchange service, everywhere
else.*®* The networks of the state police,
the Forestry Service, and the Coast
Guard, as well as facilities of railroads, oil
companies, and public utilities might be
auxiliary; for the most part, however, the
American Telephone and Telegraph
Company would provide communications
for the entire national system.

The earliest organized Aircraft Warn-
ing Service exercises occurred under these
proposals at Muroc Lake, California.

18 Signal Corps Information Letter, No. 15 (October
7, 1937), p. 10.

1" AG Ltr to CG First Army et al., 21 May 35, sub:
AA defense of continental U. S. AG 660.2 AA (5-15-
33) Misc.) E-M.

¢ Col Carrol} O. Bickelhaupt, Use of Commercial
Communications Systems in the Aircraft Warning
Service, 18 Nov 37. SigC Hist Sec File.
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AN ATIRCRAFT WARNING SERVICE
at Charleston, South Carolina.

Civilian observers spaced about eight
miles apart reported plane sightings to the
information center, which sent out orders
to military commanders and air raid
warnings to civilian defense agencies.*
Although successful in demonstrating the
participation of civilians as observers, an
aspect of aircraft warning which lost im-
portance in later astonishing develop-
ments, the Muroc Lake tests faltered as
arguments for the use of existing commer-
cial lines. The average time required for
transmitting a report that a plane had
been sighted was five minutes, far too slow
to be of any tactical value in sending up
interceptors,

In antiaircraft defense outside the coun-
try, radio developments had a somewhat
better opportunity. Panama had chief im-
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FILTER CENTER during a practice alert

portance, and the Signal Corps was asked
to engineer a system there of 20 search-
light command posts, 24 antiaircrafi bat-
teries, 36 automatic weapons positions, 8
automatic weapons command posts, and
7 group command posts. Hard upon new
developments, however, a War Depart-
ment board studying the Canal Zone de-
fenses proposed a five-year program for a
unified signal communication system
“whenever the proper equipment was
perfected.”*® The equipment was of

# Summary of the Cooperation of the Southern
California Edison Co. in Providing for an AWS for
GHQ AF Maneuvers in 1937, Incl 7 with AG Ltr to
CG First Army ef al., 23 May 40, sub: AWS conti-
nental U. S. AG 660.2 AA (5-22-40) M-WPD.

% (1) AAF Hist Study 42, Air Defense of the
Panama Canal, | Jan 39-7 Dec 41, pp. 49-50. AF
Archives. (2) Sig Office, PCD, Unit Hist, Signals,
Panama Canal Department, Vol III, No.-24, pp. 8-9.
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course the new pulsed detector which the
Signal Corps Laboratories were just then
designing, primarily for antiaircraft
searchlight control. Despite this promise,
the conception of the use of radio, even in
radio communications only, was still
limited. With a scheme of fixed defenses
in mind, radio’s mobility appeared to be
an attribute of no consequence, and ob-
jections to it arose from a supposedly fun-
damental lack of security, the necessity for
electrical plants at every station, and the
requirement for specially trained oper-
ators. At variousstages in the ensuing war,
swift ground or air action disposed of the
first objection by rendering it unimpor-
tant. Vehicular radios and handie- and
walkie-talkies eliminated much of the
.second by making the generators as mov-
able as the sets. The degree to which voice
replaced continuous wave went far to
solve the third.

Communications Spheres of Interest

Provision for radar was probably the
most important part of the Panama air-
craft warning plan. In terms of the era,
however, there was significance in the Sig-
nal Corps Board’s recommendation that
the Corps install and maintain the equip-
ment but that the Air Corps operate it.
For the discrepancy in the scope of the
Signal Corps was measured more uncom-
fortably in relations with the Air Corps
than at any other point. Love and friction
made a prevailing climate for Signal
Corps-Air Corps liaisons almost all
through the period of the two world wars.
It is a major theme. The ties were close
but strained. Army aviation had been the
Signal Corps’ offspring, and now bid fair
to be its arbiter, having grown to a height
which dwarfed that of all other com-
ponents of the service but the Infantry.
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The initial estrangement of divorce was
receding far into the past when another
contention arose to replace it, derived
from the sense of the future which simul-
taneously separated and united the Signal
Corps and the Air Corps. Each had in its
possession one of the new wonders of the
age: the Air Corps the means of flight and
the Signal Corps the means of communi-
cation through space. From the inevitable
time when the airplane and radio came
together, skirmishes set in anew. To the
Air Corps, the Signal Corps was slow and
unimaginative in adapting radio to avia-
tion, particularly to air navigation. To the
Signal Corps, the Air Corps’ restiveness
on the subject appeared grounded upon a
desire to take over a province of great
prestige. General Gibbs was leaving office
at just about the time when the aircraft
radio controversy commenced, in 1931;
Maj. Gen. Irving J. Carr departed in 1934
with it still going on; Maj. Gen. James B.
Allison forced it to a top-echelon decision
before he left in 1937; and Maj. Gen. Jo-
seph O. Mauborgne, who had been on the
scene as the commanding colonel of the
Aircraft Radio Laboratory, became Chief
in a succeeding false calm.

As might be supposed, the scene of the
controversy was a Signal Corps installa-
tion on an Air Corps base. Up to 1931, the
small Aircraft Radio Laboratory staff at
Wright Field was devoting its effort largely
to aircraft communication, as distinct
from navigational radio. The laboratory
was a potential site for advances in both
fields, and important work on radio
beacons had already come from it; but
navigationally it was behindhand. At
Wright Field then was Lieutenant Hegen-
berger, one of the pair of Army pilots who
had made the pioneer flight from Cali-
fornia to Hawaii four years earlier. Navi-
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gational radio aids specially rigged for
that flight had been so helpful that Hegen-
berger was a determined spokesman for
equipping all Army airplanes with radio,
at least to the degree of enabling them to
tune in on the beacons and ranges then
multiplying along the nation’s airways.
“In the first and last analysis,” it seemed
to Hegenberger, the matter “concerns the
effectiveness of the Air Corps to carry out
its mission as an arm of the National De-
fense. Avigation is a paramount problem
in carrying out all phases of this mis-
sion.” ** Upon this conviction, in the sum-
mer of 1931 the Air Corps organized a
Navigational Instrument Section in its
Equipment Branch at Wright Field, lo-
cated it in the same building with the Air-
craft Radio Laboratory, and placed Lieu-
tenant Hegenberger in charge.

The Signal Corps assumed that the sec-
tion was only intended to supervise the
service testing of navigational instruments
after the Aircraft Radio Laboratory had
developed them. Under this impression,
Captain Rives, the head of the laboratory,
lent the Air Corps section a civilian Signal
Corps employee who had begun to work
on a radio compass. But the co-operative
relationship altered and darkened. It
began to appear that the new section was
undertaking the actual development of
the compass. The employee lent to the Air
Corps was not coming back. The Aircraft
Radio Laboratory went ahead with one
form of radio compass, the Navigational
Instrument Section with another. Very
soon “a deadly serious fight was going
on.” * Lieutenant Hegenberger locked up
his part of the building, his engineers
charging that Signal Corps technicians
were appropriating their circuits; the
ARL officers and civilians, in turn, felt
that the compass being developed under
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Lieutenant Hegenberger was actually
their own, and that Army regulations
clearly gave the Signal Corps sole respon-
sibility for such development. They
pointed to AR 850-25. “While the Air
Corps officers appear to be conversant
with the provisions of AR 850-25,” Rives
remarked, “they seem either hesitant as to
how to proceed under them or else they do
not desire to comply. . . .7

The Equipment Branch sought first to
challenge this regulation with another
(“Under AR 150-5, the Air Corps as the
using arm is authorized to carry on any
purely experimental development which
it sees fit todo. . . .”),>* then to change or
even to ignore it, holding that the thing to
do was to get aircraft radio and not allow
regulations to stand in the way. Matters
grew so strained that at one time Rives
went to the commander of Wright Field,
Brig. Gen. H. Conger Pratt, and requested
a court of inquiry into the charges being
made against him and the ARL.

In the midst of all this, a recommenda-
tion that all Signal Corps development
work of whatever nature be consolidated
at Fort Monmouth arrived like a thunder-
bolt. Col. Arthur S. Cowan, then com-
mandant at Monmouth, and Major Blair,

3 Memo, Capt Albert F. Hegenberger, AC, for Maj
Edward L. Hoffman, AC, President of Subcommittee
to AC Tech Committee, 21 Dec 34, sub: Disputed
functions of research, development, procurement, etc.,
between AC and SigC. AF 413.44 ARL Orgn,
Change, Research, Developments, 1931-38, USAF
Mat Comd Central Files.

52 Ltr, Brig Gen Tom C. Rives, USAF Ret., to
G. R, Thompson, SigC Sec OCMH, 8 Jan 50. SigC
Hist Sec File.

53 Ltr Memo, Capt Tom C. Rives for Maj Colton,
11 Aug 34. SigC 413.684 RDF’s 7, Jan-Aug 34.

% Memo, Maj Hoffman, AC, Chief Equip Br Mat
Div, for Chief Mat Div, 14 May 34, sub: Radio and
navigation development. AF 413.44 ARL Orgn,
Change, Research, Developments, 1931-38, USAF
Mat Comd Central Files.
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the Laboratories chief, urged that the
ARL be returned to the status of a liaison
unit and that the whole research and de-
velopment activity for the Air Corps be
centered upon Monmouth, where the Sig-
nal Corps did research and development
for all of the other arms. The merging of
the scattered laboratories of the Signal
Corps had been General Gibbs’s policy,
and if unopposed would fill in one more
major chink in the structure. From the
standpoint of sound administration and
with plenty of good precedent, General
Carr was inclined to favor the consolida-
tion; but before ordering it he sent Blair
with 1st Lt. Gilbert Hayden (still another
Signal Corps officer who was to be identi-
fied with the Aircraft Radio Laboratory)
to Wright Field, “for a thorough investiga-
tion . . . from all angles. . . .”%

A major shift in the Signal Corps Labo-
ratories’ research and development ac-
tivity underlay the proposed transfer.
Hitherto, the Signal Corps had given out
contracts for the design of separate pieces:
an antenna, a power generator, a tele-
phone. Now the tendency was toward as-
semblies rather than single items: a whole
field telephone system, a complete radio
set. Blair and Cowan felt that the Labora-
tories could best pursue such a policy of
system design and standardization, keep-
ing in close touch with university and
commercial laboratories, and purchasing
commercial samples for study, but avoid-
ing contracting for the central research
work. The Signal Corps should design
more of the Army’s electric equipment
itself and depend less upon industry.
Cowan in fact maintained that the Signal
Corps Laboratories alone, and no other
organization, commercial or military, had
any adequate conception of the Army’s
entire communications system.”*
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At Wright Field Blair confirmed his
opinion that the Air Corps relied too
much upon commercial development. He
thought this “the easier but less effective
procedure’; although it was possibly “en-
tirely justified by the fact that it is render-
ing essential assistance to the relatively
new airplane industry,” it could not elimi-
nate the necessity for just such a plant for
laboratory research, testing, and installa-
tion as the ARL represented. He felt sure
that ARL could best function in close as-
sociation with the other Signal Corps re-
search organizations, especially because at
present it was ‘“‘neither adequate nor
properly constituted to do development
and design work. It is primarily organized
for the work of consultation, installation
and test.” 37 At Fort Monmouth, it seemed
to him, development for all arms could be
co-ordinated, items simplified and stand-
ardized, and economy and general satis-
faction be realized.

The men most immediately concerned,
the staff of the Aircraft Radio Laboratory,
did not at all agree with Major Blair’s
minimization of their contribution. That
they were primarily organized for devel-
opment and design work was exactly
what they wished to maintain. Rives was
convinced that the move would be wrong.
Despite his current vexations, which
might well have prompted him to clutch
at a way to break free of them, he argued
that development for the Air Corps had
its first cause in service to the Air Corps,

55 Historical Report of the Signal Corps Engineer-
ing Laboratories, July 1930-December 1943, pp. 19-
20. SigC Hist Sec File.

% Ltr, Col Cowan to CSigQO, 3 Jun 32, sub: Re-
duction in number of R&D projs. AF 322.081 SigC
Activities, 1932-45, USAF Mat Comd Central Files.

7 Ltr, Maj Blair to CSigO, 27 Jun 32, sub: Visit
to Wright Field. AF 322.081 SigC Activities, 1932-
45, USAF Mat Comd Central Files.
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and that such service could be rendered
only in proximity to the Air Corps. This
was another proof that those who dealt
with the Air Corps felt, almost as much as
did the Air Corps itself, that its problems
were unique, that a fundamental differ-
ence existed between it and the other
arms. The equipment used by ground
arms had an elemental first cousinship.
Equipment to be used in the air invoked
another element as well, and must not be
contemplated apart from the terms and
conditions of the air. An antenna array
which might be a comparatively simple
development for ground use could become
an extremely difficult one when it had to
be attached to the outside of an airplane.

Col. William L. Bayer, who, like Rives,
Murphy, 1st Lt. Francis L. Ankenbrandt,
and so many others, was a Signal Corps
officer made familiar with the problem by
close assignment to the Air Corps, later
explained:

Airplanes are rather precisely engineered
and anything which affects the outside con-
tours or weight distribution is frowned upon.
[Consider] the enormous vibration to which
parts or accessories are subjected; and . . .
the difficulty of high voltage apparatus at the
low pressure of altitude. These are in addi-
tion to the normal space and weight limita-
tions. . . . There is at least three to four
times as much engineering involved in the
developing of electronic equipment for air
use as for . . . the ground.*®

Not only did Rives think that the Sig-
nal Corps and Air Corps should and could
be able to work out their disagreements
and produce aircraft radio equipment at
Wright Field, but he anticipated that
withdrawal of the Signal Corps would
leave the arena wholly in possession of the
Air Corps, which would very soon there-
after gain the entire responsibility for
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aviation radio. He and his colleague, 1st
Lt. Herbert G. Messer, who was the only
other Signal Corps officer on duty in the
depressed and skeletonized Aircraft Radio
Laboratory of January 1932, accordingly
concluded that the disadvantages of a
consolidation at Fort Monmouth would
far outweigh any advantages.®® They got
telling support from the Air Corps. Upon
inquiry from Washington, General Pratt’s
engineers came up with the same argu-
ment: that separating the research from
the aircraft themselves would present an
impossible situation, because no airborne
device could be properly designed without
constant flight experience and testing; and
in Washington itself, Maj. Gen. Benjamin
D. Foulois and Brig. Gen. Oscar West-
over, Chief and Assistant Chief of the Air
Corps, expressed the strongest opposi-
tion.*® This was the view which won out.
The move to Fort Monmouth had no sup-
port at Wright Field, from either service’s
representatives there, and could not take
place without it.

The Navigational Instrument Section
continued with its development of the
radio compass, and bulwarked it with an
entire blind-landing program which in-
cluded, by a strange irony, a project for
using microwave gear to prevent airplanes
from colliding with each other or crashing
into unseen obstacles. The irony dwelt in

¢ Comment written by Col Bayer, JCS, to SigG
Hist Sec, Aug 49. SigC Hist Sec File.

3 Ltr, Capt Rives to CSigQ, 7 Jan 32, sub: Con-
solidation of SigC ARL and SCL at Ft. Monmouth.
AF 322.081 SigC Activities, 1932-45, USAF Mat
Comd Central Files.

80 (1) Ltr, Gen Westover to Gen Pratt, Chief Mat
Div, 10 Jun 32; (2) Maj Fred H. Coleman, AC, and
Capt Albert B. Pitts, AG, Mat Div Engr Sec Memo
Rpt 54-4-67, 28 Jun 32, sub: Proposal to move SigC
lab from Wright Field to Ft. Monmouth. AF 322.081
SigC Activities, 1932-45, USAF Mat Comd Central
Files.
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the fact that the project® might have
become airborne radar, years before any-
thing of the sort was developed, if the air
and ground radio work actually had been
in the close contact which Blair had
urged. The Monmouth laboratories went
so far as to hint that they had microwave
work in progress which might “eventually
be adapted as an aid for the prevention of
collisions,” > but the preradar experi-
ments there remained isolated by secrecy,
and the collision-prevention project with-
ered under low priority for several years
until the Air Corps Technical Committee
discontinued it altogether.

The quarrel over navigational equip-
ment had blazed right through this, and
had become a conflagration. Lieutenant
Hegenberger’s superior, Maj. Edward L.
Hoftman, had entered it, although Hegen-
berger was by no means superseded. Signal
Corps and Air Corps were now being used
generically, each supposed to represent
only one point of view. The Signal Corps
(to speak in this mode) maintained that
all devices employing vacuum tubes and
radio circuits fell within its domain. The
Air Corps insisted that the only concern
which the Signal Corps could have with
Air Corps equipment was with communi-
cations devices in the most direct and
limited sense.

“In the beginning, the Signal Corps, as
its name implies, was charged with com-
munication,” Hoffman said. “They first
had the wig wag, heliograph; later the
telegraph, telephone, and now, radio,
[where] they should confine their efforts to
communicational radio. . . .” He in no
way considered that the Air Corps should
be obliged to follow the procurement pro-
cedures of the other arms, seeking out the
pertinent service, describing what was
wanted, and asking to have it developed.

THE SIGNAL CORPS

“To go through military channels” would
render the Air Corps “powerless.” He
emphasized this point, and broadened it
to include the Air Corps’ connection not
only with the Signal Corps but with all
other “auxiliary branches.” ¢

The Signal Corps did not think itself
auxiliary, but rather as much a part of the
Military Establishment as any other arm
or service. Nor did Major Hoffman’s point
of view, although it was destined to ma-
ture into official Air Corps doctrine, have
the solid home support which he counted
upon. At the next level above him, Lt.
Col. Robert E. M. Goolrick posted a
dissent, coming to the root of the matter
by observing that navigational radio in-
volves sending and receiving radio waves,
just as any other kind of radio does. Gool-
rick said he believed it wrong in principle
to charge two Army agencies with the
same thing, and saw no reason why, since
the experience and competent personnel
for the work were to be found almost en-
tirely with the Signal Corps, the Air Corps

st “Collision Prevention: provide a means of showing
on a single indicator the location of other aircraft
within a range of 15 miles giving the bearing in
azimuth throughout 360° with an accuracy of 15°
and elevation within a range of plus/minus 30° from
the horizontal with an accuracy of 5°. It is suggested
that acorn tubes and micro rays be used for this pur-
pose and that individual antennas be limited to 7°’
in length and that the total drag of the antennas and
reflectors (if used) not exceed six pounds at 250
MPH.” Ltr, Capt Hegenberger to Chief Engr Sec
Mat Div, 24 May 35, sub: Avigational radio devel-
opment program for ARL, Item 6. AF 413.44 ARL
Orgn, Change, Research, Developments, 1931-38,
USAF Mat Comd Central Files.

62 Ltr, Gen Westover to CSigO, 27 Sep 33, sub:
Co-ordination of AC research work with SigC, and
tst Ind, Maj George L. Van Deusen, Exec Officer
OCSigO, to Chief AC, 21 Oct 33. In same file.

83 (1) Ltr, Maj Hoffman to Chief Engr Sec Mat Div,
8 Jun 33, sub: Handling of radio apparatus by SigC
and AC; (2) Memo, Hoffman for Chief Mat Div, 14
May 34, sub: Radio and navigation development. In
same file.
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should not permit its radio equipment to
be developed as all the other branches of
the service did. “It only requires a little
cooperation on the part of the Air Corps
to make such a system work,” Goolrick
observed.®* Which was much the opinion
of the War Department, when the con-
troversy flared up that high. Called upon
to cite regulations, The Adjutant Gen-
eral pointed to AR 850-25, and specifi-
cally to paragraph 10 d on established pro-
cedures,®® complaining as he did so that
“the interests of the Government would
be served better if the Air Corps and Sig-
nal Corps would cooperate with each
other. . . .”

Allotment of Public Works Administra-
tion funds to the Air Corps to finance the
radio compass program increased the
stake, and the travail when the President
called upon the Army to fly the air mail
increased the bitterness, for Air Corps
spokesmen were inclined to charge the
Signal Corps with a part in the fiasco.®
Conciliatory statements in the report of
the special War Department board of in-
vestigation headed by the World War I
Secretary, Newton D. Baker, made careful
note of the fact that “the most effective
and efficient communication equipment
should be provided for the Army Air
Corps,” and balanced the account by ob-
serving that “the radio equipment that
has been provided by the Signal Corps has
proved effective’; but these remarks had
small opportunity to temper the disagree-
ment.*’

With continued angry interchange, the
two sides charged bad faith. ““As a result
of the Signal Corps handling radio, we
couldn’t fly the Air Mail as well as com-
mercial lines and we still can’t,” Major
Hoffman exclaimed. “When I hear Indi-
anapolis talk to Dallas right now, I won-
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der if the Air Corps will ever be able to do
as well, with the Signal Corps handling
the radio.” ®® Hegenberger added other
arguments and Rives and Messer jointly
answered them, protesting: “Other arms
have accorded the Signal Corps their
wholehearted support in development
work rather than setting up development
establishments of their own in the effort to
be independent of all contact with other
arms. The Signal Corps and the Air Corps
can also get the desired results if their re-
spective personnel have the will to work
toward this end in full cooperation.” **
Matters had reached their worst by the
turn of 1934 into 1935, as General Allison
succeeded General Carr. Allison took di-
rect action by proposing a conference to
General Foulois. The Chief of the Air
Corps agreed, and at the conference sur-
rendered the program, acknowledging
that all radio development at Wright Field
should be centered in the Aircraft Radio
Laboratory under Signal Corps direction.

64 Memo, Col Goolrick, Actg Exec Officer Mat Div,
for Chief Mat Div, 22 May 34. In same file.

8 AR 850-25, 15 Jul 31. Paragraph 10 4 states that
the military characteristics for any item to be devel-
oped will be formulated by the using arm and co-
ordinated through the appropriate technical com-
mittee. Ltr, TAG to CSigQ, 18 Jul 34, sub: Radio di-
rection compass. AG 413.68 (7-14-34) Misc. (D). Also
in SigC 413.44 Compasses 1, 1919-34.

86 Ltr, Gen Pratt to Chief AC, 5 Feb 34, sub: Pur-
chase of radio compasses or RDF’s. SigC 413.684
RDF’s 7, Jan—-Aug 34.

57 U.S. Special Committee on AC, Final Report of
War Department Special Committee on Army Air Corps, 18
Jul 34, p. 50.

58 Maj Hoffman, comments on Memo of Capt Rives
for Maj Hoffman, 8 Dec 34, sub: Disputed functions of
research, development, procurement, etc., between
AC and SigC. AF 413.44 ARL Orgn, Change, Re-
search, Developments, 1931-38, USAF Mat Comd
Central Files.

% Memo, Capt Rives and Capt Messer for Presi-
dent of Subcommittee to AC Technical Committee,
19 Dec 34, sub: Reply to Hoffman’s Memo 12-6-34
and Hegenberger’s Memo 12-8-34. In same file.
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The Air Corps completed the contracts let
with the Public Works Administration
money, but made no other arrangement
to enter into either the development or the
procurement of radio equipment.

An insubstantial victory never looked
more substantial. The Air Corps expan-
sion undertaken in the ominous shadow of
1938 made inroads upon it which all but
reversed it. At the time, though, regula-
tions had been vindicated. Behind that
fact fell into place all other parts of the
dispute: whether the Signal Corps had
been so laggard in its duty as not to begin
development of airborne radio to any ade-
quate degree until stirred up to do so;
whether the Air Corps had raided Signal
Corps prerogatives and picked Signal
Corps brains; these and others receded
behind the essential law and prophet.

General Allison subsequently went out
of office in the satisfying persuasion that
the problem had been resolved. He com-
plimented his successor, Mauborgne, and
told him: “I feel that we have accom-
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plished a result that will reflect with great
credit upon the Signal Corps and the
Army as a whole, and I hope very much to
the benefit of the Air Corps, whom we
serve.” General Mauborgne took office in
the equally hopeful prospect of a return of
good feeling. He was a new Chief Signal
Officer, Maj Gen. Oscar Westover a new
Chief of the Air Corps, and Westover had
praised his “spirit of cooperation” as di-
rector of the Aircraft Radio Laboratory.™
The clash of interest was still there, how-
ever, muffled though it was by well-
wishing and good intentions. The essential
disharmony remained to grow clamorous
again and to renew a question of Signal
Corps boundaries.

0 (1) 5th Ind, Gen Allison to Chief AC, 26 Feb 35,
and 6th Ind, Gen Foulois to TAG through CSigO,
11 Mar 35, on Ltr, TAG to CSigO, cited n. 65. (2)
Statistical Sec SigC Aircraft Sig Sv, Signal Corps Air-
craft Signal Service History and Activities Compiled
asof 1 July 1943, p. 2. SigC Hist Sec File. (3) Ltr, Gen
Westover to TAG through CSigO, 9 Jun 37, sub: Rpt
of functioning of ARL. AF 413.44 ARL Orgn,

Change, Research, Developments, 1931-38, USAF
Mat Comd Central Files.



CHAPTER 1V

The Army in Abeyance

There was an almost imperceptible
change in the Army as the Signal Corps
shifted leadership for the last time before
the emergency.' The state of the world
made the Military Establishment uneasy.
The League of Nations had sickened upon
Mussolini’s success in Ethiopia to the point
where Germany’s reincorporation of the
Rhineland had aroused no counteraction.
President Roosevelt had suggested a quar-
antine of dictatorships. Spain’s civil war
was producing studies of German and
Italian methods and weapons in the Army
service journals. Deeply concerned Navy
and Army intelligence watched a curtain
of secrecy fall around the Japanese-
mandated islands between Hawaii and
the Philippines, while at the same time
Japan renewed a war of conquest in
China. The extension to Tokyo of the pre-
vious year’s Rome-Berlin Axis left other
capitals paralyzed; no move t¢ build up a
military organization reached a popular
hearing even in the nations nearest to thé
danger. However, the danger was strong
enough to begin beckoning the Army away
from the void over which it hung sus-
pended and into the crystallizing national
policy. Individual services like the Signal
Corps were not yet affected, but there was
evidence that they would be, and that was
sufficient to change the atmosphere.

As a functioning agency, the Signal
Corps performed its task adequately. Ex-
isting administrative communications were
sound; a large part of the expansion to

occur in them could take place in terms of
what had been tried and found good. It
was as a planning agency that the Signal
Corps had its work to do. The impetus to
all Army planning, the demand above all
others, was the challenge to have the right
equipment with men trained to use it.

Signal Corps preparations walked on
these same two legs: equipment and men.
Its own problem of equipment loomed
from the radiation spectrum itself, which
held an infinite number of combinations.
There were times when every one of them
promised to materialize, relegating items
to obsolescence with as much indifference
as crude pulse radar was showing to the
finest sound detectors. Boehme radio was
another case in point. If it was to be re-
placed, a good deal of specialized skill
would go out the window and, as with
radar, a shift in equipment would shift
the plans in personnel and training. The
chief perplexity in setting the gauge for
expansion, in either equipment or strength,
was that no one could move it much with-
out coming into the range of another’s
expanding interest. Sometimes the obsta-
cle was industry, sometimes the Congress,
sometimes a riddle of research, sometimes
statistics of manpower, sometimes one of
the co-ordinate arms or services.

The population growth of the District
of Columbia area in the 1930’s had made
land scarce. At Fort Myer, the activities

! General Mauborgne succeeded General Allison
on 1 October 1937.
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of the Cavalry were more and more re-
stricted to the equitation field itself. Col.
George S. Patton, Jr., the commanding
officer at Myer, objected on learning that
the increase in the Army communications
net, which had already crowded the trans-
mitting station there part of the way out
onto the equitation field, would require
the station to encroach still further or
burst. General Mauborgne expressed the
urgent hope to put up a rhombic antenna,
in order to accomplish point-to-point
transmission to Seattle. Patton opposed
not only the rhombic but the whole Signal
Corps installation and sought to have it
propelled from the post which bore the
first Chief Signal Officer’s name. Mau-
borgne prescribed a temporary rearrange-
ment of facilities and meanwhile sounded
out the Navy upon the possibility of get-
ting antenna space on the land of the
naval Arlington radio station just adjoin-
ing. He learned that the Navy would in
fact discontinue its station there and let
him have it; and in anticipation of the
transfer he obtained the Navy’s permis-
sion to put up the Seattle rhombic and
another one to Puerto Rico as well. Colo-
nel Patton objected to this arrangement as
much as to the first proposal, declaring
that the Navy site had been a part of Fort
Mpyer twenty-five years earlier, and ought
to be again. All of the radio towers and
telegraph poles with which WAR had en-
cumbered the post should be swept from
view. In any case, he needed the Navy
buildings. The Adjutant General offered
to split the site, so that the buildings went
to Patton and enough land for the rhom-
bics to Mauborgne. Now the Navy’s will-
ingness was fast ebbing, and no longer
took the form of outright transfer but only
of an offer on a revocable basis. This
was unsatisfactory, but further pressure
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brought all negotiation to an end. Since
the Chief Signal Officer’s original request,
enough time had elapsed to bring the
nation up to within a year of war, and in
the shadow of that emergency the Navy
withdrew its offer altogether.” Here was a
sample of how strong the administrative
tug and pull was to get anything at all.
This was but a local expansion, however
importunate, and the Signal Corps’ energy
in urging it yielded to others’ energy in
resisting it. Other circumstances might
reverse the roles.

One or two instances of expansion from
outside sources met similar resistance, this
time on the part of the Signal Corps. In
the spring of 1938 aircraft warning exer-
cises, similar to the earlier ones at Muroc
Lake, were staged within the domain of
Southern California Edison Company,
the large public utility concern there: In
the Signal Corps’ opinion, the claims
made for the exercise were unrealistic.
Eighty observation posts, principally
manned by the Edison Company’s em-
ployees, had theoretically intercepted all
approaching aircraft and had kept March
Field inviolate. Actually, the practice air-
planes had flown a straight course along
the line of observer stations. The Signal
Corps also felt that the communications
provided under the arrangement with the
company were inadequate. In that Cali-
fornia sector they might do, but in most
places it would be necessary to use the full

2 (1) Ltr, OCSigO to TAG, 23 Feb 39, sub: Trans-
mitting antenna, WD Msg Ctr, transmitting station,
Ft. Myer, and 3d Ind, Col Patton to CG Third Corps
Area, 9 Mar 39, and 6th Ind, CSigO to TAG, 11 May
39; (2) Ltr, CSigO to Dir Naval Com, 11 May 39,
sub: Transfer of Arlington radio station from Navy
to Army. SigQC 602.3 Arlington. (3) Same file, passim.
(4) Pauline M. Oakes, The Army Command and
Administrative Communications System, Part I: War
Department Radio Net, 1920-1940, Oct 45, pp.
103-07. SigC Hist Sec File.
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range of facilities offered only by the tele-
phone and telegraph system. The big dis-
advantage in using the communications
of the electric power utilities was that
whereas neighboring telephone lines inter-
communicated, neighboring power lines
ordinarily did not.

If the Signal Corps was unimpressed
with Southern California Edison’s contri-
butions to the exercises, the company was
equally vehement about their value. Its
view was that the tests had been such a
success that the Federal Communications
Commission ought to allow expansion of
the company’s radio network. Submitting
an aircraft warning program which en-
compassed this plan, A. A. Hopkins, an
officer of the company, raised two sore
points, implying that in this specific field,
at least, radio could do the work of wire
and Edison could do the work of the Sig-
nal Corps. “From what I have seen of this
branch it is not abreast of the public utili-
ties, either in equipment or personnel,” he
commented. The company envisioned
sixteen fixed and forty mobile radio sta-
tions under its control, which it would be
willing to associate with a system where
the Signal Corps would not “‘enter the
picture in any form.” To this proposal
Hopkins got the indorsement of the GHQ
Air Force, which recommended that the
War Department make every effort to per-
suade the FCC to grant the extra radio
frequencies for the expansion of the com-
pany’s network. Noting “one or two dirty
digs at the Signal Corps,” Brig. Gen.
George V. Strong, at that time the head of
the War Plans Division of the General
Staff, sent the proposal on to General
Mauborgne.

The Signal Corps had communications
responsibility throughout the series of air-
craft warning services, as the Air Corps
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had for interception, both being subordi-
nate from place to place to the frontier or
department commander concerned. This
was established fact. In addition, General
Mauborgne knew that the heavily secret
pulse-radio detection equipment had stun-
ning promise and that the Laboratories
were nearly ready with the long-range
model which the Air Corps had requested
after the dramatic demonstration of the
SCR-268. In any event, he was dubious
about the ability of radio to serve as the
core of an administrative communications
system, and certainly not ready to see a
commercial organization improve its
position by climbing upon the Army’s
shoulders.

I am of the opinion [he replied] that while
the War Department recognizes the practica-
bility and desirability of utilizing the wire and
radio facilities of power companies to save
telephone company lines for other uses, no
assistance should be given such companies
towards securing radio frequencies from the
Federal Communications Commission for
their use. I think this is an underlying motive
back of this proposal on the part of the power
companies of southern California.®

Nevertheless, he did balance his objec-
tion. To a special committee appointed by
the President to survey the power facilities
of the nation, Mauborgne expressed the
hope that it would direct some attention
to the use of the utility companies’ net-
works in the defense communication of
large cities.* He could not risk committing
the Signal Corps wholly to one course of
action or association, and his emphasis
upon the importance to the Army of a

3 (1) Ltr, A. A. Hopkins to [Gen Strong], 19 Jan 39;
(2) Memo, Strong for Mauborgne, 21 Jan 39; (3)
Memo, Mauborgne for Strong, 27 Jan 39. SigC 676.3
(AWS) Gen 1. (4) AG Litr to CSigO, 10 Mar 39, sub:
AWS. AG 660.2 AA (3-8-39) (Misc.)-E.

* Memo, CSigO for ACofS G-3, 6 Jan 39. SigC
676.3 (AWS) Gen 1.
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nationwide network of commercial tele-
phone and telegraph might be construed
as marrying the Signal Corps to the AT &T
till death them did part. He took a stand
against any connection, whether illicit or
blessed by law, which would deprive the
Signal Corps of all freedom of action in
dealing with the great commercial wire
system.

Hearings were beginning just then on a
Senate resolution to investigate the state
of the telegraph industry. The Postal Tele-
graph and Cable Company was seeking
reorganization under the Bankruptcy Act,
with engulfment by Western Union in
prospect. However anemic it had hitherto
been, the existence of Postal had preserved
the appearance of competition in the
industry. Absorption of the company
would render the telegraph system a
monopoly, Continental having already
dropped from view. Short of governmental
subsidy to Postal, however, the merger
was inevitable, and a subsidy was unac-
ceptable because it would put the govern-
ment into competition with a private busi-
ness. Thus the prospect of a single tele-
graph system, which actually materialized
in 1943, had to be accepted.

To the next stage, the extension of this
merger to consolidation with the telegraph
and teletype systems of the telephone com-
panies, opposition could be vigorously
entered.” “In time of war we contemplate
a great use of the latest fast means of com-
munication: for instance, the teletype,”
Mauborgne explained, testifying also to
the importance of double-tracking the
telegraph network so that it and the tele-
phone system could both bear a vast war-
time traffic.* Commercial communications
would be called into heavy use in emer-
gency, especially in the corps areas, which
would feel the first burden of mobilization.
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The Army expected to rent and lease a
“tremendous amount” of commercial
wire,” not only in the East but also in
thinly populated sections of the United
States where the profits were so low that
only the possibility of competition kept
circuits in being.

A final point in the War Department’s
opposition to any commercial expansion
which would put the whole wire system
under single control was the belief that
only competition could encourage the in-
troduction of new models of equipment.
This was a matter corresponding in inter-
est to the vital need for assurance that
there would be plenty of circuit lines, be-
cause much of the equipment for the Army
fixed communication system was adapted
directly from commercial stock.®

Everyone’s ox was gored, everyone’s
shoe pinched when it came to creating a
military establishment in abeyance. Inter-
ruptions to plans could come politically as
well as in any other fashion. The Congress
appropriated $220,000 in 1939 for a new
laboratory building at Fort Monmouth.
This was a satisfaction, but a difficulty
arose from the fact that the construction
had been authorized for two years. Now

5 Ltr, SW to Chm FCC, 18 Dec 39. SigC 483.1 Gen
Telegraphy 3.

© Hearings Before the Subcommittee of Senate Committee
on Interstate Commerce, Senate, 76th Cong, st Sess, To
Authorize a Complete Study of the Telegraph Indus-
try, 22-23 May 39, pp. 27-29.

7 Ordinarily, telegraph and teletype circuits were
leased, telephone circuits rented. TWX service was
engaged as needed, whether on twenty-four circuits
between continually busy administrative centers or on
circuits between infrequently called points where
traffic was diverted from the civilian pattern only
when need arose.

# (1) Maj Gen Joseph O. Mauborgne, Signal Com-
munications as a Requisite of Command, lecture de-
livered at Army War College, 4 Apr 38, pp. 5-6.
SigC AC 352.13 Speech Mat, 1943-44. (2) Senate Rpt
529, 76th Cong, lst Sess, Study of Telegraph Industry.
(3) AG 676.2 (5-20-39) (1), passim.
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that the money was in hand for it, the situ-
ation had changed so much that Brig.
Gen. George H. Brett, commanding the
Air Corps Materiel Division, declared that
there was reason to “feel very bitter” that
a new laboratory building was to go to the
Monmouth installation rather than to
Wright Field, “where it is so sorely
needed.” The Signal Corps acceded,
changed its plan, and obtained rulings
from the Judge Advocate General and the
Comptroller General that the appropri-
ation could be spent in Ohio rather than
in New Jersey. G-4 withdrew the adver-
tisement for bids on the intended construc-
tion at Fort Monmouth and substituted
advertisements for the work to take place
at Wright Field. This action drew objec-
tions from New Jersey. Representative
William H. Sutphin took exception to the
Judge Advocate General’s opinion, and
was immediately joined by Senator W.
Warren Barbour. The New Jersey State
Building and Construction Trades Coun-
cil passed a unanimous resolution protest-
ing the transfer of the construction from
its state to another. Under these combined
pressures the Acting Chief of Staff, Brig.
Gen. Lorenzo D. Gasser, yielded and
directed G-4 to return the proposed
construction to Fort Monmouth.®

The expansion overriding all others was
that of the Air Corps. Not a service of the
Army or Navy escaped jostling in that
process. Statutory recognition of it began
in 1939 with an appropriation to the Mili-
tary Establishment of a third of a billion
dollars to carry it out. The Signal Corps
allotted 90 percent of its available money
to procurement under the legislated pro-
gram. Almost every item in the Signal
Corps budgets for the next fiscal year re-
flected the Air Corps’ needs, supplemental
estimates to the regular budget calling for

99

more than five million dollars’ worth of
airborne communications, and for nearly
another million to buy Air Corps equip-
ment used on the ground.*® Fixed equip-
ment, both for navigation and control,
had to be planned for the new Army Air-
ways Communications System. In such a
modest item as the budgeted amounts of
signal equipment needed at the various
service schools, the Air Corps required
$120,000 worth, the other arms not half so
much.'" For the first time, the Signal
Corps also sought funds to cover a 10 per-
cent reserve supply of extra sets and spare
parts, so that pilots would not be obliged
to fly without radio whenever the equip-
ment needed repair.

What the Signal Corps would have
liked to do was to equip the Air Corps
completely, stock a good reserve in each
signal section of each air depot, and then
begin to operate a supply system without
any of the makeshifts and inadequacies
which halfway measures produced. It had
an orderly scheme for achieving an organ-
ization which would procure, issue, store,

® (1) Memo, Col Clyde L. Eastman, Exec Officer
OCSigO, for CSig0O, 27 Jul 39. AAG 322.081 SigC-
Liaison-Mat Div (Establishment of SigC Proc District
at Wright Field, lab and warehouse), AAF Mat Comd
Central Files. (2) Ltr, CSigO to TAG through Chief
of AC, 16 Sep 39, sub: Substitution of ARL building
Wright Field for extension to SCL Ft. Monmouth,
and (a) Ist Ind, Chief of AC to TAG, 22 Sep 39, and
(b) 2d Ind, TAG to CSigO, 18 Oct 39; (3) Msgs, Wil-
liam H. Sutphin and W. Warren Barbour to Judge
Advocate Gen, 11 and 13 Sep 39; (4) Memo, ACofS
G-4 to CofS, 2 Oct 39, sub: SCL Ft. Monmouth, and
associated memos, 12, 13, and 18 Oct 39. AG 580
(3-31-26) (1) Sec 3E, Aviation Expansion. (5) Publi-
cation 394, 75th Cong, and Publication 164, 76th
Cong.

10 Hearings Before the Subcommiitee of Committee on
Appropriations, HR, 76th Cong, st Sess, On the Sup-
plemental Military Appropriation Bill for 1940, state-
ment of Gen Mauborgne, 22 May 39, pp. 158-72.

't Ltr, CSigO to Chief of Inf et @l., 31 Mar 39, sub:
SigC equip required for sv schools, and st Ind, Chief
of Inf to CSigO, 12 Apr 39.
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and maintain all the signal equipment
that the Air Corps used. This scheme
might have been realized if the war had
not exploded it and many similar plans.
The first step had been accomplished
under Air Corps prodding when the signal
air depot sections had been raised from the
single functions of repair to full-statured
supply units.'* This was paper prepara-
tion for the time when they would be
called upon to store, repair, and issue
equipment on a greater scale than was in
prospect.

When Air Corps expansion sharpened
the prospect, the Signal Corps took a sec-
ond step and commenced to fill out the
outlines of the sections by decentralizing
to them some of the authority of the big
supply centers. The main depots at Brook-
lyn and Chicago held pre-expansion sup-
plies, principally of ground arms signal
equipment, and were inconvenient to
many of the Air Corps bases, both old and
new, wherefore it seemed a necessity to
build up the air depot sections. To make
considerable Signal Corps investments in
the midst of Air Corps holdings was a risk.
It exposed the sections to the inevitable
day when they would be taken over by the
Air Corps—padlock, bin-stock, and barrel.
The fact that they existed solely to serve
the Air Corps would become the logical
reason for transferring them to the Air
Corps, a change which the approach of
the war delayed but which came about
later when the end of the war was in
sight.”® It was therefore broad necessity
rather than narrow self-interest which de-
veloped such signal sections as those at
Fairfield, Ohio, and San Antonio, Texas,
which were inherent parts of the Wright
and Patterson Field, Randolph and Kelly
Field air centers.

A third step followed when General

THE SIGNAL CORPS

Mauborgne suggested that in order to
eliminate any contractual delay arising
from mere distance he would set up a new
section at Wright Field and move the pro-
curing of air signal equipment there from
the New York Signal Corps Procurement
District. At a conference with their oppo-
site numbers in the Air Corps, Signal
Corps officers went still further and agreed
to a major commitment of Signal Corps
supply in the Dayton area, Fairfield be-
coming the focal depot section of all the
air signal depot sections and the proposed
procurement section becoming a procure-
ment district, equal partner with those in
existence since the early 1920’s. General
Mauborgne, however, denied approval of
the procurement district, because he felt
that, along with the Fairfield build-up, a
section was enough.

The whole project then progressed, as
things always did, to the matter of funds.
To have found the money for the ideal
furnishing job, propeller hub to tail as-
sembly, which the Signal Corps would
have liked to do for the Air Corps would
not have been much further out of reach
than to underwrite a small office and
25,000 square feet of warehouse space.
But the need for the office and warehouse
was so fundamental that General Brett
urged that it be considered a part of the
equipment expansion. The Signal Corps
accordingly reopened its supplemental
estimates for the next fiscal year and in-
serted a request for the funds. Coupled
with the request for the new laboratory

12 Ltr, Actg CofS GHQ AC to TAG, 17 Dec 36,
sub: SigC supply secs in AC depots, and 2d Ind,
CSigO to TAG, 29 Dec 36. AAG 322.081 SigC
Activities, 1932-45.

13 WD Cir 429, 3 Nov 44. See OCSigO, Report of
Transfer of Signal Corps Communications Equipment
Peculiar to the Army Air Forces, 31 Mar 45. SigC
Hist Sec File.
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building at Wright Field, and piled on top
of the original hope to have a new labora-
tory building at Fort Monmouth, it forced
a choice which General Mauborgne met
by deferring the Monmouth construction,
bestowing upon Wright Field the $220,-
000 which was to have been spent upon it,
and asking for yet more to build a ware-
house at Patterson.'* Then the objection
raised by the New Jersey legislators forced
still another revision of the budget and in-
troduced another request to take care of
the Signal Corps Laboratories construc-
tion also.

Of all branches of the service, the Air
Corps was also most in need of training
films. It had only three. Between March
and May 1939, the Signal Corps schedule
for training films to be produced by mid-
1941 was extended from forty to sixty
reels, the increase representing what the
Air Corps sought.’®> The Signal Corps’
capacity for making training films stood
turther in abeyance than most of its other
activities. The photographic course at the
school had yielded only three graduates
the year before and had been eliminated
in favor of direct experience on the job at
the Photographic Laboratory.’® The
Training Film Field Unit at Fort Mon-
mouth was newly organized and under-
staffed. Senior instructors at West Point
had studied the existing training films and
recommended that eighteen more be
made—none for the Air Corps.'” Eighteen
made as large a program as could be con-
sidered for a long time ahead, frivolities
like films of the military contingent at the
New York World’s Fair being officially
discouraged.®

In attempting to satisfy the require-
ments of the ground arms first, the unit
came under criticism from the Air Corps,
which asked for a change in Army regu-
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lations to permit the organization of its
own motion picture agency.'” The request
took off from the argument that Signal
Corps photographers were not authorized
to make the aerial shots which no Air
Corps training film could do without.
Since experience had shown that the Sig-
nal Corps could neither keep one set of
photographic equipment for the Air
Corps and another for all the ground arms
nor maintain photographic units at every
air base in the Military Establishment,
the Signal Corps compromised. The Air
Corps might make the sequences involv-
ing aerial photography but the Signal
Corps would go on being responsible for
the whole.?* To implement the agreement,
the Signal Corps then established Train-
ing Film Field Unit Number 2 at Wright
Field and placed Maj. Frederick W.

(1) Ltr, Chief of AC to CSigO, 4 Apr 39; (2) Litr,

Chief of AC to CSigO, 17 May 39, sub: Handling
radio equip-expansion program, and Inds, 1-9. AAG
322.081 SigC-Liaison-Mat Div.

15 (1) Memo, Actg CSigO for All Divs OCSigO, 27
Mar 39, sub: Tentative dir WD program FY 41. SigC
111 FY 41 Tentative Dir 1. (2) Memo, Exec Officer
OGCSigO for Pers and Tng Div et al., 2 May 39, sub:
Preliminary estimates FY 41. SigC 111 FY 41 QMC 1.
(3) Mauborgne statement cited n. 10, pp. 170-71.

16 Robert L. Eichberg and Jacqueline Quadow,
Combat Photography, 1945, p. 5. SigC Hist Sec File.

17 Ltr, Brig Gen Jay L. Benedict to TAG, 24 Apr
39, sub: WD tng films, 004.52-TF West Point, and
2d Ind, CSigO to TAG, 27 Apr 39. SigC 004.52-TF
USMA (4-24-39).

18 Ltr, CO Hq Camp George Washington to CG
Second Corps Area, 7 Aug 39, sub: Films of mil
activity N. Y. World’s Fair, and 5th Ind, CSigO to
TAG, 1 Sep 39. SigC 004.52 Mil Activity N. Y.
World’s Fair (8-7-39).

1* Summary Report on Photographic Activities of
the Signal Corps . . . in the Fields of Motion Pictures
and Visual Aid, 26 Feb 43, p. 443. SigC APS Div
File.

20 Ltr, Chief of AC to TAG through CSigO, 4 Apr
39, sub: Proc of ground photo supplies for AC use,
and st Ind, CSigO to TAG, 12 Apr 39. SigC 004.52
Authority.
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A TRAINING FILM FIELD UNIT at work on a film for the Air Corps.

Hoorn, just back from a Panama assign-
ment, in charge. He had only one other
man, one camera, and a basement room,
and unhappily met passive resistance at
the field.*

Training-film photography was thusa
fledgling. Tactically, photography was
nonexistent. Maj. A. E. Holland, a Re-
serve officer on temporary active duty,
prepared a study which emphasized pub-
lic information, propaganda, troop infor-
mation, and historical record as the war-
time functions of military photography.
He did look ahead, nevertheless, to prob-
lems of tactical equipment and organiza-
tion. In the former case he urged the
development of a lightweight sound cam-
era, and in the latter proposed that photo-
graphic units be identically organized,
then assigned in varying strength to field

headquarters, base laboratory, zone of in-
terior, and theaters of operation.

The report was well received, but laid
away because the Photographic Division
was in no position to put it into effect.?” It
was not possible to make sure that any
report would be read and applied to the
future. Another, in this instance a reaction
to the Southern California Edison aircraft
warning plan, never got beyond the im-
mediate range of the Office division where
it was prepared, despite the fact that the

2t Ltr, Maj Hoorn to Capt R. T. Schlosberg, O/C
Phote Div OCSigO, 4 Nov 38. SigC 004.52 TFFU
Wright Field Personal Correspondence.

22 (1) Maj A. E. Holland, Report: War Plan for
Signal Corps Photographic Division, Incl to Memo,
Capt Schlosberg for Holland, 18 Jul 38, sub: Active
duty tng. SigC 000.7 Publicity Photo Div, Nov 29—
Mar 39. (2) Interv with Holland, 15 Mar 48, Wash-
ington, D. C.
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Signal Corps Board wanted to use it in
connection with an important study
brought on by the imminence of the new
SCR-270 radar. The report was denied to
the Board “pending staff action,” which
was to say, “Because there is only one
copy and no typist to make another.” The
Board of course went ahead and wrote up
its study as scheduled, but without any
light which might have been shed upon it
by the other material.**

Yet whatever the brake, large or trivial,
foreign or home-grown, the Army was
perceptibly getting into motion. Each suc-
ceeding report of the Chief of Staff or of
the Secretary made the fact plainer. More
than in the panoramic generalities, the
acceleration could be surely measured in
the details, the minutiae of the process—
such as rhombic antennas encroaching
upon equitation fields.

One of the preparatory devices was the
educational order, and the Signal Corps,
although slow to take it up, ultimately
placed two dozen of them.®** Western
Electric, General Electric, Stewart-War-
ner, Stromberg-Carlson, Farnsworth, U.S.
Rubber, Roebling, Anaconda, and others
on Signal Corps survey lists got the orders,
although few of those companies were
subject to education in the sense meant.
In announcing the plan, Louis Johnson,
the Assistant Secretary of War, explained
that the intention was to instruct a manu-
facturer in the demands which war might
make and to instruct the military agencies
in the amounts and rates of production
which they could look forward to.

This pair of conditions had little inter-
est for the Signal Corps and its manufac-
turers. The connection established with
industry was so close and the industry it-
self so closely grouped that there was not
much doubt where production orders
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would go. The Ordnance Department,
which seems to get the credit for conceiv-
ing educational orders, had observed this
circumstance in both the Signal Corps,
which had a commercial communications
industry to count upon, and the Air
Corps, which had a commercial aircraft
industry. Ordnance was interested in find-
ing out how much munitions expansion
the nation’s industry could absorb. There
was no civilian market to spur ordnance
development and manufacture, and time
of war would require production of weap-
ons by manufacturers who had never
made anything like them.

This was not the problem for the Signal
Corps, or at any rate was not thought to
be. Undiscerned in its most chilling pos-
sibilities but at least detected on the hori-
zon was the contest for raw materials
which educational orders could not re-
solve. Mica, quartz, rubber, and silk were
all going on the strategic list.>® In the
competition for them the most orderly
plan would falter. Yet it was still too early
for critical shortages to be apprehended
very clearly. The Signal Corps Labora-
tories had turned down acetate in favor of
pure silk for telephone insulation and the
outer wrapping of the telephone cord, al-
though a number of concerns had in-
dicated their willingness to use the substi-

23 Litr, SigC Bd to CSigQ, 24 Jun 39, sub: Study on
AWS, and Ist Ind Reply, 28 jun 39. SigC 676.3
(AWS) Gen 1.

24 (1) Ltr, Louis Johnson, ASW, to CSigO e al., 20
Jun 38, sub: Program under educational order legisla-
tion; (2) Ltr, Col Harry K. Rutherford, OD, Exec
Officer Plng Br OASW, to CSigO et al., 21 Jun 38,
sub: Educational orders; (3) [Capt Byron S. Falk,
SigC], Educational Orders, 1936-37, MS. OCSigO
Proc Plng Sec File.

2" Office of the Assistant Secretary of War Under
the Protective Mobilization Plan and the Industrial
Mobilization Plan, 15 Jul 39, pp. 16-18. AG 381 Mob
Plan.
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tute; and the Infantry was insisting upon
latex insulation of field wire, although it
had the double disadvantage of being pro-
duceable by only a few companies and of
demanding a highly strategic material.?

Beginning with the 1939 fiscal year,
Congress made an annual sum of $2,000,-
000 available for educational orders and
before the fiscal year was out amended the
legislation to permit $34,500,000 to be
spent on them within three years.”” The
Signal Corps’ action was to settle upon
orders for items which required little re-
tooling of the plant production line. Be-
cause its equipment, like that of the Air
Corps, was likely to change overnight and
require a whole new manufacturing proc-
ess along with the change, there was no
question of placing an order to educate a
manufacturer in a course of production
which might never be used again. Accord-
ingly, Signal Corps procurement planners
decided to emphasize the two items which
were least likely to change, the two which
were also the backbone of signal equip-
ment: wire and telephones. The basic
design for field wire 110-B and for the
EE-8 field telephone had not changed for
ten years (and continued unchanged in
the war which followed).

Once begun, the educational orders
were a success. They streamlined specifi-
cations and indicated that the production
rate could rise by forty or fifty times. The
cost of the field wire program was $63,000,
a comparatively small expenditure for
such large returns. As a direct result of this
program, the Signal Corps placed other
orders for items like switchboard, cord,
and radio equipment for which require-
ments were known to exceed the surveyed
capacity.”® The program was a success
only by prewar standards, however. The
ultimate goal was underestimated by so
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much that the effort toward it fell very far
short. The 1924 mobilization plan had
guessed at a need for 4,000,000 dry bat-
teries monthly six months after an M Day;
the 1927 plan had knocked the guess
down to 1,500,000; the 1939 estimate put
it back and moved it beyond, to 5,000,000
but the production during the ensuing
war twice reached 21,700,000. Although
it had perceptibly increased, procurement
was still under tight rein. The value of
Signal Corps obligations in 1939 was
$6,000,000 but in 1943 it was $3,000,000,-
000. The amount obligated to procure-
ment for Signal Corps research and devel-
opment in 1939 was a thousandth of what
it became in 1943.%

The Army could not read the future
any more closely in terms of manpower.
Mobilization estimates were a thorough-
going piece of guesswork—thoroughgoing,
but guesswork. Any plan, even the most
carefully engineered, had its feet in a bog,
its head in a fog. Yet the ability to respond
when events put the nation on guard, then
at defense positions, then on a full war
footing would have been unattainable
without the plans. Calculations of the rate
at which personnel could be obtained

28 (1) SigC 400.1141 Gen 17, passim. (2) L. H. ‘Drake
and F. W. Thomas, Production Div Phila SigC Proc
District, Industrial Summary: Signal Corps Procure-
ment of Wire and Cable With Recommended Oper-
ating Procedures, 16 Jan 46, p. 13. SigC Hist Sec File.

27 Publication 639, 75th Cong, 1st Sess, 16 Jun 38;
amended in Sec. 13 of Publication 18, 76th Cong, 1st
Sess, 3 Apr 39.

28 Brig Gen Calvert H. Arnold, Chief P&D Div
OCSigO, Procurement in the Signal Corps, lecture
given in Army Industrial College, Washington, D. C,,
26 Feb 46, pp. 2-3. SigC Hist Sec File.

22 (1) Henry C. C. Shute, Production Div Phila
SigC Proc District, Industrial Summary: Signal Corps
Procurement of Dry Batteries With Recommended
Procedures, 15 Jan 46, pp. 7, 50. SigC Hist Sec File.
(2) Arnold lecture cited n. 28. (3) OCSigO P&D Sv,
Dry Batteries Supply and Demand, Mar and Apr 45.
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started off, like equipment-rate calcula-
tions, from whatever facts could be gath-
ered. The numbers, being few, were
quickly arrived at.

Three and a half square divisions scat-
tered over 130 Army posts pretty much
typified the land power of the United
States. There were sixty-two air squad-
rons, all half a dozen years behind the
fierce Luftwaffe. There was no independ-
ent battle fleet in the Atlantic, and Jap-
anese naval strength surged in the Pacific.
The 188,000 Regular Army men in the
three and a half divisions, in the sixty-two
air squadrons, and in a multitude of ad-
ministrative, service, and technical assign-
ments constituted the nucleus of an initial
protective force. This force was to be
ready to defend the United States, Pan-
ama, and Hawaii within thirty days of the
mobilization call. At the second stage, the
Protective Mobilization Plan would as-
semble 700,000 more men, in consonance
with the Industrial Mobilization Plan
necessary to equip them. Third, augmen-
tations would create a total force of
4,000,000 within about thirteen months
from the start of the process. The god of
war being willing, planned mobilization
could replace an overwhelming influx
with an even and balanced growth.*°

The Signal Corps had approximately
1.5 percent of the officers and 2 percent of
the enlisted men of the Regular Army. In
the initial protective strength, this was the
Signal fiber. Strength was not a matter of
simple measurement, however. Personnel
figures appeared in several guises; one
could cite authorized strength, appropri-
ated strength, allotted strength, active
duty strength, and still none would repre-
sent the actual strength. Authorized
strength was the figure set forth in the
National Defense Act and its amend-
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ments. It was wide of the mark, for the ap-
propriations each year stopped well short
of maintaining it. The original figure au-
thorized to the Army in the Thomason
Act, for one example, was 1,000, but the
1940 budget pared it to 500.** An author-
ization was a promissory note; an appro-
priation was a savings account. Appro-
priations went to the War Department as
a whole, and the shares of the individual
services were allotted, usually in portions
a bit less than their appropriated strength.
From the allotted figure one subtracted
those who were in school, in transit, or in
hospital—men and officers who were
spoken of as being “in the pipeline’ be-
tween active duty assignments. Subtract
them, and one reached the active duty fig-
ure, still not the actual strength, for the
absence of a substantial number on spe-
cial details lowered the sum further.
Actual strength could have been calcu-
lated only by totting up morning reports,
a process which was not practicable.
When determined, it would have been a
long distance from the most sanguine au-
thorization and not very near to the most
liverish.

By the end of June 1939, when the 1940
fiscal year commenced, the Signal Corps’
strength was still not above 4,000. (The
peak of war strength would put ninety
men in the place of every one.) The totals
in the end-of-the-year reports were 3,687
enlisted men and 248 officers (248 was
exactly the commissioned strength listed

40 (1) Logistics in World War II, Final Report of the
Army Service Forces, I July 1947 (Washington, 1948),
p. 116. (2) WD Public Relations Br, Statement by
Brig Gen Harry L. Twaddle Before the Truman
Committee, 24 Apr 41. AG 381 (11-29-40) Sec 1.

31 Hearings Before a Subcommittee of the Committee on
Appropriations, HR, 76th Cong, 1st Sess, On the Mili-
tary Establishment Appropriation Bill for 1940, state-
ment of Lt Col W. P. Wattles, 7 Feb 39, p. 659.
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a dozen years before, and in the interven-
ing time the total had been lower). What
this represented was in effect actual
strength, as an analysis of the second fig-
ure shows: 288 officers held commissions
in the Signal Corps; 56 of the 288 were
detailed elsewhere, principally to the Air
Corps; 232 Signal Corps officers were
therefore on active duty with the Signal
Corps; but in addition 16 had been de-
tailed to the Signal Corps from other
arms; thus, 248. In the authorized figures,
one officer out of every half dozen was a
ghost. The allotted officer strength, the
Signal Corps’ portion of the 12,760 Regu-
lar Army officers provided for in the fiscal
year 1939 appropriations, was 262; and
this paper figure was 38 officers short of
the 300 theoretically permitted under the
National Defense Act amendment of the
year before. The difference between the
authorized number of officers and the
number actually present to do the Signal
Corps’ business was thus 52—the 16%
percent discount on the promissory note.*”

To the military strength of the Signal
Corps one could add the civilian em-
ployees. In 1939 there were 863, working
in the laboratories, the depot sections, the
Chief’s office, through the continental
United States, and beyond in its terri-
tories. Statutory paradoxes caused civiliari
strength to wilt a bit, too. The Classifica-
tion Act provided for systematic increases
in salaries, but the appropriation acts year
by year contained a clause which in effect
nullified the increase except for those with
the lowest seniority and sometimes with
the least competence. At the opening of
the fiscal year 1940, the outlook for civil-
ians somewhat improved, with Congres-
sional appropriation for small rises in pay
and a modest hope that ultimately em-
ployees could dream of sixty-dollar pro-
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motions every four years.*® Counting its
civilians lifted the Signal Corps closer to
five thousand than to four, but this could
hardly be called a prefiguration of a major
military service of a major power. A com-
pany of Galahads equipped with Cadmean
dragons’ teeth would have been more
like it.

Mauborgne pressed the contention that
Signal Corps increase under a defense
mobilization would have to be large. In
the first place, he argued, the Signal Corps
was a three-in-one in the Army; a combat
branch, asupply branch, and a headquar-
ters branch, in the headquarters function
alone taking responsibility for signal intel-
ligence operations, training-film produc-
tion, and the War Department Message
Center. Second, the Signal Corps also
served joint Army-Navy policies, as the
recent need to create a Communication
Liaison Division demonstrated. Third,
wartime indicated an important role in
civilian radio, and, as for wire, would
oblige the Signal Corps to become a lead-
ing stockholder in long-distance telephone
lines, teletypewriter exchanges, and fac-
simile circuits.®’ At that, the conception
was drawn in terms of a solely protective
force. Tests of the new triangular division
were conducted at peace strength and
under the assumption that the United
States could be involved only in protective
warfare. Secretary Woodring currently
took pride in the reduction of mobiliza-
tion plans “to sensible working propor-

(1) SW, Annual Reports, 1939, 1940, 1941: Table A

in each case. (2) Capt Wilson G. Burden, Signal Corps
Strength, Nov 45, p. 8. OCSigO Career Management
File.

33 Pers Control Book of the CSigO, FY 39. OCSigO
Central Files.

3 Ltr, Gen Mauborgne to TAG, 24 Sep 38, sub:
Mob Plans WD Offices in Washington, D. C. SigG
381 Gen 10, 1938.
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tions.” Eighty percent of the important
nonradio items required for inactive units
were for the Coast Artillery, a defensive
arm.*’

Even under this assumption the Signal
Corps would need many persons. In radio
the demand would be for specialists who
had never been missed when all that was
required was the twiddling of a screwdriv-
er to free a circuit. Even the men who
started off untrained would have to show
some knowledge of radio engineering. In
view of the fact, however, that the nation
was richly supplied with wire and all of its
advantages, radio was not dominant in
Signal Corps mobilization plans. Wire
was, especially in administrative commu-
nications which were much the larger part
of Signal Corps responsibility.

The fact that the administrative system
had now pretty generally changed over
from telegraph to teletype was a matter of
great pride. There were dissenters who felt
that the Signal Corps and the communi-
cations industry were making a mistake
in discarding Morse. Two promoters rep-
resented this point of view obliquely—
“technical etiologists” who proposed to lift
the Postal Telegraph Company from its
fatal illness, restore it to health, and with-
in two years transform it into a flourishing
source of at least 50,000 trained Morse
operators for the Army to draw upon.*®
They believed that the Signal Corps was
wrong to imitate the big commercial wire
trust in giving up telegraph for teletype,
because teletype would be unadaptable to
tactical situations.

Despite the forlornness of the etiolo-
gists’ proposal to rouse a dead horse, gal-
lop forward, and tilt at lances with the
giant Bell, there was a point to be made in
favor of retaining Morse. Wire might
have outgrown telegraphy, but radio had
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not. Voice radio was not yet common;
most message sending over wireless went
by dif’s and dak’s from the clicking key.
The days were coming when because of
this fact hundreds of thousands of young
men—at Fort Monmouth, Camp Crow-
der, and the aviation cadet centers, for
example—would be learning “code.” Air
operations would employ it heavily; and
on the ground advanced tactical commu-
nications would frequently need it and so
would much of the administrative system.
Fifty thousand telegraphers could then
have been welcomed. In a setting of de-
fense, they did not figure, first because the
Army’s need for skilled “fists’’ could pre-
sumably be met from its own ranks and
those of the organized amateurs, and sec-
ond because the theater of action, the
home scene, would enjoy the full resources
of a universal wire system of telephone and
teletype.

The big commercial wire system was a
central part of the Signal Corps’ plans. Of
the 20,000,000 telephones in the nation,
the Bell System operated 80 percent;
6,000 independent companies operated
the others. In December 1938 General
Mauborgne invited officials of AT&T toa
conference. As a result of the discussion
and a joint study by Carroll O. Bickel-
haupt of the company and the war plans
unit in General Mauborgne’s office, a new

35 (1) Signal Corps Information Letter, No. 21
(April 10, 1939), pp. 10-14. (2) Congressional hear-
ings cited n. 31, statement of Harry W. Woodring, 24
Jan 39, p. 2. (3) Chart: Important Non-Radio Items
Required for Inactive Units, 28 Nov 38, Incl with
Memo, Exec Officer OCSigO for ACofS G-4, 30 Nov
38; (4) Memo, Exec Officer OCSigO for ACofS G-3,
28 Sep 38. SigC 381 Gen 10, 1938.

3 2d Ind, Exec Officer OCSigO to TAG, 9 Apr 38,
on Ltr, Frank Paync and D. Sherrill Talmage to
CofS, 4 Apr 38, sub: Dangers to national defense with
recommendations for averting leading causes thereof.
SigC 381 Gen 10, 1938.
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Affiliated Plan crystallized, evolving in re-
lation to the Protective Mobilization Plan.
The PMP mapped out the organizatisn
of seven signal battalions in addition to
the Regular establishment’s two, a signal
construction battalion, two independent
signal companies, and three signal depot
companies. It looked ahead also to expan-
sion of the Office of the Chief Signal
Officer, organization of a GHQ signal
service and of a GHQ Air Force signal
battalion, and provision of commissioned
and enlisted personnel to four field armies
and the headquarters of the Atlantic,
Pacific, and Gulf frontiers. Augmentations
of the PMP contemplated thirty more sig-
nal battalions and seventeen more signal
companies. All of these would require
telephone men.

The joint commercial-Army planning
assumed that the Signal Corps would
grow to 18,500 in the initial phase of mo-
bilization and to 62,500 when the aug-
mentations were complete. Bell had
78,800 male employees under forty-five.
According to expectation, Affiliated mobi-
lization would probably take 5,659; the
rest would stay with the system, whose
position in the defense plan discouraged
the withdrawal of more. Of the 5,659
Affiliated men from Bell, 143 would serve
in the Chief’s office, the procurement dis-
tricts, laboratories, schools, training cen-
ters, and corps area headquarters. Every-
one else would be assigned to units. To
nondivisional units. That is to say, to out-
fits primarily concerned with the admin-
istrative wire system, supply, and pole-line
construction.”

Divisional signal units, whose men
would be performing tactical signal func-
tions, had an allotment from the Protec-
tive Mobilization Plan of 469 officers and
11,390 enlisted men, organized in fifty-
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four signal companies for Infantry divi-
sions and twelve signal troops for Cavalry
divisions and a thirteenth for the Cavalry
Corps. When mobilization brought these
units to life, they would need cadres
around which to grow. The intention was
to put trained specialists in as the nucleus,
because the remaining members of the or-
ganization would be new to their tasks. At
any stage before mobilization, most of the
potential cadremen were detailed to
duties in which they could be replaced.
Upon mobilization, according to plan,
they would transfer to the field, taking
their skills and their good physical condi-
tion to the new units, while limited-service
personnel or civilians moved in behind
them.

There were many possibilities for the
Signal Corps in such a plan. Many Army
assignments did not require a technician.
Noncombatants, whether men or women,
could undertake them. One of the greatest
advantages in changing over to teletype in
the administrative wire system lay in the
fact that the machine absorbed much of
the technical burden and required of the
operator only that he could type. The Sig-
nal Corps had employed women with
great success as telephone operators in
World War I; women would also serve ex-
pertly as typists, code clerks, laboratory
assistants, and in a multitude of other
zone of interior occupations. The “basic”
civilian, like the “basic” soldier, would be
most in demand; but accountants, law-
yers, industrial specialists, statisticians
would join echelons of technicians, engi-

3 (1) Ruth Sadler, History of the Signal Corps
Affiliated Plan, Aug 44, pp. 20-21. SigC Hist Sec
File. (2) [Carroll O. Bickelhaupt ef al.], Report: Pro-
curement of Signal Corps Personnel From the Bell
Telephone System in an Emergency; (3) Ltr, Actg
CSigO to TAG, 8 Aug 39, same sub. SigC 381 Affili-
ated Units 6.
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neers, and scientists. If war were to make
the Signal Corps’ military strength grow
at arate of ninety to one, it would increase
the civilian strength in a nearly compar-
able proportion. But the time had not yet
come for that. The present outlook was
modest. In Signal Corps estimates, it was
1,376. This was the number of positions
held by its enlisted men which the Signal
Corps presumed civilians could fill. Gen-
eral Mauborgne doubted that a civilian
could replace an officer. The positions set
up to effect the civilian replacement of en-
listed men would assign them as every-
thing from janitors at $1,080 to radio,
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sound, and telephone engineers at $3,200.
If all 1,376 positions were filled by civil-
ians, the Congress would have to appro-
priate $2,253,920 every year to pay their
salaries.*® ‘But no one could move just yet,
whether Congressman, general, or com-
mon citizen. These were plans, not action,
the abeyance, not the world war; and
there were few persons who were eager to
hurry them into effect.

3% (1) Memo, Exec Officer OCSigO for ACofS G-3,
cited n. 35(4). (2) 1st Memo Ind Reply, 30 Aug 39, on
Memo, Actg ACofS G-1 for CSigQO, 25 Aug 39. SigC
OT 322 Gen, 1941.



CHAPTER V

Equipment

Search and

Research

If manpower must remain in abeyance,
such was not wholly the case with ma-
tériel.' Plans could be made for the amass-
ing of signal equipment without some of
the anxious implications of war which at-
tended plans for manpower. In the first
place, a large bulk of the Signal Corps’
equipment was almost indistinguishable
from that which bore the nation’s daily
interchange of commerce, news, entertain-
ment, and correspondence. In the second,
the equipment which was developed solely
for the uses of war tapped electrophysical
knowledge of the widest consequence and
had a way of giving off peaceful by-prod-
ucts. The challenge of communications
equipment was a challenge in technology.
In this sense it stood apart from the search
for communications men, although not
farther away than the use which com-
munications men had for it. Occasionally
developments like radar broke ranks, and
appeared ahead of a specific demand for
them. Otherwise the technological pat-
terns of use determined, or at the least
molded, the equipment.

The determinants in producing signal
equipment were accordingly the require-
ments of the Signal Corps itself and of the
tactical users. The attributes of the Signal
Corps mission were largely administra-
tive and the equipment required to carry
it out was therefore likely to be of com-

mercial or near-commercial models. The
problems they created, certainly large
enough, were principally problems of
procurement—of planning the equip-
ment, searching it out, and making sure
that enough would be on hand. The tech-
nical challenge resided in the other area of
equipment especially, the equipment for
tactical use in the field—by the Infantry
platoon sergeant, the Coast Artillery
searchlight station, the nine-man crew of a
heavy bomber, the regimental message
center. In this part of its responsibility the
Signal Corps took orders from the In-
fantry, the Coast and Field Artillery, the
Cavalry and Armored Force, the Air
Corps. One or another of the using arms
such as these asked for equipment of a
particular sort to meet a particular antici-
pated need; or the Signal Corps suggested
to them that it would be a good thing for
them to have if it could be developed.

Wire

To those who used the communications
equipment, whether it was of wire or wire-
less design mattered less than whether it
got the message through. Generally speak-
ing, wireless only hovered at the edge;
wire had the central place. The superla-

! See “Signal Corps Equipment, World
War IL.”
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tive research which enabled a radio signal
to be relayed from a front-line handie-
talkie all the way back to the Chief of Staff
was at least a dozen years in the future.’
Even then, such a feat would not be ac-
complished without wire at several points.
In 1939 there was no question that wire
was the primary means of communica-
tion, likely to be dominant in both tactical
and administrative uses. That it lent itself
to secrecy (radio having to broadcast
everything it knew) was only one mark in
its favor. It also enjoyed the advantage of
long establishment and the related ad-
vantages of well-known and abundant
instruments. The lapse of years since
World War I had allowed time to solve
many of the problems of military wire and
to make wire equipment and wire or-
ganization familiar throughout the serv-
ice, while to all those coming into the
Army it was the familiar means of com-
munication known everywhere in the
nation.

The list of Signal Corps wire items in
this year between the Munich blitz and
the panzer blitz began with the wire or
cable itself and opened out three ways,
into telegraphy, telephony, and the new
teletyping. Telegraphy was characterized
by the fact that it sent its messages in
Morse code. The telephone instrument
carried the human voice. Teletypewriters
transmitted messages in printing, or in
inked or perforated symbols which were a
specialized substitute for printing. Each of
the three forms had its equivalent radio
version. Radioteletype was too new to take
into account. Radiotelephony was the
area upon which the most concerted effort
centered. Radiotelegraphy was tempo-
rarily the farthest along of the three, as
was to be expected in the normal course of
development, which achieves code trans-
mission before voice. Wire telegraphy still
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held the field in many uses; the six-pound
manual telegraph set TG-5 was a familiar
item of equipment in World War II. At the
main points of a communications system,
however, wire teletype now replaced wire
telegraph; and radiotelegraph forced a
total abdication of wire wherever it could
not go—into the air, or in a wireless region
like so much of Alaska. Wire telephony
was uppermost in all employment of voice
communication. Wire teletype was so well
liked that it had even regained ground
from radio, by widely supplanting the
Boehme high-speed system.

The standard field wire which the Sig-
nal Corps offered was W-110, the stand-
ard assault wire, W-130. These were
lightweight twisted pairs with limited ca-
pacity and range, but they could be laid
rapidly from reels carried by the construc-
tion crewmen or payed out from the rear
of a truck.®* A mile of twisted-pair field
wire weighed 130 pounds, the same
amount of assault wire, 30 pounds. The
reels upon which wire was wound varied
in size. Two men could carry a small one,
turning it as they went in order to dispense
the wire. The RL-27A, for example, an
axle, weighed but 5 pounds, although
when loaded with a half mile of wire, at
the outset of a wire-laying stint, it was
heavy indeed. The RL-31 weighed 30
pounds and was also hand-cranked. The
large, gasoline-powered RL-26, which re-
placed horse-drawn wire carts, had to be
carried in a vehicle, because, when it was
loaded with two miles of W-110, it weighed
nearly 600 pounds.

*Brig. Gen. Wesley T. Guest (Chief of Sig Plans
and Opns Div OCSigQ), “Planning Integrated Sig-
nal Communications,” and Col. Edwin R. Petzing
(Chief Engr and Tech Div OCSigO), “Engineering
the Integrated Communications System,” Radio and
Television News, December, 1950.

3TM 11-487, Electrical Communication Systems
Equipment, 2 Oct 44, p. 118, par. 614.
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RL-26 (below).
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The battery-powered telephones used
in the field were like standard commercial
ones. Development was complete on the
universal stand-by of the ensuing war, the
EE-8A. The sound-powered telephone,
that interesting return to the first princi-
ples of Alexander Graham Bell, had met
with some success in the testing of the
Navy and commercial models, and now
became the TP (for telephone)-3. It was
later modified so that the bell which gave
its position away to an enemy was re-
placed by a small light. Any field tele-
phone was carried about in a stout case,
made of leather until the oncoming ration-
ing forced the use of cord and fabric
instead.

Although the wire, reels, and telephone
instruments of tactical communication
had changed considerably since World
War I, no comparable redesign had oc-
curred in switchboards. The Laboratories
could have set up projects for new ones ex-
cept that there was already more pressing
business. There were three basic types all
taken from French models of World War I.
The BD (for board}-71 had six “drops,”*
the BD-72, twelve; both were regimental
boards. For division headquarters there
was a 40-line unit, the BD-14. All of these
field switchboards were heavier than they
needed to be, partly because of the storage
battery which was necessary if the board
were to be part of a common battery sys-
tem. Although it was helpful if a field tele-
phone could operate in such a system, so
that it could be put on a desk or hung on
a wall, ordinarily its prime use was in cir-
cumstances where there were no desks or
walls and where a local battery, just to
serve the switchboard, was enough. These
switchboards worked on local batteries
only: that is, they depended upon the dry
cells contained in each field telephone set
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A BATTERY-POWERED TELE-
PHONE, the EE-8A. (Photograph taken
in 1943.)

and in the board itself. The originator of
the call had to crank the handle which
rang up the switchboard operator, who in
turn cranked up enough energy to ring the
telephone of the person being called.

The switchboards for the next higher
echelons were in course of development.
The Signal Corps Laboratories had
recently begun work on the BD-89, for use
between the division and corps head-
quarters. A replacement for the BD-14, it
was a compact 60-line unit which could be
used in part or in whole, either as a few
sections or as the entire set all at once. For

4 That is to say, six lines. The drop is specifically
the small shutter above the plug opening, or jack.
When someone rings the switchboard, the ringing
energizes an electromagnet to release the shutter,

which drops and thereby signals the operator to plug
in for the call.
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A TWELVE-DROP SWITCHBOARD, the BD-72, in a communications dugout.

(Photograph taken in 1943.)

the field army there was to be a full tele-
phone central set, the TC-1. Its switch-
board, the BD-80, had been in process
since 1933, three models having been re-
ceived for testing in January 1938. It, too,
was planned for partial use as required,
with multiples up to six installed side by
side; its capacity was 100 lines. The field
telephone central sets like the TC-1 were
usually transportable by truck, and when
in place provided a complete telephone
exchange for headquarters requiring the
capacity of three-position BD-80’s. The
fixed telephone equipment of the rear
areas was of course like any of the great
central office sets to be seen in the city ter-

minals of the Bell System, as the adminis-
trative wire telegraph and teletypewriter
equipment was similarly to be seen in the
offices of Western Union.

The Signal Corps Laboratories had
looked into the possibilities of using tele-
type in the field as well, starting in the
early 1930’s when it was called telegraph
printer and when the industry first
changed over to using the sort of teletype
which spun out the message on paper
tape. Other armies, the German, for in-
stance, were exploring the same possi-
bility. When page teletype replaced tape
commercially, the Laboratories tested
several page models. Of these, the Tele-
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type Corporation equipment seemed best
and, slighty altered, became standardized
as the TG-7. With auxiliary parts such as
power supply and rectifier, the TG-7
formed both the mobile field teletype-
writer, EE-97, and the fixed equipment,
EE-98. The military teletypewriter em-
ployed the neutral system, which required
fewer parts than the polarential system
generally used in commercial teletype-
writers. Neutral operation alternated
pulses of current with breaks when no
current flowed. Each letter which the
transmitting operator struck on his key-
board was translated, according to the
five-unit code, into a combination of cur-
rent flow (mark) and of current break
(space). This coded combination actuated
the corresponding combination at the re-
ceiving teletypewriter, which automati-
cally typed the letter almost at the same
instant as the transmitting operator was
typing it many miles away.

The biggest problem in the early devel-
opment of a military field teletypewriter
was a reliable power supply which would
put out the stable flow of current necessary
for mark-and-space operation. The cycle
rate could be twenty-five a second or sixty
a second but in any case had to be un-
varying. Even so little as a 3 percent shift
of frequency would affect the printing, for
the electrical impulses had to keep both
the sending and receiving printers in
perfect synchronization. Of six commer-
cial power units that the Signal Corps
Laboratories had tested, none proved sat-
isfactory. The resultant efforts to develop
a reliable field generator led to the PE-77,
a 70-pound d-c generator. Frequently the
300-pound PE-75 which provided com-
mercial alternating current was also used
to power the mobile teletypewriter set
EE-97. The fixed EE-98 was identical
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with the EE-97, except that it lacked this
power unit. Being intended for fixed use,
it could be plugged into commercial
power lines.’

This was the outline of U.S. Army wire
equipment just before World War II. Of
the imminent foes, neither Japan nor Italy
was comparably developed; and what was
known of German equipment made this
pattern look entirely adequate. The Ger-
mans employed light and heavy wires
similar to the Signal Corps’ 130 and 110.
Whereas W-130 was a double conductor,
much of the equivalent German light wire
consisted of a single strand, and the return
was by way of the ground, a method which
the American Army did not employ.® The
two-conductor light wire, which the Ger-
mans did have, used the metallic return
that was universal in American practice.
As for field cable, the Germans had pro-
duced one item of marked importance.
Manufactured in lengths which could be

5 (1) Signal Corps Information Letter, No. | {April,
1934), pp. 7 ff., No. 10 (July, 1936), pp. 13-17, No.
13 (April, 1937), pp. 8-9, No. 15 (October, 1937), p.
7, No. 18 (July, 1938), p. 12, No. 22 (July, 1939),
p- 12, No. 24 (January, 1940), p. 9. (2) Signal Corps
Technical Letter, No. 38 (January, 1943), p. 24. (3)
SCL, Annual Reports, 1936, pp. 21-22, 1937, p. 31,
1938, pp. 33 ff., 1939, pp. 42 ff., 1941, pp. 30-31. (4)
Historical Report of the Signal Corps Engineering
Laboratories, pp. 149-56, 161-62; (5) Hist Sec E&T
Divs OGCSigO, History of Signal Corps Research and
Development in World War 11, 1945-46, Vol. V, Pt.
1, Proj (510)2-4, Pt. 3, Proj 532 (4.32.1), Pt. 4, Projs
574-A, 574-B. SigC Hist Sec File. (6) Rpt, G&E Co-
ordination Bd OCSigO to Chief Com Coordination
Br, 26 May 42, sub: GCase 17 types of W-110 concen-
tric vs. parallel lay. SigC C&E Case 17 Com Coordi-
nation Br Types of W-110. (7) TM 11-487, Electrical
Communication Systems Equipment, pp. 55 ff. (8)
Maj. Gen. Roger B. Colton, “Army Ground Com-
munication Equipment,” Electrical Engineering, LXIV,
No. 5 (May, 1945), 173-74. (9) Interv, SigC Hist Sec
with Col James D. O’Connell, CO SCEL, Belmar,
N.]J., 14 Apr 47.

6 Partly because it makes the line easy to tap, by
electrical induction. FM 11-35, S8ignal Corps Intelli-
gence, 2 Sep 42, pp. 17-18.
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readily handled in the field, their cable
could be laid quickly and joined by means
of pluglike connectors two inches in diam-
eter. Loading coils which much increased
conductivity, range, and general efficiency
could be inserted into the connector. This
was the subsequently famous four-con-
ductor or “quadded” cable captured and
copied by the British and still later adapted
by the Signal Corps as spiral four.

Standard German field telephone sets
were a No. 26 and a No. 33. No. 26,
powered by two battery cells, utilized a
hand-cranked magneto generator and a
buzzer for calling; it weighed about four-
teen and one-half pounds. No. 33 used
only one battery cell and weighed twelve
and one-half pounds. The Signal Corps’
superior EE-8 weighed but about ten
pounds. For small-scale switching in the
field, the German army had a two-line
board which measured only six by six by
two inches and had been developed to the
stage of replacing the bell or buzzer with a
light. The Signal Corps had nothing so
convenient until well along in the war,
when the small plastic SB-5 was pro-
duced. The Germans used two types of
lightweight ten-line switchboards, one
with shutter indication, the other with
audible calling, which compared to the
Signal Corps’ regimental BD-71 and BD-
72. The heavy field switchboard, for
thirty lines, fell in the same category as the
American division boards, BD-14 and
BD-89. In communications for their
higher units, both nations were replacing
hand-keyed Morse code with teletype-
writers, the Germans having adopted the
Siemens and Halske telegraph printers as
standard.”

Radio

Wire was the primary means of com-
munication because so much of the entire
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activity was administrative and rear-area
traffic. For combat, however, an area was
now forming between the divisional wire
and the light assault wire where conven-
tional means were being supplanted. The
twin doctrines of mechanization and mo-
bility promised to send troops out of reach
of the rear wire very soon after a campaign
began; and so long as they might be mov-
ing, there would have to be a link between
the men at the back where the fixed equip-
ment was and the men at the front with
the sound-powered telephones and the
lightest wire. Ultimately, this link was
accomplished either by spiral-four cable
or by radio relay. To the astonishing de-
gree that voice radio came into use, how-
ever, displacing telegraphy and wire tele-
phone everywhere in the forward echelons,
radio became the dominant tactical
communications equipment.

Until that stage was reached, the radio
equipment which the Signal Corps pro-
vided was a subordinate or an appendage
to the wire system. Radios were designed
for the specific uses of artillery batteries or
infantry divisions or interceptor squad-
rons; they were modeled according to a
conception of warfare which did not
require that they be able to bear the main
load or to intercommunicate extensively.
For the most part, the radios worked on
tone or continuous wave signals and in
the middle and high frequencies. Develop-

" They also used radioteletype in the war. See
Mobile Field Interrogation Unit 2, Prisoner of War
Intelligence Bulletin No. 2/18, 9 Dec 44, p. 18.
OCMH Foreign Studies Br File.

TM-E 30-451, Handbook on German Military
Forces, 1 Sep 43, pp. 159-83. This handbook describes
equipment in use several years earlier than 1943. The
tables outlining German radio sets, opposite page 168,
are identical with tables drawn up by the British, en-
titled German Wireless Transmitters and Receivers,
and extracted from Periodical Notes on the German
Army, No. 22, Jun 40. SigC ET 413.44 German Sets
(Wireless Transmitters and Receivers), Copy 5 of 7,
T 1324.
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ment had reached the stages beyond, but
the equipment in the hands of the troops
necessarily represented a point several
years behind research. The hand-cranked
generator was usual, the small loop an-
tenna common, and manual tuning no-
where replaced by pushbutton control.
The equipment was generally bulky and
heavy, even pack sets being “two-man
portables” often enough, and vehicular sets
being more precisely transportable by horse
or truck, from which they were removed
to the ground before setting up in business.
In none of these aspects was the equipment
obsolete; almost all of it was soundly de-
signed and much of it was in wide use in
the forthcoming war. It was obsolete only
in the laboratory, where engineers per-
ceived a multitude of refinements which
could be made in it, and, overshadowed by
the threat of war, felt pressed to put them
into effect.

The chief users of the tactical wireless
equipment were the infantry division with
its supporting ground and air artillery; the
cavalry division and later the armored;
the coastal defense site; and the air group
or squadron. The three oldest sets—no
older than much of the wire equipment,
although they could not, like the wire, go
through an approaching war unchanged-—
were the SCR’s 131, 161, and 171. The
remarkable SCR-131 did see some war-
time service in training camps, but with
its companion sets had already been over-
taken by later development. These three
were continuous wave, short-range, loop
antenna, portable or semiportable, regi-
mental sets, the 131 being intended for
the Infantry and Cavalry, the 161 for the
Field Artillery, and the heavy 171 for
ground-to-air control and even division
headquarters use.

A second group of ground radios could
be distinguished by their intended use for

117

point-to-point and ground-to-air commu-
nications, as well as by the fact that they
employed the superheterodyne receiver.
These were the series 177-78-79 and the
188. They, too, were designed for station-
ary ground use, but at longer range. All
were heavy enough to need to be carried
about in a vehicle, or, in the instance of
the 179, which was an already obsolete
version made for the Cavalry, by a horse.
The SCR-177 was primarily a Coast Artil-
lery Corps set, the 178 was for the Field
Artillery, and the SCR-188 was thought of
as an Air Corps set. The transmitters had
power up to 75 watts, which was sufficient
to send Morse code by continuous wave or
tone signals for distances approaching one
hundred miles, especially in the air, where
the signal could be received much farther
than ground receivers could discern it.
The voice transmission of these sets was
limited to twenty miles or so. Utilizing the
upper reaches of the middle frequencies
and the lower reaches of the high frequen-
cies, they operated chiefly in the region
just above the broadcast band, except for
the 188. This Air Corps ground set, origi-
nally calibrated for the range between
6,200 and 7,700 kilocycles, subsequently
extended its frequency coverage down to
1,500 kilocycles and up to 12.5 megacycles.
Any of these sets, each weighing hundreds
of pounds, had to be operated from the
ground, drawing its power from a gasoline-
driven generator and a dynamotor and
radiating its signals from an antenna
supported by a thirty-foot mast.

The same disadvantages attached to
comparable radios in other armies—the
German 80 W.S.2, for example—but the
knowledge that such was the case in no
way diminished the compelling need to
overcome them. Thus, although the SCR-
177 and the SCR-188 were in frequent

use for several years to come, the function
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THE SCR-131 in operation at Fort Monmouth in 1941,

which they were principally intended to
serve was changing as dramatically as all
other aspects of the use of air power, and
as a result they seemed far out of date
when highly portable sets, mobile sets,
crystal-controlled sets, and frequency-
modulated sets appeared. Under the pres-
sure not only of the Air Corps but of the
Armored and Infantry arms, the drive for
equipment to meet the sudden new tacti-
cal concepts replaced most of the Signal
Corps radios in the 100 series, filled the
200 series, left the 300’s and 400’s almost
entirely open in case daring changes
should be reconsidered and drastic deci-
sions recalled, and went on to the 500’
and 600°s for a whole scale of brilliant
development.®

The rapid change was very greatly more
marked in airborne radio, which was still
an almost wholly new field. If the SCR-

8 (1) Signal Corps Information Letter, Nos. 1-16
(April, 1934-January, 1938), passim under Develop-
ment of Equipment. (2) SCL, Annual Report, 1941,
p- 71. (3) R&D hist cited n. 5(5), Vol. VIII, Pt. 3,
Projs (823) 10-11, 833-A. (4) C&E Cases No. 3, Pur-
chase of 1500 Additional SCR-288 Radio Sets, 15 Nov
41; No. 6, Substitution of Radio Set SCR-284 for
Radio Set SCR-290 for the Coast Artillery Corps, 14
Nov 41; No. 35, Tab D, Signal Equipment Suitable for
Standardization Within and Between Corresponding
U.S. Army and British Commonwealth Army Units,
18 Nov 42. SigC Files. (5) TM 11-227, Radio Com-
munication Equipment, 10 Apr 44, passim. (6) Interv,
SigC Hist Sec with Capt W. W. Van Winkle (formerly
assigned with com systems in Panama), Signal Corps
Sidelights, Vol. I, Pt. 1, pp. 222-26. SigC Hist Sec File.
(7) CSigO, Annual Report, 1943, p. 398. (8) History of
the Philadelphia Signal Corps Procurement District,
IT1, 627 ff. SigC Hist Sec File,
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131 continued in use, its contemporaries
in air equipment did not. Aviation in 1939
was too different from that of the 1920’
for items to be carried over from the earlier
period. The old 134, the liaison set for
bombers, had been replaced by the 187
and a 287 modification. The SCR-187
had been initiated at the first inaugura-
tion of Franklin D. Roosevelt, when it was
used in a nationwide broadcast of an air
view of the ceremony; and in the next
year, 1934, SCR-187’s had been aboard
the pioneer flight of Air Corps bombers to
Alaska. This long-range airborne commu-
nications equipment was very sound. Its
transmitter was so dependable that it was
employed for ground use as well, as a
component of that work horse of early
vehicular radios, the SCR-193. Ttsreceiver
was notable as the first airborne receiver
to incorporate the superheterodyne circuit
successfully. The 187 did not begin to be
replaced until late in the ensuing war, and
even then the receiver component contin-
ued in use on long-range aircraft. One of
the reasons for its long life was its adapt-
ability to frequency changes. For instance,
to obviate the development of a new set
whenever the Air Corps shifted to a differ-
ent frequency band, the Aircraft Radio
Laboratory used plug-in tuning coils, so
that all that was needed in order to change
frequency was to remove one coil assembly
and plug in another.

The opposite number of the long-range
liaison set was the short-range command
set, in this period the SCR-183. Like the
SCR-187, the 183 had been designed to
operate on the 12-volt storage battery then
standard in aircraft. By this time, a 24-volt
battery had become standard, and accord-
ingly an SCR-283 was being readied to
supplant the 183, just as was true of the
287 and the 187. The SCR-183 weighed
somewhat less than fifty pounds. This was
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one point which outmoded it, for aviators
had a dread of anything that increased
the weight of their craft. “The attitude of
most of the flying people,” a Signal Corps
officer remarked with rueful bias, “was
that when war came, the radio equipment
would be left out of the plane and the cor-
responding weight would be used to carry
more machine gun ammunition or more
bombs.” * Another mark against it was
that its maximum range—a continuous-
wave range—was forty-five or fifty miles.
The newer pursuit planes could pass be-
yond that in a few minutes of flight. True,
the pursuits were still on the drafting
board, and hard reality kept the SCR-
183/283 in standard service until 1943.

Nevertheless, aircraft radio design had
to keep up to aircraft design, and accord-
ingly the Air Corps Technical Committee
proposed a command set of a radically
different sort, which the Signal Corps be-
gan to develop as the SCR-240. This was
a noteworthy departure. Nothing like it
had yet been introduced in ground equip-
ment; for both the transmitter and the
receiver were to have crystal control, in
the new sense of a presetting of the crystals
for automatic finding of the frequencies.
To extend the range of a command set
outward toward one hundred miles, as
would be true of the SCR-240, was a great
advantage, but it was an even greater one
to make possible a quick and easy selec-
tion of channels. Relieved of the tedious
and delicate business of dial tuning, the
operator would have only to flick a switch
or press a button. Inasmuch as the opera-
tor in a pursuit craft was the pilot himself,
this was an improvement which the Air
Corps awaited with understandable impa-
tience. The 240, however, was not destined
to fill the bill. Its development, standard-

¢ Interv, SigC Hist Sec with Lt Col W. G. Eaton,
SigC, ARL, 25 Oct 44.
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ization, and procurement lost time all
along the way, and two years elapsed be-
fore the Signal Corps let contracts for it.'?
Only a few SCR-240’s were produced be-
fore they, with their 24-volt partner, the
SCR-261, gave way to the crystal-
controlled command set of the World
War II period: SCR-522.

Meanwhile, the search for a satisfactory
command set took two other turns. First,
the Signal Corps standardized one of its
own Aircraft Radio Laboratory high-
frequency models which the Navy was
already having manufactured. Designated
SCR-274-N, for Navy, despite its origin in
Signal Corps design, it became one of the
most widely used command sets of the war.
Although it was manually tuned and
weighed seventy-five pounds, it had the
advantage of a range which reached out
to 150 miles. The Aircraft Radio Corpora-
tion, Colonial Radio Corporation, and
Western Electric built thousands of them,
the last alone turning out 100,000 by the
end of 1944. Plans for another command
set, which was to have been the very high
frequency SCR-264, faded; but they did
result in a model which illustrated the
Laboratories’ first attempt to move above
the conventional, crowded, high frequen-
cies into the then almost untapped very
high frequencies.*

To the command, or short-range, sets
and the liaison, or long-range, sets which
provided airborne communications, radio
compasses added a navigational comple-
ment. Navigational radio was an out-
growth of World War I direction finding,
which had taken two divergent paths, one
for signal intelligence to follow in the
locating of enemy radio stations, the other
to develop the means by which both ships
and airplanes might take bearings upon
radio communication stations. It was the
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second form which included both the
radio compass in the airplane and the
navigational aids on the ground. On an
instrument panel, the airborne compass
looked like the familiar magnetic com-
pass, although it pointed not to magnetic
north but to the ground transmitter to
which it was tuned. The radio compass,
SCR-186, which had threatened to split
the Aircraft Radio Laboratory apart had
now become a dead issue, and the SCR-
242 was the model in general use. A radio
compass was necessarily light—the one
used with the SCR-274-N weighed only
six pounds—but the ground navigational
aids were proportionately heavy because
they had to receive a comparatively weak
signal from an aerial distance. The ground
set which the Signal Corpsthen had in use
was a Navy item. A cumbersome appara-
tus mounted on a tower, and employing a
large H-shaped Adcock antenna which
had to be rotated by hand, it was never-
theless excellent equipment, and, after
there had been deliberation over it until
the war was already begun, it did get into
wide service.

19 Exhibit A to Memo Rpt, Lt Col Alfred W.
Marriner, Asst Tech Exec Air Mat Div, for Tech
Exec, 6 Aug 41, sub: SigC deficiencies. AF 322.081
SigC Activities 1932-45.

11 More than anything else, the crystal problem
seemes to have blocked early German development of
very high frequency airborne transmitters. The Ger-
mans used only the lowest frequencies of the VHF
band, those between 38.2 and 42.6 megacycles. In the
course of the war, they did use frequencies running
above VHF into the UHF span. They did so, for ex-
ample, in radio link equipment comparable to the
so-called antrac (AN/TRC) sets of the Signal Corps.

(1) Interv, SigC Hist Sec with Ist Lt Lloyd A.
Severson, Signal Corps Sidelights, Vol. I, Pt. I1, p. 309.
SigC Hist Sec File. (2) MID WDGS, Mil Attaché
Rpt 59499, London, 4 Aug 43, sub: German UHF
beamed coms radio type, with incls. (Inclosure 2 dates
the examination of the captured equipment at 7-14
December 1942.) SigC 413.44 German Sets (ET)
T 1324,
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The development of radio compasses,
radio beacons, radio ranges, and other
types of navigational equipment had led
also to apparatus for instrument landing
systems, by which “blind” pilots could be
precisely lined up with the airstrip, di-
rected down the glide path, and safely
landed. The equipment had to be accurate
to the nth degree and the ground compo-
nents highly mobile so that they could be
shifted from one runway to another as the
wind changed. The Aircraft Radio Labo-
ratory had begun to work on the earlier
forms of this equipment, particularly de-
vices to indicate angle of descent, and to
show, on the compass itself, deviations to
left or right. Microwave indicators held
the most promise, and, awaiting only the
delayed approval of the National Acad-
emy of Sciences, the Signal Corps and Air
Corps had already chosen Sperry Gyro-
scope equipment developed in collabora-
tion with Stanford University and the
Massachusetts Institute of Technology.

All of this radio gear, whether for air or
ground, was essentially for heavy tactical
use rather than for the light, mobile, and
lower-echelon demands in sight since the
Texas maneuvers had tested a new ground
conception and the Spanish conflict had
demonstrated a new and deadlier capacity
of air power. There were in addition to
these dozen sets or so another half dozen
which were becoming as important singly
as many of these together. They were the
sets of the immediate future: the vehicular
radios SCR-193 and SCR-245, the first
walkie-talkies SCR-194 and SCR-195,
and the last long-range ground set before
the achievement of coupling range to mo-
tion, the SCR-197. Even more significant
of the prospect were the beginnings of fre-
quency modulation, the Link FM equip-
ment SCR-293 and SCR-294. The impact
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of emergency gave all of these sudden
impetus.*?

Radar

But the most futuristic of all radio sets
was unquestionably radar. Few knew
about it, but those who did were certain of
its importance. The two years of develop-
ment which had followed the dramatic
tests of May 1937 had consolidated the
SCR-268 and brought forth two other
models of ground detector equipment, the
mobile SCR-270 and the fixed SCR-271.
These were the first generation of descent
from the parent equipment; and, like
them, all of the future airborne radar,
MEW radar, and radar countermeasure
devices of the Army, each creating families
of its own, traced their heritage in a direct
line from the SCR-268.

The early demonstration had been suc-
cessful enough to provide justification for
the first serious expansion which the Labo-
ratories had been able to undertake in
anticipation of the war. Promptly a Radio
Position Finding Section had been formed,
to work solely on improving the SCR-268.
The day after the demonstration, the proj-
ect engineers had begun to dismantle the

2 (1) Signal Corps Information Letter, No. 1 (April,
1934), p. 9, No. 2 (July, 1934), p. 9, No. 9 (April,
1936), pp. 10 ff., No. 7 (October, 1935), p. 9, No. 13
(April, 1937), p. 8, No. 16 (January, 1938), pp. 12 ff,,
No. 17 (April, 1938), p. 11, No. 18 (July, 1938), p.
16, No. 20 (January, 1939), p. 23, No. 21 (April,
1939), p. 8. (2) ARL, Annual Reports, 1931, pp. 23,
32, 34, 1932, Projs 6, 9, 10, 1933, pp. 16, 21, 23, 1934,
pp. 13, 19-20, 1937, p. 11, 1938, pp. 7, 18, 1939, pp.
9 ff., 19, 1940, p. 22. (3) R&D hist cited n. 5(5), Vol.
III, Pt. 2, Proj 304-A, Vol. 1, Pt. 3, Proj 105-A, p. 7,
Proj 101-A Proj 304-B, p. 7. (4) John A. Miller, Men
and Volts at War; the Story of General Electric in World
War II (New York: McGraw-Hill Book Company,
Inc., 1947), p. 158. (5) Ltr, Asst Chief of AC to CSigO,
10 Oct 39, sub: Proc of instrument landing system,
with 19 inds. SigC 160 Gen Contract 26.
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equipment preparatory to moving it, be-
cause the Chief of Staff, Gen. Malin Craig,
although impressed by it, had also been
impressed by what he felt was an inade-
quate amount of secrecy for it. After a
brief period of negotiations, the equipment
had been established at Fort Hancock on
Sandy Hook, where, along the holly-grown
dunes of the lonely spit reaching toward
one of the most densely populated areas
of the world, Captain Corput, the project
officer, and Paul E. Watson, the civilian
chief of the new section, set the scene of
the work.

In many ways Sandy Hook was a
natural choice. Fort Hancock was a reser-
vation of the Coast Artillery, for whom the
work was being done. The spot was, more-
over, not far from Fort Monmouth, and,
because it lay athwart heavily traveled
military and commercial air routes, would
have the same advantage for detecting air-
planes by radio pulses as it had had several
years previously for detecting ships by
heat transmissions. Finally, the location
had the advantage of being a peninsula
from which the curious could be easily
warded off, inasmuch as there was but
one land approach. Disadvantages, how-
ever, were almost as great. Sandy Hook
barely clears the ocean; so that the effort
to get the antennas up high enough led to
expedients like the use of four 100-foot
spruce poles, and, a little later, to a request
for room in the Coast Guard lighthouse
station at Navesink, where the Atlantic
Highlands reach a peak of 225 feet. Sandy
Hook also was wholly exposed to the
weather—a baking summer heat, an icy
winter, and seasonal gales which reached
their peak in the devastating hurricane of
September 1938. The most distinct draw-
back of all was the mere fact of the trans-
fer; it caused a loss of several months
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which, to the impatience of the principal
customers, the Air and Coast Artillery
Corps, had to be added on at the other
end of the research span.

The initial stage after the move had
settled down involved a thorough redesign.
Continuing to test the equipment in the
laboratories, after the important visitors
had departed, the project engineers proved
to themselves again what they already
knew: that there was much to be done be-
fore the device could be called an accurate
antiaircraft aid. The thermal element
almost immediately proved disappoint-
ing, and the step-by-step motor which
powered the vertical antenna broke down.
“You will see,” Lt. Col. William R. Blair
explained to General Allison, “that the
equipment is still mechanically crude and
not very reliable, but it is remarkable that
most of our troubles have been mechanical
rather thanradio. . . .” ** The pulse-and-
echo theory was as sound as the theory of
the compression engine. It needed only
the mechanical contriving to make it work.
Both Blair and Allison moved off the scene
just then, Allison leaving office and Blair
being overtaken by an illness which caused
his retirement a year afterward.

Along the mechanical labyrinths indi-
cated, the growing staff continued the
work. One engineer remade the transmit-
ter, another experimented with a cathode-
ray oscilloscope receiver, another built an-
tennas. Among those who made significant
contributions, although not necessarily
this early, were Harold A. Zahl, who pio-
neered in the development of an ultrahigh-
frequency vacuum tube; James Moore,
who principally worked out the valuable
double-tracking or lobe-switching system;

" Memo, Dir SCL for CSigO, 26 May 37, sub:
Tests of AA detection apparatus. SigC FM (SCL)
413.684 Proj 113.
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John J. Slattery, who constructed trans-
mitter antennas; John Marchetti, who
contributed to the final design of the keyer;
Melvin D. Baller, who developed the final
form of the SCR-268’s transmitter; John
Hessel, the engineer of some of the earlier
models of the receiver; and Arthur Vie-
weger, Robert Heller, and Paul Watson,
the chief, who made equivalent contribu-
tions to what became the SCR-270."*

A detachment of men of the 62d Coast
Artillery Regiment, Antiaircraft, stationed
at Fort Hancock, augmented the man-
power, not merely by guarding the secret
site but also by helping to build the equip-
ment and try it out. They were representa-
tive of the skilled enlisted man who would
be expected to cope with the new detector,
and it was invaluable to see how they met
its problems. Their commander, 1st Lt.
Albert F. Cassevant, also threw in his lot
and built an experimental transmitter
which worked well enough to be put to
use in the course of the ensuing service
tests.?

The project continued at first in both
the 110- and 240-megacycle versions, and
with the heat-detector unit as well. All
three disappeared before the third and
final type of the set had been achieved.
For the oncoming service test, which had
been set for the end of the fiscal year, June
1938, the availability of tubes determined
choice of the 110-megacycle model over
the 240-megacycle, which could go no
farther, it appeared, without a specially
designed transmitter tube. To generate the
enormous amount of power needed tosend
a pulse hard enough so that there would
still be something left of it when it re-
bounded was a matter of the greatest con-
cern. A series of tests on all available high-
frequency tubes was resolved temporarily
in favor of the RCA model used at the
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May demonstration, despite the fact that
it took such excessive voltage that its aver-
age life was less than twenty hours. A
transmitter using six tubes instead of the
original two was decided upon, and a
model built after the RCA transmitter
design. Meanwhile, the Laboratories let a
contract to Westinghouse for a more
powerful tube.

Interested visitors watched the progress
of the work. In January 1938 the Chief
Signal Officer came and departed well
satisfied; in February the General Stafl
sent another representative; and in March
the Chief of Coast Artillery paid a call. By
this time, a number of odd, desolate build-
ings, half hangar, half barn, had been
planned for the gale-swept reservation.
They had to be high, because they were
antennashelters; and except for nails, they
could contain no metal much above
ground level because of the misleading
echoes which metal would produce in the
equipment. Both Western Electric and
Westinghouse were to take up firsthand
positions at the site, the government to
put up eight of the antenna shelters for the
former company and a large trapezoidal
structure for the latter.

Experiments and dry runs increasingly
pointed toward final elimination of the
thermal element. Its claim had been accu-
racy. Project engineers now believed that
they could achieve a comparable accuracy
without so much trouble. A method known
as lobe switching, suggested by the princi-
ple of the radio range station, brought

'* Heller subsequently drowned while on duty in
Panama for the installation of some of the first SCR-
271’s. Watson died in 1943.

15 Cassevant’s long experience with radar later
caused him to transfer from the Coast Artillery Corps
to the Signal Corps, where, among other assignments,
he subsequently became commanding officer of the
Evans Signal Laboratory.
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about this change. Whereas two towers of
a range station transmitted an 4 signal
and the other two an ¥, thus creating two
dot-dash and two dash-dot lobes of cover-
age which merged at their outer margins
and told the pilot that he was “on the
beam,” the same principle, applied to the
detector equipment, suggested building
the receiving antenna in double array,
each to cover the lobe of the angle at
which it was erected. An antenna system
which could be switched from one lobe to
another received not one echo but two,
which could thus be co-ordinated on the
oscilloscope with considerable precision.
Again, the theory was sound, and again,
the challenge lay in solving the mechanical
difficulty.

In June 1938, Colonel Colton became
director of the Laboratories.’® At the same
time, the opening of a new fiscal year made
an opportunity to redefine the program,
to give substance to developments which
had been apparent all through the past
year. The work split four ways, although
with the emphasis still almost wholly upon
the original project, the one now officially
designated SCR-268 in a secrecy as im-
penetrable as the Fort Hancock site. What
emphasis was left was directed to the first
offshoot, which was to become the SCR-
270/271. The Radio Position Finding Sec-
tion was not yet in a position to do much
about the third and fourth segments of the
radar program. These two projects merely
left room to expand in later on. The main
work had not reached them. The third
was intended to explore the avenue left
open by the experiments, earlier in the
decade, to detect enemy surface vessels as
they approached a friendly coast; it even-
tually led to equipment called the SCR-
296.'" Experience with radar having
already been sufficiently dazzling to sug-
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gest that anything might be possible, the
fourth was a miscellaneous category, from
which emerged in time, and among other
items of equipment, the range-finder
SCR-547.

Although the work had begun with the
single goal of producing a searchlight-lay-
ing device for antiaircraft batteries, there
had been many evidences that the equip-
ment ought to go beyond that stage and
lay the guns directly, without the interme-
diary of searchlights. If specifications
could be changed in order to permit it,
and if the forthcoming service test could
be hurdled, there was hope that the pri-
mary project would mature as a short-
range, mobile gun layer. Since the Naval
Research Laboratory was much more ad-
vanced than the Signal Corps in short-
range radar, as much consultation oc-
curred as mutual secrecy tolerated.®

The entry of the Air Corps as an inter-
ested customer determined the need for a
model of longer range, to provide early
warning to interceptor squadrons. A
change was taking place in this area also.
Mobility, important to a detector in use
by an antiaircraft crew, did not seem es-
sential to one intended to scan at long
range from a permanent defense site.
Range rather than mobility was the prime
requirement there. In theory, an airplane
93 miles away could be detected at a
thousandth of a second,® but an airplane
930 miles away would take ten times as
long to be detected: a full hundredth ofa
second. These were the postulates; but the

16 Lt. Col. George L. Van Deusen and Capt. David
E. Washburn had served as interim directors.

1" SCEL hist cited n. 5(4), pp. 316-18.

18 Interv, SigC Hist Sec with Gen Mauborgne, Ret.,
Washington, D.C., 1 Dec 48.

19 Le., the radio impulse traveling at the speed of
light, 186,000 miles per second, and going out from
the detector and coming back to it.
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increasing speed and range of aircraft,
and hence the need to find them earlier
and farther, was a sharp reality. Watson
was accordingly designing the great fixed
towers which became characteristic of the
SCR-271, in the hope of extending the
range as far as line-of-sight coverage per-
mitted. Mobility was nevertheless quite
urgent enough to be retained in the spec-
ifications, and as a result the Air Corps
equipment, soon after it became a sep-
arate project, subdivided into what
became known as the SCR-270 and the
SCR-271, the mobile and fixed early
warning detectors.

The need for mobility had forced SCR-
268 development into higher megacycle
bands: from 110 as far as 240, although it
settled at 205. Because the early warning
equipment did not have to be primarily
mobile, it could work with the large an-
tenna which the use of longer waves made
inescapable. The SCR-270/271 work
started out with the RCA long-wave
transmitter first built before the gun-lay-
ing and early warning functions had
become distinct. In August 1938 a prelim-
inary model found a bomber at seventy-
five miles, but more was looked for as of
the time when the Westinghouse tube
would be ready. This item now belonged
to the 270/271 eflort; the contract had
been let with the specific anticipation that,
although the work in progress at the time
might not need such tubes, the long-range
detector certainly would. In October, the
company delivered the first saraples,®
and there was hope that the range spec-
ification could be more than doubled. It
was set at 50 miles, and the engineers
wanted to extend it to 120. Many of the
engineering problems on the equipment
were made simpler by virtue of the SCR-
268 work which had already occurred.
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The circuits were in 110 megacycles, for
example; and for another, there was no
need for double-tracking accuracy, or
hence, for lobe switching. Even height
finding was not called for in the Air Corps’
original specifications.

Experiments to use a single antenna
system for both transmitting and receiv-
ing began in that same autumn, and by
spring were consolidated in a noteworthy
contribution made by Dr. Zahl, who, by
applying the spark-gap principle to the
joint switching mechanism, for the first
time made it possible to switch the power
from the transmitter to the receiver and
back again. The design of the SCR-270/
271 was good enough altogether for the
transmitter to serve all through to Oki-
nawa and the end of the war. Okinawa
was not thought of then. At the outset of
the project, Panama was the first-priority
destination as soon as the equipment could
be made.

The Fort Monroe weather was overcast
and uncertain in November and Decem-
ber 1938, just as in 1919, when it had
frustrated Hoffman’s early thermal tests
at nearby Langley Field. As a result, the
heat-detector unit did not prove itself.
More than 4,000 readings brought the
conclusion that the SCR-268-T1 fell short
of the mark in accuracy. The specifica-
tions called for a maximum deviation of
one degree in both azimuth and elevation,
but the average error was nearly four de-
grees (70.9 mils) in azimuth and more
than two in elevation. Actually, the error
was not so great as that, for the figures av-
eraged readings taken at all angles. It was
then imperfectly understood that radar’s
sharp eyesight became blindness at low

20 The Signal Corps nomenclature given to the tube
was VT-122. It remained standard in all World War
II SCR-270°s and 271’s.



RADAR. The SCR-268 is shown above in action in the Nettuno area of Italy, and the
SCR-270, below, is shown installed in the Ryukyu Islands.
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angles. From this point of view, a short-
range set was especially likely to fail. Yet
although the azimuthal error was indeed
bad, the elevation error was not: it was
close enough to the deviation allowance
to be encouraging. The heat-detector ele-
ment nevertheless could not survive this
demonstration, and again and finally
went out of the specifications for both of
the Coast Artillery Corps detector
projects, this and the SCR-296. The engi-
neers willingly dispensed with it, for lobe
switching gave them a much better
substitute.

If the SCR-268 had faltered in this as-
pect, however, in others it had won
through. For the first time, the flight of
artillery shells was reflected upon an oscil-
loscope; and, after a bad moment when a
relay jarred open, the equipment ap-
peared to be rugged enough to withstand
the shock of nearby gunfire. Its range, fur-
thermore, was distinctly superior to what
was required, another fact which led to
the stepping-up of work on the longer-
range SCR’s 270 and 271. An experi-
mental pressure-cabined bombardment
airplane, precursor of the B-29, had flown
in to Langley from Wright Field; and this
short-range set tracked it to thirty miles.
The most unexpected triumph of all came
during trials with a B-10-B which was
being used in one of the regular night
tests. The pilot was supposed to keep with-
in a 180-degree arc over land; but with-
out realizing that he was being blown off
course-by a high gale he got sixty miles
out to sea before he surrendered to the
urgent warnings of the SCR-268 engineers
who had him exactly plotted on the oscil-
loscope. This misadventure helped to per-
suade Air Corps opinion that the equip-
ment could be considerably more than an
intermediate accessory to air patrol.
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Radar gave promise of patrolling at as
long a range as an airplane could, at the
same time giving the skies a much finer
combing. Most noteworthy, however, was
the fact that in this return of the hapless
B-10 to the safety of land, radar heralded
its use as an aid to air navigation.

In little more than a month after the
service test was over, the Coast Artillery
Board wrote up its decision. Electronic
detectors would replace their sound lo-
cators so soon as they could be standard-
ized and produced in quantity. The time
lapse between a service test and general
field use put this prospect some distance
into the future, and sound locators did not
forthwith collapse on the junk heap, to be
replaced by the newest thing in radar.
Even farther in the future was the hope to
eliminate searchlights. Searchlight-con-
trol radar remained standard throughout
the oncoming war.?* Further, since the
device could give an ack-ack crew the
data for firing, the board could hope to
put aside the searchlight specification, in
order to plan in terms of the magic invis-
ibility which was its true spirit.

With lobe switching reducing the an-
tenna size, a 205-megacycle SCR-268-T2
model was ready by May 1939. It was
never service tested, because the begin-
ning of war in September left no question
of the priority of the early warning set. In-
stead, Type 3—the SCR-268-T3, a gen-
uinely mobile set even if short of what had
been hoped for—was quickly standard-
ized and put into production on the un-
impeachable ground that something
would be better than nothing. The SCR-
268 “assumed an odd role” in the war.

Nobody liked it very much but everybody
wanted it very badly. . . . Its performance

21 AN/TPL-1.
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was satisfactory for pointing searchlights, al-
though it was considered too bulky. It was
not quite accurate enough for precision gun-
laying, but it was the only available Amer-
ican set that permitted an effective antiair-
craft barrage through overcast. Its power
gave it greater range than necessary for
either of these . . . purposes, but not quite
enough . . . for . . . early warning, . . .2

By June 1939 the early warning radar
was undergoing daily tests from the two-
towered Navesink lighthouse station, the
“Twin Lights” of the coastal region. It
tracked Mitchel Field aircraft out to
ranges approaching 150 miles, but no
more than 80 could be relied on. The first
of the Westinghouse tubes had now been
built into the transmitter. It was a very
large water-cooled triode, oscillating at
the 110 megacycles determined for the
equipment; at its peak, it gave the ex-
traordinary output of 100 kilowatts. How-
ever, 110 megacycles indicated a wave-
length of nearly nine feet and proportion-
ately large antenna size. If electronic
detection were to achieve variety and flex-
ibility, large rotating antennas and huge
towers were out of the question. The Brit-
ish were using even very much longer
waves; their emerging Chain Home sys-
tem, a chain of 240-foot and 350-foot
towers fencing in the homeland, housed
radar constructed in the 23-megacycle
band.?®* But with thirty times as much
area to protect, the continental United
States could not consider anything so
fixed. Microwaves looked like the answer.
The original research had begun in micro-
waves. If a tube could be evolved which
empowered microwave transmissions, the
whole course of radar development could
change.

The two versions of the early warning
equipment were now confirmed. It was
the SCR-270 particularly which was
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being tested from the Twin Lights station;
the set was to be trailer-mounted and at
least as mobile as trucks and highways
could make it. The other series, the SCR-
271, was intended for fixed locations, usu-
ally in permanent buildings. The course
of the war which made fixed radar vital
to the United Kingdom passed it by so far
as the United States was concerned. The
SCR-268 and 270, not the SCR-271, were
sets which saw the wider use, for the very
fact that they were movable, and the
SCR-270 remained standard throughout
the war. In that final peacetime summer
it was approaching its service test, at a
rate considerably accelerated over the
schedule of the SCR-268. Whereas more
than a year and a half had elapsed be-
tween the day when the original 268 was
shown to the high command and the day
when the Fort Monroe readings began,
the SCR-270 service test and its prelimi-
nary unveiling were almost simultaneous.

This event took place late in the year.
The war had begun in Europe; Poland lay
conquered. Again Secretary of War
Woodring, Gen. George C. Marshall and
Maj. Gen. Henry H. Arnold, and other
official visitors were present for a demon-
stration. This time two models of equip-
ment were used and two sites chosen, one
being Twin Lights, the other, West Peak
in Meriden, Connecticut, a thousand-foot
rock formation not far from the center of
the state. From the eastern tip of Long
Island to the New Jersey coast beyond At-
lantic Highlands, the two sets tracked tar-
get aircraft, one following the northeast-
ward course, the other the southwestward,
and consolidating their information by

2 Harry M. Davis, The Signal Corps Development
of U.S. Army Radar Equipment, Pt. II, 1945, pp. 96-
97. SigC Hist Sec File.

2 Rowe, One Story of Radar, p. 32.
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telephone for it to be plotted. At one
point, the Twin Lights station suddenly
went off the air, but a sigh of relief fol-
lowed when Secretary Woodring was dis-
covered to have brushed the stop button
on the rectifier unknowingly. Continuing
tests through December proved the set,
and in May 1940 the Army adopted it.
Thus the Army arrived at the onset of
war in possession of radar. Barely in pos-
session, but in the race with competitors.
British radiolocation research jumped
ahead under the stimulus of war, just as
did American work two years later, when
the United States felt the impact. Lord
Beaverbrook picturesquely compared the
Chain Home system to the golden cock-
erel which crowed at the enemy’s ap-
proach. In the close alliance formed by
war, Britain opened some of its secrets to
France. Neither the Soviet Union, ltaly,
nor Japan had radar, but in 1940 the Jap-
anese began to employ pulsed radiations
and by 1942 produced early warning sets
comparable to the SCR-271 and 270,
these being the Taichi-6 and 7 respective-
ly.?* Germany had not only the Wuerz-

2 Taichi means land-based. R. I. Wilkinson, “A
Short Survey of Japanese Radar,” Electrical Engineer-
ing, LXV (August-September, 1946), 370-77 and
455-63.

20 A number of sources other than those already
cited for this section are pertinent to it, the work of the
late Harry M. Davis, in fact, being continuously valu-
able. Among the sources are: (1) Davis, The Signal
Corps Development of U.S. Army Radar Equipment,
1945, Pts. II (already cited) and III; (2) A Brief His-
tory of the Development of Aircraft Detection Equip-
ment by the Radio Position Finding Section of the
Signal Corps Laboratories, Ft. Monmouth, N. J,
1945; this appears also as Chapter X of the Historical
Report of the Signal Corps Engineering Laboratories;
(3) A Brief History of Early Radar Development in
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burg and Freya, but also other types in
process at various stages from blueprinting
to initial manufacture. When the com-
batants began to use airplanes in World
War I, the Wrights’ invention was eleven
years old and had been in the public do-
main during that time. When World War
IT began, radar was less than four years
old and a heavy secret. To those con-
fronted with the problem of getting Amer-
ican radar into full-scale action in the
conflict, the comparison had some point.?

the U.S. Army, 1945; in a slightly abridged form, this
is to be found also under the title Early Radar Devel-
opment Work by the Sighal Corps. All in SigC Hist
Sec File. (4) Ltr, President SigC Bd to CSigQ, 22 Nov
39, sub: Demonstration of SCR-270-T1 scheduled for
29 Nov 39, Incls | and 2, draft speeches. SigC CE 334
Case 312, Folder 1. (5) Interv, SigC Hist Sec with
Arthur L. Vieweger, Tech Staff Evans Sig Lab,
Belmar, N. J., 15 Apr 47. (6) Notes on German Radar
and on Ultra and Infra-Red Equipment, 29 May 45,
6824 DIC (MIS)/M. 1168. OCMH Foreign Studies
Br File.

The following are printed sources: (7) Harold A.
Zahl, “From an Early Radar Diary,” Coast Artillery
Journal, XCI, No. 2 (March-April, 1948), 8-15. (8)
Roger B. Colton, “Radar in the United States Army:
History and Early Development at the Signal Corps
Laboratories, Fort Monmouth, N. J.,”” Proceedings of
the IRE [Institute of Radio Engineers], TII, No. 11
(November, 1945), 740-53. (9) “Radar: the Tech-
nique,” pp. 142, 144-45, 196, and (10) “Radar: a
Primer,” p. 140, both in Fortune, XXXII, No. 4
(October, 1945). (11) I. E. Mouromtseff, “A Quarter-
Century of Electronics,” Electrical Engineering, LXVI,
No. 2 (February, 1947), 171-77. (12) M. J. Kelly,
“Radar and Bell Laboratories,” pp. 221-55, (13)
“Radar: a Story in Pictures,” pp. 256-82, and (14)
F. R. Lack, “Radar and Western Electric,” pp. 283-
94, all in Bell Telephone Magazine, XXIV (1945-46).
(15) “The SCR-268 Radar,” Electronics, XVIII
(1945), 100-108. (16) David O. Woodbury, Battie-
Jronts of Industry, Westinghouse in World War II (New
York and London: J. Wiley, 1948), pp. 104 ., 268 ff.
(17) A. H. Sullivan, Jr., “German Electronics in
World War II,”* Electrical Engineering, LXVIII, No. 5
(May, 1939), pp. 403-09.
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CHAPTER VI

The Pace of Emergency

The whole military arithmetic multi-
plies “Men, Material, and Me,” the useful
catch phrase of West Point lectures. Infi-
nite variety resides in them. Apart from
Me—a matter of personal concern, vital
but up to the individual—the other two
represent the aims of military prepared-
ness at any stage. Men and equipment,
equipment and men, are the two ends of
the same quarterstaff, the striking power
of the Army.

To the 1939 Signal Corps the problem
of men was not so much acquiring them as
training them. Numbers were less signifi-
cant than capability. The organization was
certainly smaller than it wanted to be; but
so long as war stood off at a distance there
was no prospect of extreme increase, and
the important thing was to make sure that
the men on hand could execute the signal
mission. This mission was performed with
equipment which in the case of the Signal
Corps was always specialized and often
intricate enough to throw the whole
schedule of training well back of the point
at which an emergency would create a de-
mand for finished products. The readying
of equipment could be measured at the
successive stages of laboratory test, service
tests, field tests. The relative preparedness
of the human side of the equation could be
tried out in field problems, maneuvers,
and ultimately in “games” whose imita-
tion of war approached the actuality.

Since its reduction after World War I,
the Signal Corps tactical mission had
stood virtually unchanged. Tactical theory
had not. New developments pressed in,
particularly ground mobility and air
power. The provisional Infantry division
typified one, the accelerated importance
of aircraft warning, the other. In the per-
sisting point of view of the Signal Corps,
both gave more exigency to the old ques-
tion never settled to its satisfaction, the
argument for a unified field signal system.
Communications were by nature single,
and responsibility for them ought not to
be divided: in essence, this was the Signal
Corps position.

Still spelled out in the words of 1921,
the Corps’ ground tactical mission car-
ried down only through the divisional
level. During two decades when no higher
echelon than a division existed, and when
even divisions existed only in fractions,
this arrangement seemed effectually to
wipe out all Signal Corps tactical responsi-
bility and to alter its position as a combat
arm. Responsibility for construction, oper-
ation, issue and basic maintenance stopped
short of the brigade; and from there on,
the Infantry, Artillery, and Cavalry, not
the Signal Corps, carried communications
forward “to the barbed wire” (the Signal
Corps could never forget that General
Pershing had given his signal officer, Brig.
Gen. Edgar Russel, responsibility “for all
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communications from St. Nazaire to the
barbed wire”).! Controlling their own
communications, the combat arms more-
over devised their own signal organization
and conducted their own signal training.

Apparently, then, the tactical duty of
the Signal Corps was chiefly a matter of
developing and supplying equipment
which it was not to use, and of training
men whom it was not to supervise. Signal
Corps officers frequently found themselves
wishing that the whole determination
rested with them. They felt that they
could be trusted to know what was best,
because they were the Army’s communi-
cations experts.

The Signal Corps was charged with the
training of specialists and of special units.
Such technical supervision, carried
throughout the field forces,* was a duty of
long standing, and existed in other tech-
nical services, but it often put the Signal
Corps in a quandary. When developments
advanced signal equipment into the realm
of electronics and signal tables of organi-
zation to the stage where specialists and
special units were listed well front in the
order of battle, as seemed to be fore-
shadowed in radar, aircraft warning com-
panies, and radio intelligence companies,
there was one problem. When, on the
other hand, improvements made signal
equipment simpler, then the Signal Corps’
argument for specialists was weakened
and, in its effort to control tactical com-
munications, it had less reason to plead
operational complexities and the need for
detailed training. If, for example, page
teletype were to supplant Boehme, or
pushbutton voice sets take the place of
continuous wave, then the Signal Corps
mission could be almost limited to devel-
opment, installation, and maintenance.
These were service functions, not tactical.
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Yet the Signal Corps had always been
an arm as well as a service. Was it to
abandon its dual role? Should not the Sig-
nal Corps once again furnish all com-
munications in the Infantry, and com-
munications in the Field Artillery at least
through theregimental level? “It is not my
intention to present any new argument,”
General Mauborgne wrote to General
Craig.® “The War Department is thor-
oughly familiar with the entire subject
and what has been done.” He merely
wanted to say that he had learned that an
informal survey taken during the Texas
tests of the proposed triangular division
had shown the Infantry predominantly in
favor of the Signal Corps view, the Field
Artillery against it, and corps area com-
manders “about equally divided pro and
con.” Why not effect a compromise, “turn-
ing over Infantry communications to the
Signal Corps and leaving Field Artillery
communications unchanged? ” *

He had no more success in extending
Signal Corps tactical boundaries than any
of his predecessors had had. The General
Staff did declare his proposed signal com-
pany satisfactory for the new division,
allowed a division signal officer a small
reserve of signal troops to move about
from one duty to another, and gave radio
intelligence companies a place in the table
of organization for field armies. But the
General Staff did not change its view that
field communication is an instrument of
field command, and that communications

! Memo, Maj Gen George S. Gibbs, Ret., for Gen
Marshall, 27 Jun 40, sub: Sig coms requirements in
preparation for war. SigC 381 Gen 16, Mar-Aug 40.

2 FM 100-5, Tentative Field Service Regulations:
Operations, 1 Oct 39, par. 86.

3 AG Ltr to CSigO, 24 May 37, sub: SigC troops
for test of proposed inf div. AG 320.2 (5-5-37)
(Misc.)-C.

* Memo, CSigO for CofS, 13 Jun 38, sub: Coms for
Infand FA. SigC 676 Gen, 1918-38.
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troops should belong to the field arms in
which they serve.®

Uniform training and co-operative staff
action were therefore all the more worth
stressing. Actual use of the walkie-talkie or
the sound-powered telephone, as well as
the simple training required for them,
would be in the hands of the forward
troops. Use of SCR-268%s, 270’s, and 271’s
would require special training, of units
which the Air Corps or Coast Artillery
Corps would probably take over. Middle-
and long-range transmitting and receiving
equipment and all the network of wire
where tactical communications approach
the strategic would, like radar, require the
closest possible technical supervision. For
tactical signal officers who might feel frus-
trated by an apparent obligation to make
up systems composed of differently trained
men, the answer would lie in their ability
to serve two masters: their branch of the
service and their field assignment. The
obligation of officers assigned within the
Signal Corps itself was to think in terms
flexible and various enough to satisfy the
needs of all arms and integrated enough to
respond to the entire Signal Corps
mission.

Somewhat the same situation existed
with aircraft warning. It should have been
expected to fit squarely within the frame-
work of national military planning. Un-
like the triangular division, which was a
weapon being forged to strike an offensive
blow, an aircraft warning system was a
defensive measure. Defense of the home-
land in the most unassailably moral sense
it was, and therefore public support was
not lacking for it. Nevertheless, the Air-
craft Warning Service was something of a
maverick within the armed forces. No-
body was quite sure who owned it. Re-
sponsibility for air defense, including the
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Aircraft Warning Service rested with the
commanding generals of the four con-
tinental armies and of the overseas depart-
ments.

Studies made in 1931 for erecting a
warning service upon the existing Anti-
Aircraft Artillery Intelligence Service had
produced the conclusion that it would be
a mistake to assign anything so extensive
to a single arm or service, because it would
embrace both military and civilian agen-
cies and would merge telephone, tele-
graph, and radio facilities.® Aircraft warn-
ing was a command function, like tactical
communications. In relation to it the
Chief Signal Officer found himself in
much the same position as with Infantry
or Cavalry responsibility. There had to be
aircraft warning equipment to suit both
the Coast Artillery Corps and the Air
Corps. The Signal Corps was preparing
ultimately to offer SCR-268’s, 270’s, and
271’s, but no frontier or sector commands
existed, as must be the case if these radars
were to be assigned, their sites chosen, and
their crews trained. The general assump-
tion was that individual aircraft warning
services would cover the nation’s coastal
frontiers and oversea possessions, in terms
of large, fixed defense installations.
Already composed of sound locators,
searchlights, harbor artillery, mines, and

® (1) AG Ltr to CSigO, 3 Aug 38, sub: Require-
ments for SigC pers. AG 320.2 (3-2-38) (Misc.)-C. (2)
WDGS WP&T Div, Texas Infantry Division Reor-
ganization Training Tests, Sec 3, Signal Communi-
cation, pp. 95-109.

¢ Eventually the Air Corps came to be the party
most concerned, although especially after the inven-
tion of radar the Signal Corps was scarcely less in-
volved. (1) Memo, ACofS WPD for ACofS G-3, 30
Nov 31, sub: G-3 study 6 Nov 31 on rpt of joint AC-
AA exercises Langley Field Mar 30. WPD 3640. (2)
Arthur P. Watts, History of the Air Defense Com-
mand, pp. 92-98, and Apps. 1, 4, 5, 6. AF Archives
COMD-AD-AAF-HI, 26 Feb 48 (1804-1).
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interceptor airfields, these aircraft warn-
ing sites would be further enhanced by the
new electronic detectors.

The aircraft warning program was up
for study simultaneously with the com-
munications problem of the new ground
army. The Signal Corps was told to plan
aircraft warning companies for both the
fixed defenses and the mobile forces,
“making the maximum use of existing
facilities, including commercial, military
and naval installations.” ” Extensive prep-
aration for detector sites, information
centers, and the aircraft warning units
began in the summer of 1939. At the same
time, the last of the series of peacetime
maneuvers got under way.

Testing Tactical Communications

War was now close enough so that
maneuvers seemed less strange to the lo-
calities where they occurred, although
often still unwelcome. Citizens who denied
the approach of war were likely to object
to the presence of any army at all; and
those who felt it near found no comfort in
the thought of being defended by this one.
To the altogether uninitiated, the maneu-
vering was no more than a few summer
Guardsmen picnicking in the open and
staying off the highway when told not to
Jjam up the Saturday traffic to the beach.

Faced with shortages in equipment and
personnel, signal officers usually drew on
the local market for both. Thus, as often as
not, exercises which had been designed to
train the Army under modern conditions
of war used a civilian wire communication
system, with rented civilian equipment
and with pole lines constructed by civil-
ian crews, and dependent largely upon
civilian switchboard girls, teletypewriter
operators, telephone installation and
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maintenance men, linemen, and clerical
help.?

When communications troops arrived
for maneuvers, their officers ordinarily
had only about three weeks to train and
organize them into headquarters signal
sections, first in groups according to their
duties and later as signal sections under
supervision of the signal officer. Location
of command posts was a lame compro-
mise. Commanders realized that sitesin the
field would give valuable training, afford
a basis for testing equipment and for
ferreting out weaknesses in organization,
put factors of time and space in proper
perspective, and give desk officers a feel of
the ground. But the proper thing was not
easy to do. Communications troops were
required not only to conduct the theoreti-
cal problem but also, as an immediately
practical mission, to put in a communica-
tion system for the umpires and keep it
going; construction by commercial con-
tract was unrealistic; temporary lance-
pole lines were undependable in bad
weather; and a want of enough leased
trunk lines between army and corps
would in part defeat the object of the ex-
ercise. Consequently, command posts
often were placed, not in actual field posi-
tion, but instead in the nearby town or on
the military reservation, in order to be
served by the existing cables.

Troops were still practicing with old
equipment and often setting themselves
~ 7 (1) AG Ltr to CSigO, 10 Mar 39, sub: AWS. AG
660.2 AA (3-8-39) (Misc.)-E. (2) WPD file 3640,
passim. The Chief Signal Officer submitted an initial
study on 26 June 1939 and estimates on 28 August
and 3 November 1939.

& See, for example, (1) Wisc. Telephone Co., Com-
munications Report, Second Army Maneuvers, Au-
gust 1-31, 1940; (2) Traffic Dept, Southwest Bell Tele-
phone Co., Report on Commercial Telephone Com-

munications for Anti-Aircraft Warning Service, U.S.
Army, etc., 7-11 May 40. SigC 354.2 Second Army.



THE PACE OF EMERGENCY

problems which had mellowed out of
World War I. To make an exercise look
like even a moderate success, commanders
assumed existence of conditions which
some of them knew would not exist when
the troops were committed to war. The
few airplanes sounded like eggbeaters, and
in any case the maneuverers fought a
ground war. Except in the airplanes and
for the horse cavalry, radio was wholly
contingent upon wire. There was no fre-
quency problem with wire, whereas the
radio art as it then stood, with every band
allocation crowded, did not permit opera-
tion of an entire army net without inter-
ference. One maneuver report after
another emphasized the importance of
wire—wire in constantly increasing
amounts, because good voice communica-
tion was to be vital to any army whose im-
proved vehicles allowed it to stretch over
a wide area. Yet if troops were to traverse
a wide area, a wireless system would seem
to be indicated, and gradually the reports
began to present this view also. “There is
a real need for securing new data on the
use of radio in a war of movement,” a
Third Army signal officer had anticipated
long before, and he was not alone.?

The summer of 1939 was no climate for
war plans and war maneuvers. Talk of
foreign quarrels emphasized the fact that
they were foreign. Defense measures such
as a program for 5,500 airplanes blew
gustily about in Congress; the military
held up a wet finger, not sure what the
weather was to be and remembering the
last tempest uncertainly. Newsreels of a
mighty parade down the Champs Elysées
suggested that France had an invincible
army; and the fact that there had been no
world war after any of the crises of the
past decade softened the alarm felt as the
Germans produced a sinister six-month
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schedule of them. March 1938, September
1938, March 1939 had threatened and
passed over. There was no reason to know
that September 1939 would bring the final
crisis.

Remarks made by Maj. Gen. Hugh A.
Drum in anticipation of his first Army
maneuvers showed the state of things
military clearly enough. “The First Army
as it has taken the field this month,” he
said, “is not in fact an army.” It was a col-
lection of individual units, partially
equipped, “woefully short” in almost
everything which experience suggested
was essential. There were no corps or
army headquarters. Division headquarters
were skeletons. If he filled in the gaps with
antiaircraft and coastal defense troops,
and from the National Guard, the ROTC,
and the Reserve, he did so by sacrificing
their normal duties and training them in
functions other than those they needed
practice in.*°

Yet the exercises must be held, whatever
their shortcomings. In them, in an effort to
imagine a situation which did not exist,
which nobody wanted to exist, but in
which the Army found its reason for
existence, the mission of each branch of
the service stood out clearly. It was hard
to know whether the mission were being
executed. How know, for instance, whether
you were successfully killing any of the
men opposite you when you had distin-
guished none of them as enemies? Devoid
of the fears and suspicions which alone
give war a meaning, war games had fun-
damentally none. Much of the routine
aspect of Army peacetime maneuvers
TCO]James H. Van Horn, Sig Officer IV
Corps, to CSigQ, 23 Oct 36, sub: Rpt on Third Army
command post exercise. SigC 354.2 Third Army,
1936.

10 Congressional Record,
LXXXV, App., p. 237.

76th Cong, 2d Sess,
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came directly from this lack of source.
They were a double negative.

Negatively they could test many things.
If, for example, assault wire worked in
Wisconsin, it might or might not work in
Burma; but if it did not work in Wiscon-
sin, it could certainly not be counted upon
for the ruggeder use of war. Even the
prospect of maneuvers could show up
wants. The two especially urgent signal
equipment needs were radio communica-
tion for vehicles in motion, and wire sys-
tems which could carry heavy message
traffic at longer ranges than customary.
Wire systems always took precedence in
the maneuver planning. Consideration of
teletypewriter equipment was much in the
foreground because of the obvious need to
speed up telegraphy. The TG-5 was right
enough for the telegrapher himself, but
field commanders were loath to use it
because of the inconvenience of having to
write the message out by hand and get an
operator to pound it out. The Signal Corps
Laboratories had been tentatively work-
ing on their lightweight field printer for
several years,'

Now the First Army maneuvers, at
Plattsburg in upper New York State,
toward the end of August 1939, put com-
mercial teletype equipment to field tests.
Colonel Colton, who was there as an
observer, thought it impracticable in rap-
idly moving situations and urged con-
tinued development of the Laboratories’
field printer, the TG-7-T3, which he pre-
ferred to any of the commercial printers
then in use.'? To the extent that the ma-
neuvers had been heavily dependent upon
leased teletypewriter service, he was right,
for no army could afford to assume that
the Bell System would be on hand wher-
ever needed. Colton also felt that the chief
signal deficiency during the Plattsburg
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maneuvers was the lack of standardized
telephone switchboard facilities at divi-
sion, corps, and army level. Everyone
praised the EE-8 field telephone, and
Colton spoke well of W-110 field wire.
Army and corps message centers at Platts-
burg handled no radio traffic. Their radio
was set up only on an emergency basis, so
supplementary to wire that it was not
called into use at all during the maneuvers.

But despite the pre-eminence of wire,
vehicular radio was a much more pressing
question. Artillerymen and infantrymen
alike used the obsolescent loop-antenna
ground radio sets SCR-131 and 161, as
well as the longer-range 171. The opera-
tors themselves rather liked these old
radios because they could take hard
knocks with very little need for repair. But
they were continuous-wave sets only, and
like the field telegraph made it necessary
for all messages to be written out upon a
blank form and then sent in International
Morse code. Voice communication was
to be desired, and to a degree it was avail-
able. The SCR-193 and SCR-245 were
vehicular equipment with which it was
possible not only to communicate at sixty
miles by the conventional continuous
wave, but also to get fifteen-mile commu-
nication, by voice and while in motion,
over the headset and microphone. These
were standard equipment, but the sounds
received were often forced to swim through
a sea of static.

For its maneuvers, the First Army had
been provided with too few SCR-245
and, at that, with no homogeneoussets. In
at least one case, an organization went all

1* Signal Corps Information Letter, No. 9 (April,
1936), p. 12, and No. 14 (July, 1937), p. 9.

2 Ltr, Col Colton, Dir SCL, to CSigO, 20 Oct 39,
sub: Observers’ rpts on First Army maneuvers at

Plattsburg 20-26 Aug 39. SigC 354.2 First Army 3,
1938-Oct 39.
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the way through the maneuvers without
benefit of vehicular radio. This was the 1st
Tank Company. About a week before
departure for Plattsburg, the company
had received ten SCR-245’s, but the sets
lacked cords and could not be installed."?
The Signal Corps had been able to issue
components only piecemeal as they were
developed and procured, now a transmit-
ter, now a receiver, now an antenna, now
a battery. Public economy still required
the Army to exhaust old equipment or
parts before obtaining and issuing any-
thing new. Consequently, field units had
to request individual components over a
period of several months before they could
assemble any kind of set, and the result
was generally heterogeneous. Ordinarily,
moreover, the field troops had not suffi-
ciently trained their men to install the
radios. The only unit which met this prob-
lem at all well was the 7th Cavalry Brigade
(Mechanized), probably because of the
presence of Capt. Grant A. Williams, an
officer who claimed a pioneer’s part in the
development of tank radio.

In this field, the SCR-193 and 245 were
not ideal. Williams said that “the old
SCR-193 . . . bears almost the same
relations to communications as the Spring-
field Rifle does to the Infantry.” ** It added
200 pounds to the vehicle which carried it
and had to be manually tuned, with the
ever-present likelihood of cutting in upon
somebody else’s frequency. Signal Corps
engineers got much experience in sup-
pressing vehicular radio noise from their
troubles with the 193, which they could
never get to work satisfactorily in a moving
vehicle until they discovered ways of
eliminating the crackling static created
both by the tank’s electrical system and by
the friction of the treads.*®

Along with the SCR-177 and 188, the
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stationary ground sets, the SCR-193 and

245 were among the early Signal Corps

equipment to employ the superheterodyne

receiver. Hitherto, Army receivers had

used only the tuned radio-frequency cir-

cuit, which was simple and sturdy but not

very sensitive. When the initial patent

rights to superheterodyne radio expired

and better tubes began to be made, the
Signal Corps Laboratories had developed
two new receivers, and it was the second
of these, the BC-312, which both the 193

and the 245 employed. The SCR-245 was
even heavier than the SCR-193, and its
operator had to manipulate no fewer than
seven tuning regulators. But at the wish of
the Infantry, Cavalry, and Field Artillery,

the Signal Corps had equipped it with
both crystal and master oscillator circuits.

As the Laboratories’ initial step toward
the use of crystals to control the frequen-

cies in combat radio, the SCR-245 had
specific significance; and in any case,

despite their cumbersomeness or interfer-

ence or the annoyance of having to assem-
ble them in driblets, both of these vehicular-
radios were points of advance.

A really promising pair of items of
Signal Corps equipment in 1939 maneu-
vers was the SCR-194 and 195. They were
the first walkie-talkies. They were the
Laboratories’ earliest experiment in short-
range radiotelephone transceivers, the

13 Memapt James D. O’Connell, O/C Radio
Com Projs SCL, for Dir SCL, 16 Oct 39, sub: Com-
ments on First Army maneuvers Plattsburg. In same
file.

1+ Ltr, Col Grant A. Williams, Ret., to Dr. G. R.
Thompson, OCMH, 31 Dec 49, p. 9. SigC Hist Sec
File.

13 Yet even after the advent of its successor SCR-
506, the 193 remained in very wide use for infantry
divisions. Of the nine vehicular sets assigned to the
radio section of the signal company of an infantry
division as late as 1944, eight were SCR-193’s. TM

11-227, Radio Communication Equipment, 10 Apr
44.
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THE SCR~177. Receiving position showing the BC 314-C and BC 312-C receivers.

fused word transceiver indicating alternate
transmitting and receiving on the same
two tubes. Crystal calibration was built
into them. The 194 operated in a Field
Artillery frequency range of 27-52 mega-
cycles. The 195 was set at 52-65 mega-
cycles for the Infantry. Both were thus
experiments in very high frequency. De-
signed for use on the ground, in a vehicle,
or on a soldier’s back, model sets weighing
about twenty-five pounds had been tested
as early as 1934. At that time the Labora-
tories had decided to take out tone trans-
mission, for Morse code, and make them
voice sets only. In this way they became
field radiotelephones, and shadows of

things to come. Equipped with dry bat-
teries and whip antennas, revised models
had passed Infantry and Field Artillery
service tests in 1935 and 1936, and were
supposed to have gone into production
and first issue in 1937. Short of being pro-
duced under a wartime program, however,
and issued to a wartime army, they
remained all but nonexistent. The inter-
esting difference between them and some
of the other items developed during the
mid-1930’s was precisely in their promise.
They were distinct efforts at mobility,
notably divergent from conceptions of
immobilized warfare.

The SCR-194 and 195 represented,
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moreover, determined attempts to break
through the frequencies barricade. The
frequency bands allotted to military use
seemed chock-full. To serve the conven-
tional ground arms with them had ap-
peared to be as much as could be hoped
for. Then when the expansion of the Air
Corps began, when Infantry communica-
tions were pinpointed almost to the indi-
vidual soldier, and when an armored force
took shape, the demand for frequency
allocation threatened a nightmare. When
the 1st Armored Division, for example,
wanted one hundred radio channels, the
Radiofrequency Control Section could
assign only forty-five. At that, “the con-
gestion which will occur within the Ar-
mored Force will be extreme,” the section
chief, Maj. Wesley T. Guest, commented.
“[Tt will] tax to the fullest extent the
capabilities of the SCR-245 and SCR-193
sets.” ¢

The efforts to escape overcrowding had
been prodding radio to notable advances.
One was the increasing attractiveness of
crystal control, because a process which
disciplined a radio, as crystals could, into
remainingstrictly upon its own frequencies
saved other sets from cross drift and some-
what eased the congestion simply by help-
ing to get the most use out of each fre-
quency. Along with this, the effort to open
more channels had driven radio develop-
ment into ever higher frequency bands.
Supposing a channel to be 10 kilocycles
wide (10,000 cycles), there would be 100
channels in the span of 1 megacycle
(1,000,000 cycles). Thus if equipment
could be successfully set at megacycle cali-
brations, there would be room in the very
high frequency and ultrahigh-frequency
bands for all sorts of special purposes. To
the Signal Corps, parceling out the Army’s
allotted bands, so much to one service, so
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much to another, this meant that while
the long-range corps and division sets had
to remain where they already were, a
whole segment of short-range sets all the
way to platoon radios could be transferred.
The lower section of the frequency band
would be relieved; the upper section would
not be filled up for some time.

This line of reasoning presumed an
orderly development. It did not take into
account an upheaval in communications
which would throw upon American mili-
tary radio a burden as big as the globe.
The Laboratories engineers had turned
their attention tostretching the rigid allot-
ment by developing equipment in the very
high (or ultrahigh) ranges, when peace
exploded. The Germans roared into war,
the United States entered a limited
emergency.

FM

One cast of opinion, within both the
Signal Corps and its using arms, held that
war abroad and maneuvers at home
argued for basic changes, possibly for a
whole new body of equipment to meet the
new tactical organization and doctrine
now winning acceptance. Colton, being in
a position to do so as director of the Labo-
ratories, and urged by Watson, Capt.
James D. O’Connell, Hessel, William S.
Marks, and others, frankly set about to
create a demand for more effective radio
communications, especially for better sta-
bilized tuning and for radio sets which
could be precisely held to frequency by
the use of crystal control. Assembling into
a display almost everything which the
Laboratories had ready, hestarted it off to

16 Memo, Maj Guest for CSigO, 19 Aug 40, sub:
Armored Force radio com. SigC 413.44 Armored
Force (Sets) 1, 1940.
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the combat arms.'” “Compared to the
equipment that was to come, his ‘bag of
tricks’ was small indeed. He did have an
SCR-245 with an actual bona fide crystal,
an SCR-197, an enormous thing in a truck
tractor and a big house trailer, some prim-
itive forms of microwave beam equipment
and a pilot model of a . . . Police set
built under Armstrong.” ** The destination
was Fort Knox, Kentucky, headquarters
of the Mechanized Cavalry Board. For
three weeks in October and November,
1939, the Signal Corps showed its equip-
ment. Ultrahigh-frequency models in 400,
600, and 1,200 megacycles were the
particular object of pride.

But what was most to ease the problem
of frequency congestion, although its early
limitations and untried potentialities as
yet denied it more than a scattering of
Signal Corps support, was also on display
at Fort Knox. It was frequency modula-
tion. Army radio equipment was ampli-
tude-modulated. If all that could be done
to escape overcrowding was to move de-
velopment from high frequencies to very
high and from very high to ultrahigh, the
ultimate prospect was not encouraging. A
solution to the problem of producing a
radio free from interference and static
involved not merely moving to very high
frequencies but finding better ways of
using them as well. Stormy weather, light-
ning, and summer humidity all affected
radio reception, and the roaring, sputter-
ing, and snapping set up by the unshielded
spark-plug system of gasoline engines
made vehicular radio almost impossible.
Skilled operators in attendance upon the
fixed equipment at a remote receiving sta-
tion could often capture a message through
static and interference but were resigned
to being blacked out from time to time.
Vehicular radio was constantly beset. Even
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when the truck or command car which
carried it was not in motion and its engine
not running, any other vehicle passing by
caused trouble and a march column made
the radio all but unusable.

Edwin H. Armstrong appeared to have
found asolution. He had by this time been
making contributions to radio science for
thirty years, his name being spoken with
Marconi’s. His more recent experiments
had come to a visible climax in a great
steel tower transmitter set on the Palisades
at Alpine, New Jersey, and overlooking the
Hudson opposite Yonkers. This was the
first frequency-modulation transmitter.
The electronic industry had soon begun
following up Dr. Armstrong’s invention,
and the General Electric Company had
made FM receivers and erected two FM
transmitters, one on the roof of its plant in
Schenectady, the other on the thirty-one-
story State Office Building in Albany,
fifteen miles away.

In the autumn of 1938 Comdr. Joseph
R. Redman, USN, had seen the General
Electric equipment tested in Schenectady.
“He believes thoroughly,” Colonel Craw-
ford told General Mauborgne, “in the
future of frequency modulation as applied
to the requirements of the military serv-

7 (1) SCL, Annual Report, 1940, pp. 24-25. (2)
Interv, SigC Hist Sec with Maj Gen Roger B. Colton,
Ret., New York, N. Y., 14 Feb 50.

'8 Ltr, Williams to Thompson, cited n. 14, p. 4.
“Colonel Williams’ description of the last named set
was an error. It was originally intended for aircraft
work.” MS comment by Dr. Edwin H. Armstrong, 17
Nov 51. SigC Hist Sec File.

Maj. Gen. James D. O’Connell subsequently
pointed out that the “bag of tricks™ was a sizable one
at the time, representing major accomplishments in
FM. The microwave beam equipment was primitive
only in the sense that it represented the earliest form
of practical microwave radio. Actually, in production
at the Signal Corps Laboratories, it was running
ahead of the radio art of those days. MS comment by
Gen O’Connell, Deputy CSigO, 1953. In same file.
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DR. EDWIN H. ARMSTRONG receiving the Legion of Merit from May. Gen. Harry C.

Ingles, Chief Signal Officer, in 1946.

ices, particularly aircraft,” and added his
own recommendation ‘“‘that the Signal
Corps investigate frequency modulation
with a view to possible adaptation for
Army needs.” ** The Signal Corps did so
at once. Redman’s suggestion of airborne
applications prompted the dispatching of
Lt. Col. Hugh Mitchell, director of the
Aircraft Radio Laboratory, to look at the
Schenectady equipment. At the same
time, Oliver Lewis, a radio engineer in the
Research and Development Division, ex-
pressed his opinion that the disadvantages
of FM “far outweigh any advantages
claimed for increased power and freedom
from noise interference.” In part, he cited

the wide frequency band which satisfac-
tory operation would require, and Maj.
Tom C. Rives agreed with him.?* The
continuous incubus of Signal Corps engi-
neers was frequency congestion; they
could not be expected to shake it off
readily.

For some fifty miles in the vicinity of
the transmitters at Schenectady and Al-
bany, Mitchell rode in an automobile

19 Memao, Col Crawford for GSigO, 8 Oct 38, sub:

FM. General Mauborgne added a note on the same
date, directing the memo “to R&D: for considera-
tion.” SigC 413.44 FM 1, 1938-39.

20 Memo, CSigO for Dir ARL, 12 Oct 38, sub: FM,
with Buckslips, Oliver Lewis to Maj Rives, and Rives
to Lt Col Louis B. Bender, 12 Oct 38. In same file.
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containing a receiver capable of picking
up AM signals as well as the FM. The
contrast was impressive, especially in the
suppression of noise and interference. The
signals from the two FM transmitters did
not overlap, although they were being
radiated simultaneously on the same
41-megacycle frequency. One transmitter
operated with an output of 50 watts, the
other with three times as much, yet the
receiver would pick up now one, now the
other, the stronger always eliminating the
weaker despite the slight difference be-
tween them, whereas an AM signal needed
to be a good twenty times stronger than
any other competitor on the same fre-
quency. Mitchell passed his enthusiasm on
to Mauborgne in a long and detailed
report. Not only was the prospect of noise
suppression in view, but with FM thesame
frequencies could be used over and over
again in areas not very far apart. Mitchell
had no doubts about the immediate desir-
ability of setting up a frequency modula-
tion project at once in the Aircraft Radio
Laboratory.?' Presently a diversion of
funds would enable the Signal Corps Lab-
oratories to add FM to their active proj-
ects. And from the Research and Develop-
ment Division, Rives recommended that
the Signal Corps test it for use as ultrahigh-
frequency command equipment, mecha-
nized vehicle equipment, and as a replace-
ment for the SCR-194 and SCR-195.%*

On 27 and 28 April 1939 the Aircraft
Radio Laboratory tested airborne FM re-
ceivers upon transmissions from the Sche-
nectady and Albany transmitters and also
from the original FM tower in Alpine. The
Signal Corps representatives were again
impressed.?® Mitchell expanded the Air-
craft Radio Laboratory project for the
very high frequency command model
SCR-264 so that the new set would be
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both amplitude- and frequency-modu-
lated, and at the same time gave General
Electric an order for FM sets. But fre-
quency modulation did not find airborne
applications. Even two years later, by mid-
1941, General Electric had not delivered
the equipment. Throughout World War 11
airborne radio remained amplitude-
modulated.*

Thus it was that frequency modulation
would make its great military contribu-
tion in the field of vehicular radio. Depre-
cation from Western Electric-Bell Labora-
tories was overborne by endorsements from
his own staff, and Colton directed the
Signal Corps Laboratories to buy an FM
receiver from General Electric and to
make a mobile 50-watt transmitter. When
the Fort Knox show came up, the receiver
was not very sensitive, and the transmitter
was not very reliable because it was
reactance-modulated. Armstrong’s aid
and pocketbook willingly entered the
scene, and a set was hastily put together
and flown to Kentucky.” It was not by
any means the center or cynosure of the
collection because at this early period in
FM development, the equipment failed to
demonstrate marked superiority for mili-
tary use. A few months later much better
performance was obtained. The Signal
Corps therefore put more of its time and

21 Ltr, Col Mitchell to CSigO, 1 Nov 38, sub: Dem-
onstration of FM vs. AM sigs. In same file.

22 Memo, Maj Rives for Col Bender, R&D Div, 20
Apr 39, sub: Rpt on demonstration of AM-FM at
Schenectady 13 Apr 39. In same file.

23 Memo, Capt Gilbert Hayden, Chief of Com
Unit, for Dir ARL, 3 May 39, sub: FM tests at
Schenectady. In same file.

2¢ ARL, Annual Report, 1941, Proj 47, Item 3, p.
15.

25 Intervs, SigC Hist Sec with Col James D. O’Con-
nell, Dir SCEL, Shark River Hills, N.J., 14 Apr 47,
and Dr. Edwin H. Armstrong, New York, N.Y., 13
Feb 50.
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persuasive efforts into demonstrating the
other items up for view. Somewhat to his
surprise Colton encountered almost more
demand for better radio than he had ex-
pected. Captain Williams had been ex-
ploring crystal control and similar possi-
bilities with other radio enthusiasts, a
course which had led him to Fred M. Link,
a young promoter and small manufacturer
of special emergency mobile radios. Link’s
company had built the amplitude-modu-
lated radios for the Connecticut State
Police, and was due to get the contract for
their frequency-modulated sets in the year
following.

Few demonstrations can have brought
together the inventor, potential civilian
and military users, and manufacturers as
the Fort Knox occasion did. The audience
as a whole was paying scant attention to
FM because it was not yet ready to prove
its case. A heater to provide an ample
supply of boiling water for field kitchens
excited much more interest, thanks to “an
enterprising Quartermaster Officer who
crashed the Signal Corps demonstration
and temporarily stole the show.” 2®

On the afternoon of 16 November 1939,
frequency modulation received its first
demonstration before an all-military audi-
ence. A Link police transmitter and re-
ceiver provided the AM contrast. The
results seemed not altogether conclusive.
“Frequency modulation,” read a subse-
quent report, “‘gives some promise of pro-
viding a somewhat greater discrimination
against ignition interference than the peak
noise limiter used in amplitude modula-
tion. It does not appear in its present state
to be a complete cure-all which will per-
mit noise-free reception of weak signals in
the immediate presence of [an] unshielded
ignition system.” *7

For some months after these Fort Knox
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demonstrations, the Signal Corps Labora-
tories were unable to push FM. “Enthusi-
asm was high, but the means available did
not permit all-out pushing.”?** Radar
research at the time outweighed radio and
the Radar (RPF) Section at the Labora-
tories got the lion’s share of available
funds. Radar funds could no longer be
diverted to communications, and therefore
radio development was much slowed down
from November 1939 to August 1940.*®

Meanwhile, Signal Corps radio engi-
neers, having to content themselves with a
“wait and see” attitude, watched the com-
mercial progress of Armstrong’s new de-
velopment. Colonel Mitchell, Director of
the Aircraft Radio Laboratory, said early
in 1940, “Frequency modulation equip-
ment which we have on order with General
Electric has not been delivered to date so
our information on the subject is limited
for the present to work performed by
others.” ¢

As the Fort Knox disappointment had
shown, the earliest versions of FM were

26 MS comment by Gen O’Connell cited n. 18. The
amusing intrusion of the water heater was attributed
by Col. Grant A. Williams to Capt. C. Elford Smith,
Quartermaster of the 7th Cavalry Brigade. To quote
Williams: “He [Captain Smith] had purchased a type
[of inversion gasoline heater]developed in the upper
Middle West for use in freezing weather to keep water
in the tanks used for watering cattle from freezing.
He had set three of these up in G.I. cans and the wa-
ter boiled furiously . . . attracting far more attention
from the spectators than the radio, much to the dis-
gust of Col. Colton. Ample hot water was something
all could appreciate, radio was still a mystery to all
except a few experts and higher commanders.” Ltr,
Williams to Thompson, cited n. 14, p. 4.

*7 SCL Engr Rpt 701, Summary of Demonstrations
and Tests of Radio Communication Equipment, 25
Nov 39, p. 9. SCEL, Ft. Monmouth.

28 MS comment by Gen O’Connell cited n. 18.

2 MS comment by Maj Gen Roger E. Colton, Ret.,
19 Nov 51, p. 7. SigC Hist Sec File.

30 {1) Ltr, Col Mitchell to Maj Armstrong, 26 Apr
40. SigC 413.44 FM 1, Jan-Sep 40. (2) SCL, Annual
Report, 1940, Proj 10-a, p. 25.
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less efficient than they later became. The
first sets used reactance modulation, which
was not very stable and which could not
operate in motion. Vehicular FM became
really practicable for the Army with Arm-
strong’s perfection of phase shift. At first,
too, the power output compared unfavor-
ably with that of AM sets. At the time of
the Fort Knox demonstrations, it took 50
watts of FM to equal 10 watts of AM.?' A
year later the relation reversed in favor of
FM. There was a very serious drawback in
the fact that asingle FM channel required
a band many times wider than an AM set
needed. Since it was not yet widely com-
prehended that a good many FM trans-
mitters could all “work” the same fre-
quency—this being the attribute which
would have erased the objection—and
since frequency channels were at a pre-
mium, the Office of the Chief Signal
Officer was prompted to plug its ears
against frequency modulation and listen
through static. These considerations,
which made some Signal Corps officers
reluctant to adopt FM too hastily during
early 1940, may have been further condi-
tioned by the fact that the large radio
chains and much of the communications
industry opposed it, and were successful,
indeed, in delaying its general acceptance
even after World War II. Frequency mod-
ulation threatened them because it gave
promise of reopening commercial broad-
casting to competition.?* Amplitude mod-
ulation protected the commercial chains
against encroachment because the Federal
Communications CGommission could not
permit a rival station to begin broadcast-
ing on a frequency which would interfere
with the established station. In stocks of
home radio sets, all amplitude-modulated,
there was also a very large investment.
The Chief Signal Officer could not of
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course commit his organization to FM
until he had proof that it was unquestion-
ably superior in military short-range radios
and until he knew that industry was able
to manufacture intricate FM equipment
in vast quantities. He had to know that
frequency modulation was going to be
good enough to warrant total discard of
the SCR-131, 178, 194 —standard and
well-tried sets. He had to be sure that each
of the arms wanted it enough to be willing
to come together on a few models, for the
War Department’s annual appropriations
made him believe that multiplicity was
out of the question. Finally, crystal con-
trol would be vital for very high frequency

31 It should be noted that the 10 watts of AM was

the unmodulated power. When the transmitter was
modulated, the peaks would go up to 40 watts power.
MS comment by Armstrong cited n. 18.

32 RCA and its subsidiary, National Broadcasting
Company, particularly resisted FM. See: (1) Deposi-
tion of Paul A. de Mars, 2 Jan 42, Interference No.
79, 216, Armstrong vs. Hansell, U.S. Patent Office,
Washington, D.C., p. 186. (2) Hearings Before Commut-
tee on Interstate and Foreign Commerce, Senate: 78th
Cong, 1st Sess, On S. 814, A Bill to Amend the Com-
munications Act of 1934, and for Other Purposes, 3
Nov-16 Dec 43; 80th Cong, 2d Sess, On S. 2231, A
Bill to Limit AM Radio Broadcast Stations to 50,000
Watts and to Provide for Duplication of Clear Chan-
nels, 5-23 Apr 48; 80th Cong, 2d Sess, On Certain
Charges Involving Development of FM Radio and
RCA Patent Policies, 30 Mar, 23 Apr, 12-13 and 21
May 48. (3) Hearings Before Subcommittee of the Com-
mittee on Interstate and Foreign Commerce, Senate: 80th
Cong, 1st Sess, On S. 1333, A Bill to Amend the Com-
munications Act of 1934, and for Other Purposes, 17-
27 Jun 47; 81st Cong, 1st Sess, On S. 1973, A Bill to
Amend the Communications Act of 1934, as
Amended, 16-17 Jun 49. (4) Hearings Before Commilttee
on Interstate and Foreign Commerce, HR, 80th Cong, 2d
Sess, On H. J. Res. 78, A Joint Resolution Relating
to Assignment of a Section of the 50-Megacycle Band
of Radio Frequencies for Frequency Modulation
(FM), 3-4 Feb 48.

(5) [Milton B. Sleeper, ed.], FM Radio Handbook
(Great Barrington, Mass.: FM Company, 1946), Ch.
I (Testimony of Major Armstrong before Senate In-
terstate Commerce Committee, 6 Dec 43), pp. 2, 6.
See also (6) “Revolution in Radio,” Fortune, XX
(October, 1939}, 86 ff.
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radio. The frequency would have to be
found precisely, because no manual tuning
could do in a jolting tank or jeep. Conver-
sion of Army radio equipment to FM in
any degree at all would call for quantities
of crystals, machine-cut to the thousandths
of an inch in thickness. But quartz crystal
was an item of major strategic importance;
almost the whole supply came from Brazil,
and there was yet no proved method for
producing crystals synthetically. Another
year went by before demand forced the
decision.

Moves During the Winter

As the abrupt spectacle of the Septem-
ber conquest of Poland dimmed, the sense
of urgency which it had brought to mili-
tary preparations in the United States
faded. Western Europe was supposed to
have settled into a contemptibly ineffective
war behind the Siegfried and Maginot
Lines. U. S. plans were adequate if they
met hemispheric defense. That in itself
was a long martial step away from defense
solely of the continental United States and
outlying possessions, but, to mention signal
units alone, there were not enough for the
tactical communications of even one army
in one land area. To contemplate man-
ning the western Atlantic from Greenland
to Brazil and the eastern Pacific from the
Aleutian to the Galapagos Islands was out
of the question although only a year away.

The Protective Mobilization Plan envi-
sioned relatively local limits to any theater
of operation, and thought of field forces in
terms of the four regional armies and the
GHQ reserve. It assumed, among other
things, that special organizations or equip-
ment would not be necessary, and that air
superiority would be maintained.*® It did
not recognize the extent to which air
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superiority might depend upon special
radio and radar services almost as impor-
tant ‘as the airplanes and pilots. Signal
Corps officer requirements under the Pro-
tective Mobilization Plan totaled only
319: 106 to serve with troops in the United
States, 22 with National Guard divisions,
48 for overseas service, 67 in the Office of
the Chief Signal Officer, 30 for corps area
commands, 10 for detail to the Air Corps,
31 for detail or assignment to other offices
of the War Department, and 5 for liaison
with the schools of other services.?* Over-
seas garrisons were not included in the
initial protective force, nor did any provi-
sion exist for mobilization assignments of
enlisted men.*

Despite what was generally called
“expansion,” * the situation spoke of un-
readiness, inadequate supply, obsolete
equipment. Substituting vicarious for first-
hand experience, the Army did its plan-
ning and training by guesswork, hoping
that the guess was good. There was cau-
tious development of the triangular divi-
sion, the mechanized Cavalry, and the
Aircraft Warning System. In the Signal
Corps there was cautious assessment of
FM and crystal control.

Along with other arms and services the
Signal Corps campaigned for recruits, not
very successfully. The campaign sought to

3¢ Memo, Col Harry L. Twaddle, Actg ACofS G-3,
for CSigO et al., 10 Feb 41, sub: GHQ reserve troops.
G-3/44984, and also SigC 326.21 Gen 1, Jan-]Jul 41.

#* Memo, CSigO for ACofS G-1, 14 Feb 40, sub:
Budget of SigC officers WD PMP 1939, with | incl.
SigC 381 Gen Mob 15, Jan-Feb 40,

st st Ind, CSigO to CG Fourth Army, 10 Aug 40,
on Ltr, CG Fourth Army to CSigO, 2 Aug 40, sub:
Mob assignments Fourth Army hq. SigC 381 Mob
Assignment Gen 2.

% E. g., “The Signal Corps Expands,” an official
release at a time when expansion could be measured
in inches. Signal Corps Bulletin, No. 107 (January-
March, 1940}, pp. 51 ff.

5%
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lure the unskilled young man with the
offer of technical training, a dignified ap-
proach which often foundered on the
young man’s lack of an elementary educa-
tion. There was no way to remove this
obstacle. To send and receive messages, he
had to be able to read and write. The
promise of Reserve strength was compara-
bly uncertain. The Signal Enlisted Reserve
Corps, a perfunctory organization still on
the books from World War I, had dwin-
dled in a statutory half-light from a peak
never better than 118, and now contained
nine men. It disappeared in the general
1940 suspension of reserve enlistments.
The Regular Army Reserve had been re-
established the year before as a prepared-
ness measure, and offered real encourage-
ment.*” Yet it held only 473 signalmen.
The Officers’ Reserve Corps contained
2,200 Signal Corps names; it was a cer-
tainty that not all of them would be avail-
able in an emergency. Although some
1,700 radio operators were members of the
Army Amateur Radio System and a few
thousand more had received AARS train-
ing, they could not be counted in precise
strength figures because there was no way
of knowing how many would be eligible
for Army service, nor any provision for
channeling into the Signal Corps those
who were.?®

Tables of organization in general were
of little help. The allotment of men de-
pended upon appropriations. Seldom did
the allotments fit the tables, and Col.
Dawson Olmstead said flatly that tables
were so detailed and so rigid that scarcely
a unit in the Army followed its table of
organization. He recommended that the
tables be abandoned entirely in favor of
organization charts, personnel allotments
being cited on the charts as a guide. These
charts would specify organizations, but
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the commander could determine the
assignment of his available strength. Not-
ing a weakness in this plan as it pertained
to the assignment of specialists, Mau-
borgne nevertheless sent it to the War
Department with his concurrence, but
tables of organization continued in use
and it became not a whit less difficult to
effect changes in them.*®

The 51st Signal Battalion turned out to
be the nucleus for what expansion was
taking place or about to take place. Its
contribution toward the future of the
Army became clear after the United States
was involved in the war, when 82 percent
of its 1939-40 complement had become
officers and 16 percent sergeants of the
three highest grades.*® In the last three
months of 1939 the battalion gave up eight
officers and fifty-three enlisted men to
form cadres for new units, including, for
the first time in many years, another sig-
nal battalion, the 62d, activated at Fort
Sam Houston. The prewar expansion per-
sistently borrowed from the left hand to
fill the right. The 1st Radio Intelligence
Company, less than a year after its own
activation, supplied a cadre of eight men
for the 3d when that company was organ-
ized in October. Students from the Signal
Corps School often filled up the ranks of
the 51st when it was needed at working
strength. Improvising a unit in this fashion,
to meet the demands of an exercise and

37 “Today the number enrolled exceeds 20,000
men.” SW, Annual Report, 1939, p. 28.

3% Pauline M. Oakes, Army Command and Admin-
istrative Communications System, Pt. II, 1945, p. 61.
SigC Hist Sec File.

3 Litr, Col Olmstead, President SigC Bd, to TAG
through CSigO, 1 May 40, sub: Simplification of

“T/O’%, and Ist Ind, CSigO to TAG, 9 May 40. SigC

320.3 Gen 9, 1940.
40 Interv, SigC Hist Sec with Lt Col Frank E. Her-
relko, Phila., Pa., 12 Mar 47.
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then to be dissolved, was a misleading
practice because it made things look better
than they were. Certainly it served no use-
ful training purpose, because an impro-
vised organization lived for its day only
and then died.*

Following the Plattsburg maneuvers,
the 1st Signal Company left Fort Mon-
mouth to winter in Georgia. Unexpected
snow and ice added discomfort and, pre-
sumably, greater value to the field train-
ing, but so low was the strength of the
company that forty-nine recruits had had
to be assigned. They were given four weeks
of concentrated training before being put
on signal duty.

The new signal aircraft warning com-
pany emerged with the first of the year.
Having just seen the SCR-270 tests at
Navesink, Secretary Woodring announced
that a command would soon be set up in
the northeastern part of the United States
to prepare warning and defense against
air attack. The new command would co-
ordinate Air Corps pursuit planes, Coast
Artillery Corps antiaircraft guns and
searchlights, and Signal Corps detection
and communication equipment. This was
the first move to give specific character to
the Aircraft Warning Service. For the ini-
tial tactical defense frontier within the
Aircraft Warning Service the War Depart-
ment designated the nation’s most valu-
able and concentrated target area, the
area approximately that of the First Army.
The Signal Corps now knew a little better
where it stood with the aircraft warning
function. Instead of serving an amorphous
coast-to-coast paper organization, it would
serve an Air Defense Command whose
headquarters were at Mitchel Field, Long
Island, and whose chief, Brig. Gen. James
E. Chaney of the Air Corps, would be an
immediate subordinate to General Drum.
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Not only would it provide radar and other
equipment but supply and train the air-
craft warning units as well.**

The very first such unit was not for the
northeast Air Defense Command, after
all. That headquarters came into being
on 26 February 1940,** whereas on 1 Jan-
uary the War Department had established
a Signal Company, Aircraft Warning,
Panama and had ordered it to get ready
for transfer to the spot which defense
strategy most wanted to guard. Created
with an authorized table of organization
of ninety-three men, this company went
into training. At the secret preserve, the
men practiced the strange and uncertain
business of electronic detection, using the
fixed version, the SCR-271, and without
any promise that there would be radar for
them by the time they got to the Canal
Zone.

For General Chaney’s new command,
General Mauborgne planned two aircraft
warning companies.** One unit would be
designated a Signal Company Aircraft
Warning, the other a Signal Company
Operation. The former would have six of-
ficers, the latter five, and each 125 enlisted
men. Three of the officers would be Regu-
lar Army men, the remainder Reservists
called to duty for this assignment. The 250

11 Col Owen S. Albright, ‘Army Signal Communi-
cation, Army-Navy Landing Exercise, Fourth Army,
January 15-22, 1940,” Signal Corps Bulletin, No. 108
(April-June, 1940), pp. 44-66.

42 AG Ltr to CG First Army, 23 May 40, sub: AWS
continental U. 8. SigC 220.3 ADC.

4% For an account in full, see (1) Watts hist cited n.
6(2). (2) Wesley F. Craven and James L. Cate, eds.,
The Army Air Forces in Werld War II, Vol. 1, Plans and
Early Operations: January 1939 to August 1942. (3) Stet-
son Conn and Byron Fairchild, The Defense of the
Western Hemisphere, a two-volume subseries in prep-
aration for the series UNITED STATES ARMY IN
WORLD WAR II

4t Memo, CSigO for Air Defense Bd, 25 Jan 40,
sub: Orgn of SigC troops for ADC. SigC 220.3 ADC.
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enlisted men would derive, the Chief
Signal Officer hoped, from an increase of
that amount in the Signal Corps. The
Signal Company Aircraft Warning would
operate both the detector equipment and
the information center, and organize and
supervise the ground observer system. The
Signal Company Operation would install,
maintain, and operate the usual signal
facilities other than its twin company’s
special equipment. To an extent, it still
was true that, as Signal Service troops of
an Air Defense Command, these com-
panies were neither Signal Corps fish nor
Air Corps fowl. Their commander was to
be Maj. Paul S. Edwards, signal officer on
General Chaney’s staff.

Mauborgne assured General Strong of
the War Plans Division that, if the War
Department could recruit the 250 men
and authorize them to the Signal Service
of the Air Defense Command by the end
of February, they could be trained and
ready for the July maneuvers.*® This was
a real promise, because there was only one
SCR-270 to train them on. It was for lack
of another that the men destined for Pan-
ama were using a 271. The General Staff
had authorized the construction of a sec-
ond 270 set, but no one would see it before
May.

General Mauborgne called attention to
the fact that each of the men must be
trained in Signal Corps specialties before
he could begin team training for his role
in the Air Defense Command. In order to
get them through the curriculum of the
Signal Corps School without delay, he of-
fered to give priority to the men of this
group over all others who were waiting for
the course. He estimated a schedule of
forty-five days for school training, thirty
for combined training, and then assign-
ment to field or maneuver training. The
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Laboratories thought the minimum time to
train them even sketchily to install and
maintain an SCR-270 was ninety days.*¢
Few military men and few civilians were
acquainted with the intricacies of the new
development, because it had no commer-
cial counterpart.

Conforming to these plans in most de-
tails, the 1st Aircraft Warning Company,
Signal Corps, and the 1st Operation Com-
pany, Signal Corps, came into existence
on 1 March 1940. The Signal Corps had
got a 1,600-man increase under the Pro-
tective Mobilization Plan in February, so
that there was no question of its carrying
the further request for the 250 men. The
1,600 were hypothetical, the 250 had to
be real; but there was still no question.
Signalmen from other units manned the
two new companies.

The center of Signal Corps attention to
the aircraft warning program now shifted
to Fort Monmouth, where Olmstead, as
commandant of the school, undertook the
work in co-ordination with the Air De-
fense Command.*” Suppressing his dislike
for tables of organization and tables of
basic allowances, he began to have them
prepared for aircraft warning companies
all over the defense zone. To serve in
Puerto Rico: 4 radar stations linked by

35 Memo, CSigO for Gen Strong, 27 Jan 40, sub:
SigC units for ADC. SigC 381 Gen-Mob 15, Jan-
Feb 40.

16 OCSigO R&W Action 2,,R&D Div to P&T and
Supply Divs, 31 Jul 41, sub: AWS technicians Pan-
ama. SigC 353 Gen MT-38, Feb 39-Dec 41.

47 (1) AG Litr to CO Ft. Monmouth, 27 Feb 40, sub:
Activation of SigC cos. AG 320.2 (2-12-40) M (Ret)
M-C. (2) Memo, CSigO for Lt Col Harry L. Twaddle,
ACofS G-3, 2 Feb 40, sub: Allocation of increase of
1,600 enlisted men in PMP for SigC. SigC 381 Gen
Mob, Jan-Feb 40. (3) 2d Ind, CSigO to Chief of AC,
27 May 40, on Ltr, Capt John L. Hitchings, CAC
(Cav), to TAG, 20 May 40. SigC 676.3 (AWS) Gen
1. (4) Ltr, CSigO to CG ADC, 10 Jun 40, sub: ADC.
8igC School Hq 220.3 ADC.
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radio and (with one exception) by wire
also to the information center. To serve in
Alaska: 4 stations all communicating with
the information center by radio. To serve
in Hawalii: 8 stations, 3 communicating to
the center by wire, 5 by radio. For the
United Statesitself: 10 frontier companies,
of which 5 would have 2 stations each, 3
would have 3 stations each, and 2 would
have 4 stations each. Such was the Signal
Corps schedule for aircraft warning. The
number of men needed for the frontier
companies alone was 3,786.*%

Fortunately, strength was now accumu-
lating. Enlisted rolls had increased to six
thousand and the ratio of officers to en-
listed men was one to twenty. Four times
as many Reserve officers were taking
fifteen-day tours of duty as had the year
before. Revitalization of the Reserve had
begun, officers being weeded out because
they were over the maximum age for the
rank which they held. One hundred and
forty-seven names fell under the red pen-
cil. Nevertheless, the Reserve officer rolls
contained the names of 173 who had been
commissioned within the year, and 13
cadets in the Military Academy were due
to be appointed in the Signal Corps at the
end of the term, so that there was both
Reserve and Regular new blood.**

In May, the men of Signal Company,
Aircraft Warning, Panama left for the
Canal Zone. The SCR-271 with which
they had trained followed them.”® For
Alaska and Hawaii, two more aircraft
warning companies, similarly named, en-
tered the activation stage of planning.
Although there was no radar for them,
and would be none until well on into
1941, these units were at least to prepare
the sites and set up communications nets.

At a time when the British were about
to use radar in order to detect the prein-
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vasion Luftwafle, American aircraft warn-
ing was part of an unreal cotton-batting
world. To say so is not to diminish the
stature of the defense effort, which had
scarcely begun to grow at all, but merely
to'place it in time. Antiaircraft exercises
alerted several Southern States in the sec-
ond week in May. They occurred in a
state of mind which urged that “the ut-
most care [be] employed . . . nottoleave
any feeling of alarm or uneasiness over the
purposes behind these maneuvers.” Even
when the circumstances were predeter-
mined, civilian observers already posted,
and the bombers flying only two miles a
minute, it took forty-five seconds to report
them from fairly close by.

Subsequent history gives mournful
overtones to the words of that period,
when peace was the declared aim and it
was still possible to say, “Experience in
matters of this nature [seems to have] con-
siderable merit, especially in view of the
current situation in Europe.” ** It was a
period when the chairman of the House
Subcommittee on Military Appropria-
tions thought the nation might “hope” to
have a “defense” force “in the next two or
three years.” ** General Mauborgne felt
that he could assure an inquiring Senator

* (1) Ltr, CSigO to Comdt SigC School, 23 May
40, sub: T/O and T/BA for aircraft warning orgns;
(2) 10th Ind, CSigO to TAG, 20 Sep 40, on Ltr, CO
Harbor Defenses of Puget Sound and 14th Coast Ar-
tillery to GG 9th Coast Artillery District, 27 Jul 40,
sub: Aircraft warning cos; (3) Memo, OCSigO for G-3
Sec WDGS, 24 Oct 40. SigC 676.3 (AWS) Gen 1.

1% SW, Annual Report, 1940, App. B.

¢ In June. It went into operation at Fort Sherman,
guarding the Caribbean approach to the Canal, early
in October, thus becoming the first radar in the Amer-
ican defense system. Davis, History of the Signal
Corps Devclopment of U.S. Army Radar Equipment,
Pt. I11, pp. 33-37. SigC Hist Sec File.

51 Southwest Bell Telephone rpt cited n. 8(2), p. 14.

52 Statement by Hon. J. Buell Snyder in Congres-
stonal Record, 76th Cong, 3d Sess, 3 Jan 40-3 Jan 41,
LXXXVI, 316.
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that “the Signal Corps development pro-
gram is progressing as rapidly as funds
appropriated for the purpose will permit,”
but had to say once again, as so many
times .in the past, that “many develop-
ment projects are inactive due to lack of
funds which, if activated, would insure
more rapid progress in the equipment of
Signal Corps units with modern commu-
nication apparatus.” ** And General Mar-
shall, the new Chief of Staff, spoke very
bluntly to a House of Representatives sub-
committee. ‘“We have not been allowed to
learn how to fight, except theoretically,”
he charged. “It is important that we do
learn.” ** His words contained the para-
dox in which the whole nation struggled.
With perfect military propriety, he pressed
for the most unmoral pursuit the human
race is addicted to.

The Weight of Freld Demands

In the narrower sense, he was not refer-
ring to war at all but to the first of the
great Louisiana maneuvers, which was
about to-engage 60,000 troops along the
Sabine River boundary with Texas. Pre-
ceded by IV Corps maneuvers at Fort
Benning, this May exercise tested tactical
communications more thoroughly than
anything else had since World War I. Asa
result, it re-emphasized their inadequacy.
The absence of numbers of men all prop-
erly trained and equipped raised the spec-
ter of failures which could occur in war.

The 51st Signal Battalion again dou-
bled and redoubled in brass. General
Allison had remarked one time to an
audience at the Army War College that
they probably knew every man of the 51st
by name, because the battalion had had
to furnish communications at every
maneuver in the country.®® In large-scale
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maneuvers the battalion men were sure to
be spread thin, for they not only had to set
up the administrative and tactical sys-
tems for the army but also provide aircraft
warning communications and man the
signal supply depot. What strength was
left over went to corps communications.
Again, they had only a few men left for
corps use. This was a deficiency in
strength, and in the echelons beyond Sig-
nal Corpsresponsibility there was a degree
of deficiency of training. Most important
of all, there was a default in equipment.

Mobility and air power, indeed, had
outrun signal tactical equipment. Speed,
wide separation, and frequent change
characterized all the units of the striking
force which the Army was trying to imi-
tate from the object lesson overseas; and
these characteristics had to exist under the
constant threat of air attack. Equipment
which had seemed possible in the summer
of 1939 was antediluvian in the spring of
1940.

Just. as the Sabine River maneuvers
were commencing, Germany tore the cot-
ton-batting world apart again. The
maneuvers took place almost in loneliness,
because the eyes of spectators were turned
toward the grim and rapid disaster sweep-
ing through northwestern Europe. For
that sort of fighting, the conventional tac-
tical communications system being shown
at maneuvers was unsuitable. It was, for
example, still heavily dependent upon

53 Memo, CSigO for ACofS WPD, 3 Feb 40, reply-
ing to Ltr, Senator Elmer Thomas (Okla.), Chm Sen-
ate Appropriations Subcommittee in charge of WD,
to SW, 15 Jan 40. SigC 676.3 (AWS) Gen 1.

% Hearings Before the Commitice on Appropriations,
HR, 76th Cong, 3d Sess, On Military Establishment
Appropniation Bill for 1941, 23 Feb 40, p. 44.

% “Organization Day of the 31st Signal Battalion,”
Signal Corps Bulletin, No. 105 (July-September,
1939), p. 108.
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LOCATOR EQUIPMENT AT THE LOUISIANA MANEUVERS

commercial systems. Given a situation
where no commercial facilities were avail-
able, what would happen? A Signal Corps
colonel took note of the fact that division-
to-corps wire communications were ham-
pered during these Southern maneuvers,
despite the fact that the area was one
which already had commercial commu-
nications. Although more than most
battle areas would be likely to provide,
they were less than signal officers were
used to. Yet, granted “warfare of this na-
ture,” the colonel conceded, ‘“‘the limited
amount of wire communication that was
available was probably what might be ex-
pected. . . .” Extending one probabil-
ity into another, he went on: “Itis doubt-
ful whether much reliance can be placed
in time of war on the extensive use of
commercial communications systems, es-

pecially”’—adding one more possibility—
‘“in areas where the civilian population is
unfriendly.” ¢

The maneuvers brought out varying
views of wire equipment. Colton had
spoken well of the field wire W-110in the
1939 New York maneuvers. But in 1940
Maj. William O. Reeder, who was then
signal officer of the IX Corps, reported

36 Lt Col Edgar L. Clewell, “Signal Communica-
tions in Fourth Corps During Spring Maneuvers,
1940,” Signal Corps Bulletin, No. 109 (July-Decem-
ber, 1940), pp. 31-32.

The amount spent in renting commercial commu-
nications facilities for the maneuvers conducted by
the four armies that year (over $100,000 by the Third
Army, $98,000 by the First, and lesser amounts by
the Second and Fourth) would have met the enlisted
payrolls of two signal battalions for a year. SigC Bd
Case 327, 25 Jul 40, sub: SigC units required for the
Army and T/O’s and T/BA’s for these units. SigC
Files.
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that W-110 showed up poorly in Louisi-
ana. Wet weather cut its talking range in
half. Its insulation suffered damage from
motor traffic, and from cows, which found
the insulating compound much to their
taste.”” The insulation had been vulcan-
ized either too much, sothat it grew brittle
and cracked easily, or not enough, so that
it tended to melt and become sticky.
Reeder felt that the Laboratories had de-
veloped the wire with too much of an eye
to the theories of electrical properties and
too little to the realities of field use, and
recommended, among other things, that
“quibbling over the dielectric capacity of
field wire insulation should be dropped in
favor of finding an insulation that will re-
sist the mass effect of modern truck trans-
portation passing over the wire.” **

The 1940 maneuvers reversed Colton’s
1939 stand on field teletypewriters. Com-
mercial printers worked well. They han-
dled, for instance, nearly half of the IV
Corps message center traffic in Louisiana.
Reeder urged that the “development of a
field printer should be discontinued at
once in view of the proven excellence of
the teletypwriter now standard in the Bell
System.” The Signal Corps Laboratories
did not drop their own design of a light
field printer but did adopt the TG-7, the
the model built by the Teletype Corpor-
ation, and began development of a switch-
board for field teletype, BD-100, and a
complete teletypewriter center set, TC-3.
Of telephone switchboards, the divisional
BD-14 appeared entirely inadequate. The
number of incoming calls often averaged
150 an hour for hours on end, and over-
taxed the operator beyond endurance.

Both Colton in 1939 and Reeder in
1940 put wire far ahead of radio. Colton
had summed up the observations of Signal
Corpsmen at the 1939 New York maneu-
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vers to the effect that the greatest need
was standardized switchboard equipment
for headquarters. Reeder in 1940 stressed
the need for better field wire, together
with repeaters to increase its range and H
carrier systems to increase its traffic ca-
pacity. That they followed the established
view, relying on wire for message centers
and regarding radio as a stand-by, was to
be expected, since Signal Corps respon-
sibility was to communications in higher
headquarters, which were relatively fixed.
In the Louisiana maneuvers the IV Corps
message centers handled but 296 radio
messages out of 8,977 messages in all.
Even more to the point in Signal Corps
thinking was the fact that wire offered far
less chance for interception than radio
did. When radio was used, too often mes-
sages went out in the clear. The tempta-
tion to use plain English over radiotele-
phones was nearly irresistible. To go on
the air at all, even in code, gave away the
location of the radio transmitter to any
listening post equipped with good direc-
tion-finding equipment. And to encode or
encipher a message was time consuming,
especially when the Army was using a
field code widely condemned as archaic.
Troops simply would not use it. Without
a mechanical cipher device which would
be fairly secure from the prying of enemy
cryptanalysts and which might encipher

57 Pigs, by contrast, preferred spiral-four cable.
They liked what advertising would call its chewy
goodness. A Signal Corps lieutenant who recalled
Reeder’s remark suggested that it would be a good
idea to lay W-110 in pig country and spiral four in
cow country. Memo, 1Ist Lt G. W. Good for Maj
Arthur A. McCrary, 21 Oct 42, sub: Rpt of sig activ-
ities during Second Army maneuvers 12 Oct. SigC
451.7 (RL-31) No. 2, 1940-43.

5 Annex Rpt 10, Maj Reeder to IX Corps, Rpt of
Third Army Maneuvers, 1940. AG 353 (10-20-38)
Sec 1-E Rpts on 1940 Army Maneuvers.
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and decipher at the rate of five words a
minute, Reeder declared, “the radio is
more dangerous than it is useful.” *°

Security considerations could not, how-
ever, keep radio merely an emergency ad-
junct to wire in tactical uses. Co-ordina-
tion of fighting machines in rapid motion,
whether on the ground or in the air,
required radio contacts. Obviously wire
was impossible. What was needed was re-
design, for tactical radio communications
were failing too often. Contact between
vehicular units was poor. Contact with
airplanes was worse: an army headquar-
ters could not communicate directly with
them; battalions and regiments, using the
SCR-161, could receive continuous-wave
signals from an airplane but could not
readily answer except by spreading col-
ored panels upon the ground. There was
an immediate need to lengthen the range
of corps and division equipment and to
get it to work on wheels. A radio which
had to stop, hoist its antenna, generate
power, and get everything all set before it
could serve the corps and division head-
quarters was outdated if meanwhile the
headquarters were rolling on ahead of it,
moving farther out of range with every
minute. “A hundred miles in motion™ was
the catchword.

Another demand existed for close-range
sets: pack sets for the Infantry, tank sets
for the embryo Armored Force, air-to-
ground and air-to-air sets for the Air
Corps. “Walkie-talkie” and then “handie-
talkie” became the catchwords there.
Changes were in order if the methods, or-
ganization, and equipment of tactical
communications were to meet the exigen-
cies of the new war of movement.

Signal Corps policy had supposedly
been fixed for the past two years against
appeals for a wider use of crystals; but the
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claims made for them kept breaking
through with fresh importunities. The ap-
parently unyielding circumstance which
had set the policy was that the world’s de-
posits of good quartz were almost entirely
in Brazil. Joint study undertaken by the
Supply and Research and Development
Divisions had produced the reluctant be-
lief that neither would the quartz already
imported and on hand meet the initial
demand if crystal control were to be ex-
tensively introduced nor would a continu-
ing demand be assured of an uninter-
rupted supply in case of war. Nevertheless,
mobile radio seemed to call for nothing
else, and the pressure for crystals in-
creased.

More and more, the staff at the Lab-
oratories felt that a way must be found for
a greater use of crystals than the visible
supply seemed to countenance. Finely cut
quartz, able to prevent a frequency from
drifting, had such value that even partial
crystal control promised to free Army
radio from the domination of frequency
meters and to make radio as easy for non-
signalmen to use as a telephone. With a
prospect of thousands of unskilled users
not very far in the future, this was a strong
talking point. Thus the Laboratories rec-
ommended crystals for the SCR-197. The
Office of the Chief Signal Officer said no,
because the SCR-245’s were about to
take a large amount. Colton pursued the
matter, and cited Dr. H. C. Dake, editor
of The Mineralogist, to the effect that “there
seems to be no reason why domestic quartz
crystal could not be used.” This was a
mistake, for the Research and Develop-
ment Division asked both the National
Bureau of Standards and the Naval Re-
search Laboratory for comment on Dake’s

29 Jbid.



156

opinion. They agreed in repudiating it.
Only Brazilian quartz was of sufficiently
high quality to produce the piezoelectric
effect. Yet whatever the obstacles to get-
ting them, crystals seemed to be the only
door opening upon good vehicular radio,
and essential to very high frequency
development and frequency modulation.®

The Signal Corps had made little prog-
ress in testing frequency modulation. The
technical staff in the Office of the Chief
tended to think conservatively, absorbed
by problems of frequency allocation and
of assigning military frequenciesin such a
way that no two transmitters in a given
area could interfere with each other.

Col. Louis Bender, the head of the
Research and Development Division,
went with General Mauborgne and Major
Rives to look at a demonstration staged in
the Washington Hotel through the efforts
of Armstrong and engineers of the Strom-
berg-Carlson Company, and remained
passive. This was on 12 January 1940, and
on the next day he went to another in the
auditorium of the Smithsonian Institution,
where Armstrong showed that his FM
equipment not only would transmit with
high fidelity but could simultaneously ac-
commodate a teletypewriter channel.
Bender commented: “This was an in-
teresting demonstration, but I see little
practical value init.”” RCA was promising
television in order to obtain new fre-
quency allotments from the Federal Com-
munications Commission, and Bender
suspected that the purpose of Armstrong’s
demonstrations was to win Army backing
in FM’s struggle for the same frequencies.
He acknowledged frankly that nothing of
the sort had been hinted, but did think
that “the frequency modulation people”
probably would offer to strike a bargain in
the 44-56 megacycle band. But, he con-
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cluded, “We are not nearly so ready to
make use of it [FM] as the broadcast
people appear to be.” **

The Infantry and Field Artillery had
got quite the opposite impression from the
conferences which had followed the Fort
Knox demonstration. The Field Artillery
Board was sufficiently convinced to be
thinking of FM as “the most promising
line of future development.” The Infantry
joined with equal enthusiasm, and, since
the mechanized Cavalry was already on
record, three powerful arms of the service
were now urging the Signal Corps to ex-
ploit the possibilities of FM without delay
for use “across the forward fire-swept
areas.” The Research and Development
Division rebuffed them with the conten-
tion that “the radio system referred to,
while attractive in some respects, has cer-
tain known deficiencies that make its
use . . . questionable.” Anyway, whose
job was it to bring out the Army’s com-
munications equipment? Was it not the
Signal Corps’? Of course, replied the other
arms, but surely it was proper that they
not be required to wait for whatever the
Signal Corps produced for them but in-
stead be able to exchange queries and sug-
gestions in mutual interest? Shrewdly
enough, and capitalizing upon the differ-
ence of opinion within the Signal Corps
itself over frequency modulation, the Field
Artillery cited the Signal Corps Bulletin’s
own wholehearted appreciation of it.
Colonel Bender privately observed that he
did not at all consider the Bulletin au-
thoritative, and maintained that the

50 SigC file 413.44 Crystals 5, 1940, passim.

51 (1) OCSigO R&W Action 1, “WTG” [Wesley T.
Guest|, Com Liaison Div, to R&D Div, 29 Aug 40,
sub: Assignment of radio frequencies. SigC 413.44 De-
velopment 9, 1940-41. (2) Memo, Col Bender for
CSigO, 15 Jan 40. SigC 413.44 FM 1, Jan-Sep 40.



THE SCR-195, WALKIE-TALKIE



158

Radio Corporation of America had “de-
veloped some pertinent facts that the en-
thusiasts for this system had conveniently
forgotten to publicize [and which] took
much of the wind out of the broad claims
made.”

Colonel Bender did concede that fre-
quency modulation might yet be found
helpful, especially in vehicular and air
uses. Since vehicular uses—forward, mo-
bile uses where a quiet radio could be a
godsend—were exactly what the ground
arms had in mind, they were left the
winners of the debate: the Signal Corps
Technical Committee would have some-
thing ready for them by May. But there
was a wide gap between this modest first
victory and any general capitulation. In
the long run, FM got no further than pri-
marily tactical ground uses; it did not
establish itself in naval, air, or (except for
certain radio link equipment) ground ad-
ministrative applications. In the immedi-
ate run, Bender warned the Chiefs of
Infantry and Field Artillery that they
could expect no funds to be available until
more than a year had passed.

With this or other considerations in
mind, the Laboratories matched the hesi-
tant attitude of the Research and Devel-
opment Division. When in advance of
the maneuvers the Laboratories outlined
the requirements of the using arms, they
proposed the SCR-245 for tanks, its fre-
quency range moved up to 3,700 kilo-
cycles; the 131, with a voice channel
added, for rifle platoons; the 161 and 171
on 2,000-6,000 kilocycle range for Field
Artillery tactical uses, and so on.® Colton’s
report that year, as director of the Labora-
tories, made a point of the fact that lack of
funds had prevented any development of
FM. He had passed up an opportunity to
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send an observer to New York in April for
a special test of the Armstrong equipment,
despite the fact that General Mauborgne
had thought it a good idea.?* Thus, neither
in the Washington headquarters nor at
Fort Monmouth was the Signal Corps
extraordinarily alert to the possibilities in
frequency modulation.

Meanwhile, under Armstrong patents,
the Radio Engineering Laboratories of
Long Island City, New York, had built
twenty-eight FM radio sets incorporating
the phase shift improvement. Put to use in
the First Army’s summer maneuvers of
1940, they at once intensified the demands
from the field. Simultaneously, the Con-
necticut State Police tried out the FM
radios which Link had recently begun
building, also under Armstrong patents.
The immediate success of these new police
sets added to the pressure. In rapid order,
the Chiefs of Field Artillery, Infantry, and
Coast Artillery asked the Chief Signal
Officer for service test sets. Further pres-
sure was in store from the successor to the
mechanized Cavalry, the Armored Force.
The Link police sets were about to become

82 (1) Ltr, Office of Chief of FA to TAG through
Chief of Inf] 2 Jan 40, sub: Improvement of Inf-FA
liaison radio com, with 6 inds among TAG, OCSigO,
Chief of Inf, and Chief of FA, 12 Jan-27 Apr 40, and
associated OCSigO R&W’s. SigC 413.44 Develop-
ment 9, 1940-41. (2) Capt. K. M. Soukaras, “Fre-
quency Modulation,” Signal Corps Bulletin; No. 107
(January-March, 1940), pp. 24-30.

6 (1) Ltr, Col Colton to CSigO, 1 May 40, sub:
R&D recommendations by FA, Inf, and CAC; (2)
OCSigO R&W Action 4, J. M. [Mauborgne] to Exec
Officer 13 Mar 40, sub: FM hearings. SigC 413.44
FM 1, Jan-Sep 40. (3) SCL, Annual Report, 1940,
pp. 24 ff.

64 (1) Lar, CSigO 1o Dir SCL, 14 Mar 40, sub:
Demonstration of FM equip; (2) Msg, Mauborgne to
Lab Ft. Monmouth, 9 Apr 40; (3) Msg 76 WVPAC
9 WD, Colton to Signals, Washington, D.C., 9 Apr
40. SigC 413.44 FM 1, Jan-Sep 40.
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the prototypes of the SCR-293 and 294,
the small, short-range vehicular sets which
were to go into the tanks of the Ist and 2d
Armored Divisions. They were the Army’s
first FM.%°

There remained the other of the two
most urgent equipment needs, a truly
mobile, long-range, 100-mile radio set.
The development had proceeded only so
far as the laboratory model of the truck-
and-trailer SCR-197 contained in the Fort
Knox exhibit of the preceding fall. The
origin of the SCR-197 went back several
years to a request from the Air Corps for a
big and powerful radio which might be
transported in a truck or airplane. The set
had originally been planned to operate on
the ground over a universal frequency
range, and to possess sufficient power
whether on continuous wave, tone, or
voice to attain a distance “approximately
equal to the transmitting range of the
radio set installed in aircraft to which it
must communicate.” This meant a power
output of hundreds of watts if the set were
to equal from the ground the range of the
airborne liaison radio SCR-187. An out-
put of 300 watts had first been offered but
had failed to satisfy needs.

In requesting a still more powerful set,
the Air Corps had made the important
recommendation that it be installed for
operation, not temporarily on the ground,
but permanently in its truck and trailer
transport. The Signal Corps Laboratories
had accordingly followed this proposal.
The engineers blueprinted the set so that
a 400-watt transmitter, antenna equip-
ment, rectifier, and emergency gasoline
generator would all go into a single truck,
and so that the trailer would hold two re-
ceivers, two telegraph printers, and a
forty-line telephone switchboard. Remote
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control equipment, field wire, and tele-
phones were included in order to permit
the trailer message center to be located as
much as seven miles away from the trans-
mitter truck.

By 1939 the project, “Radio Equipment
for Moving Stations,” was in order. The
Signal Corps arranged with the Quarter-
master Corps for truck and trailer, in-
stalled the equipment for the Plattsburg
maneuvers, reported that it worked “very
satisfactorily,” and contracted with the
Federal Telegraph Company to begin
manufacturing it. Unluckily, the SCR-197
was soon proved somewhat less than satis-
factory. Field forces found that the mo-
bility of the carriers was poor; the truck
was underpowered for its load and the
trailer was overcrowded. There were bugs
in the transmitter; the power supply did
not work well. Above all, the transmitter

5% (1) Ltr, Col Crawford to CSigO, 19 Sep 44, sub:
Frequency assignments for 25-watt mobile radiotele-
phone equip. SigC 413.44 FM 1, Jan-Sep 40. (2) Col.
John C. Moore, Signal Officer Headquarters, Second
Corps Area, Governors Island, New York, reported
on these sets without particular enthusiasm on 17
October. Ltr, Col Moore to Col Colton, 17 Oct 40.
SigC 413.44 Radio Sets, Armored Force Bd File,
Folder 2. (3) Ltr, 1st Lt J. J. Davis, 80th FA Regtl
Com Office, to CG 6th Div, Ft. Snelling, Minn., 27
Aug 40, sub: Radio recommendations, and 1st Ind,
Lt Col Clift Andrus, CO 80th FA, 18th FA Hgq, Ft.
Des Moines, Iowa, to CG 6th Div, 30 Aug 40; (4) Ltr,
Chief of FA to CSigO, 19 Aug 40, sub: FM equip, and
2d Wrapper Ind, Col Colton to CSigO, 6 Sep 40; (5)
Ltr, Chief of Inf to GSigO, 19 Sep 40, sub: Test of
FM radio; (6) 1st Ind, Chief of CAC to CSigO, 4 Oct
40, on Ltr, Col William S. Bowen, President CAC
Bd, to Chief of CAC, 12 Sep 40, sub: Commercial FM
radio equip; (7) OCSigO R&W Action 1, W, T.
G. [Guest], Com Liaison Div, to R&D Div, 19 Aug 40,
sub: FM system rpt of test by FCC, and Incl Memo,
E. L. White to Chief Engr of FCC, 16 Aug 40, sub:
FM system of Conn. State Police. SigC 413.44 FM 1,
Jan-Sep 40. (8) SCL, Annual Report, 1941, Proj 11-
9.3, p. 83. (9) Ltr, CSigO to Dir SCL, 11 Sep 40, sub:
Radio sets for armored forces. SigC 413.44 Armored
Force (Sets) 1, 1940.
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could not operate while the truck was in
motion.*

Yet the Signal Corps had taken a step
which interested not just the Air Corps
but all of the rest of the Army, and espe-
cially the mechanized Cavalry. One of
four basic types of vehicular sets which
Williams and others of that service were
proposing was a voice-and-continuous-
wave, long-range radio of this sort. The
concept of a large transmitter which could
operate in a moving truck seemed to lie in
the realm of fantasy, although most com-
munications men were familiar enough by
now with medium vehicular transmitters
such as the 193 and 245. The May 1940
Third Army maneuvers, and the German
blitz across western Europe, led military
observers to realize that the Army must
have a radio—self-contained, power and
all, in a truck and trailer—which would
be able to transmit and receive over ranges
of at least 100 miles even while the truck
and trailer bounced along highways or by-
ways. Either the SCR-197 must be made
truly mobile, or a new and better set must
be developed.

The Third Army maneuvers brought
signal matters to a head. “There were nu-
merous and painful failures of signal com-
munication . . . which subjected the Sig-
nal Corps to continuous criticism.” ¢ What
had the criticisms been? “Generally in-
adequate”; “complete reorganization nec-
essary”; “inadequate and insufficient”;
“complete modernization necessary’’;
“certain modifications necessary”’; “‘pres-
ent facilities inadequate”; “generally in-
adequate.” Courtney H. Hodges and
Adna R. Chaffee had been among the
critical generals; Olmstead, Ingles, Cle-
well, Reeder, and Matejka among the
critical Signal Corps observers. Signal
communications were inadequate not

THE SIGNAL CORPS

merely for the oncoming war but even for
a play war, which, although the largest
yet staged by the peacetime Army, was
still not comparable to the sort of force
which was just then overpowering north-
ern and western Europe. The Signal
Corps position was that little more could
have been expected. Manpower shortage
had accounted not only for the wide and
expensive use of commercial facilities, but
also for the absence of trained signalmen.
It hardly needed to be said, either, that
when the telephone company’s men were
hired, the telephone company’s men got
the training.

The principal concern, though, was not
yet a matter of training, but of personnel
and equipment. There lay the prime in-
sufficiencies. From the Chief’s office an
urgent appeal went out to the Signal
Corps Board. Undoubtedly, the appeal
explained, the War Department would be
calling for a thorough report, so the board
must be ready with the answers. If Con-
gress authorized the Army to expand to
375,000, including men for two armored
divisions, the Aircraft Warning Service,
GHQ aviation, and universal mobility,
the Signal Corps must know exactly what
units to ask for. Board membership was
high-powered just then. Olmstead was
president and Colton, Ingles, Milliken,
and Back were members. All soon became
~ s (1) SCL, Annual Reports, 1937, p. 13, 1938, pp.
24-25, 1939, p. 30, 1940, pp. 23-24. (2) C&E Case 12,
Mobile Communication Centrals, 9 Jan 42, p. 9. SigC
Files. (3) Memo, Lt Col David E. Washburn for O/C
R&D Div, 15 May 41, sub: Radio set SCR-197 in
C&E Case 27 reduction in types of equip. SigC C&E
Case 27. (4) Hist Sec E&T Divs OCSigO, History of
Signal Corps Research and Development in World
War II, Vol. VIII, Pt. 4, Proj 832-A, p. 5. SigC Hist
Sec File.

57 SigC Bd Case 327, 25 Jul 40, cited n. 56.

For a brief description of these maneuvers see Lt

Francis G. Smith, History of the Third Army, Hist
Sec AGF Study 17, 1946, pp. 6-7.
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generals and Olmstead, Ingles, and Back
became Chief Signal Officers. They re-
ceived the case on 11 June and reported it
out on 25 July.

In personnel, they made two kinds of
recommendations. One was to increase
the number of signal units, the other to in-
crease the number of men in each unit: a
signal battalion, for example, being
strengthened by ninety-eight more en-
listed men and three more officers. “The
many difficulties experienced in our
peacetime maneuvers are not due to
deficiencies in the proper allotment of
tactical signal communications to Army
units but due to the fact that the signal
organizations required are generally not
in existence and those that are active are
too small to perform their functions.” A
simple citing of percentages proved this
assertion. Whereas during World War 1
signal units had represented 4.5 percent of
the total, and in foreign armies the pro-
portion was comparable,®® the National
Defense Act permitted them to constitute
only 1.8 percent of the Army. In May
1940 there were four authorized signal
battalions. Double that number, the
Board said, and the annual expense of hir-
ing temporary maneuver communications
will be cut three fourths. What was more
important, communications soldiers would
be serving and training with each of the
field armies, ready for “the sudden dis-
patch of an expeditionary force” as in
1917.

As before, the Signal Corps intended to
rely to a degree upon National Guard
units, The National Guard then had
eighteen signal companies, one signal
troop, and one signal battalion (the 101st
in New York); and two Guard infantry
battalions were to be converted into signal
battalions.®® For a citizenly duty such as

161

aircraft warning, the Guard units would
be especially suitable. They could study
the SCR-270 in their armories, and in the
field could practice against observation
planes, which had metal fuselages like
bombers and were much less scarce. Re-
affirming the plan for aircraft warning
companies, in the GHQ) reserve and else-
where, which would be large enough to
man seven stations apiece, the Board
urged that two-station, three-station, and
four-station companies be organized in
the Guard for every state where the Air-
craft Warning Service was setting up an
SCR-270 or 271. Thus a Guardsman
would join in the air defense of his own
section of the country, quite simply de-
fending his own home in the tradition
descended from Lexington and Concord.

Not only were strength recommenda-
tions to be made. The Board had also a
matter of equipment before it. Anyone
aware of the swinging door which the Ger-
mans had opened upon France at Sedan
and had closed at Dunkerque could see
that changes in all types of American mili-
tary equipment would be necessary in
order to meet the standards which the
Germans were imposing. Equipment
changes, the Signal Corps Board said,
must be brought about immediately.
“Time is the essence,” they underlined it.
June 1940, like June 1942, was a period
when everyone expected the worst at any
minute.

Colonel Olmstead had returned from
Louisiana with the controversial 100-

8 E. g., the proportion of the Royal Signals to the
British Army as a whole was 4.1 percent in 1939, 5.1
percent in 1945. Col T. B. Gravely, The Second
World War, 1939-1943, Army: Signal Communica-
tions, British War Office, 1950, p. 13. Copy in
OCMH.

4 Signal Corps Bulletin, No. 109 (July-December,
1940), p. 3.
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miles-in-motion set in mind: a super-
vehicular radio, a large van load of radio-
telephone and radiotelegraph apparatus.
This project he laid before General Mau-
borgne, who turned it down. Although
commandant at Fort Monmouth and
number two man in the Signal Corps,
Olmstead accepted the decision and pre-
pared to go back to Red Bank. Maj.
Frank C. Meade, who was well down the
line in rank but strategically located on
the staff of the War Plans and Training
Division of General Mauborgne’s office,
proposed instead that Colonel Olmstead
write a justification for his idea which,
rather than striking head on and falling
back, would come in through a side door,
clear the Signal Corps Board, and hope
for success with a chorus of approval
behind it.”* Meade was not merely artful
in making a suggestion of this sort. Olm-
stead was president of the Signal Corps
Board, and asits head was of course able to
exert considerable weight in its proceed-
ings; but in this matter he had the strong
support of the other members. They con-
curred in the need for 100-miles-in-motion
ground radio.

In doing so, they did not abandon the
emphasis upon tactical wire communica-
tions to which they subscribed along with
most other Signal Corps officers, of both
older and younger groups. Their recom-
mendations included not only the big
radio but also portable power for field
teleprinters; switchboards for field tele-
type; repeaters for field telephone systems;
wire-throwing devices for dispensing
W-110 in a hurry; and, with only two
dissents, trailers in which field message
centers could be established and taken
wherever the troops went.™

The Board report did not forsake wire for
radio, or the complementary relationship
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of one with the other. But the recommen-
dations in wire equipment were all tributes
to mobility; and in urging tactical mobility
for long-range radio, the members went so
far as to declare that for much of the time
the new triangular divisions and their
combat teams would have to depend
wholly upon wireless. The Signal Corps
was proud of the SCR-197 as a long-range
radio; but the 197 would not do, either for
the Infantry or for the Armored Force.
“The Board believes that Radio Set SCR-
197 is not suitable radio equipment for an
armored division and urgently recom-
mends that the use of this set be regarded
as a temporary expedient until a vehicular
set capable of operation in motion and
with sufficient range to meet requirements
can be developed.” ™

So they declared for “Olmstead’s baby”
(a term applied with emotions varying
from impatience to tempered admiration),
which was to be a stopgap put together
from military and commercial materials
on hand. In a panel truck, a light one-
and-a-half such as laundries or florists use,
Laboratories engineers would bring to-
gether a Hallicrafter HT-4 transmitter, of
450 watts, the antenna rig, and the origi-
nal Signal Corps superheterodyne re-
ceiver, BC-312, plus the BC-342. A two-
wheeled trailer cart would hold the power
equipment.™

v Interv, SigC Hist Sec with Brig Gen Frank C.
Meade, Ret., Chicago, Ill., 12 Sep 49.

1 This trailer development resulted in the K-35;
the field teletype switchboard became the BD-100; the
repeaters, EE-89 and 99.

2 1st Ind, Col Olmstead to CSigO, 19 Jul 40, on
Ltr, OCSigO to SigC Bd, 13 Jul 40, sub: T/O for sig
com, armored div SigC Bd Case 328. SigC 320.3
Armored Force and Armored Div, 1940-43.

3 One of the most interesting of all the equipment
recommendations was basced on the Board’s belief that
a single standard trailer could be used “for all Signal

Corps purposes where it is necessary to make equip-
ment entirely mobile.”
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In the meantime, conferences under the
aegis of the General Staff were considering
the needs of both the Air Corps and the
Armored Force. The program for raising
the Air Corps to a strength of fifty-four
combat groups by 1 April 1942 ** was in-
creasing the pressure upon the Signal
Corps. At first, discussion gave some
thought to creating a large number of
skeleton signal aviation units, scattering
them widely throughout the Air Corps,
and bringing them gradually up to
strength as the Signal Corps turned out
trained technicians. No doubt such think-
ing was influenced by the universally nec-
essary practice of carrying organizations
on paper until an emergency should force
their activation as live units, but now an
emergency was here. A new plan concen-
trated all of the trained signalmen avail-
able for Air Corps assignment into a few
signal aviation companies of full strength,
rather than into many skeletal ones. The
Signal Corps would make an effort to in-
clude a variety of specialists in each, and
the Air Corps, assigning one company
apiece to each wing or higher command,
would detail detachments to signal main-
tenance, to service as air base platoons,
and so on. This plan seemed to offer the
double advantage of administrative sim-
plicity and of maximum use of personnel.”®

The forces of change soon obscured it.
General Arnold of the Air Corps headed
it into a new direction by outlining “a
scheme for . . . a complete ground sys-
tem of Signal Corps communications all
the way from GHQ to the foremost air
unit, and practically paralleling Army
and other systems.” Mauborgne was not
convinced that such duplication of facili-
ties was necessary, and suspected that
Arnold’s purpose was to use the results of
the committee’s study to capture a force of
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Signal Corps units. Moreover, he knew
that a Signal Corpsman operating a
ground radio for the Air Corps might
often be getting fifteen dollars a month
less’ than he would if he “wore an Air
Corps hat cord” while doing the same
kind of work. Yet the suggestion was too
near to the Signal Corps’ dearest hope to
be opposed. Mauborgne directed Lt. Col.
Richard B. Moran to play ball to the ex-
tent of studying the matter.™

Looking toward the advent of the
Armored Force, which was due to be
created in July, he began also to confer in
Maj. Gen. Frank M. Andrews’ office with
Brig. Gen. Adna R. Chaffee. General
Andrews was then G-3 and Chaffee the
architect of the new armored command.
Mauborgne asked for a statement of
Armored Force requirements which he
might study. He had in mind the fact that
the new signal troop, mechanized, which
had just reached the table-of-organization
stage, was in process of being superseded
by the signal company, armored division.
The Signal Corps Board had revised the
strength of an armored signal company
from 4 officers, 141 enlisted men, to 4 offi-
cers, 196 enlisted men, and then had
revised the revision in order to ask for
6 officers, 206 enlisted men. Before Mau-
borgne got the statement he asked for, the
War Department moved the figures up to
6 officers, 218 enlisted men.””

"t AG Ltr to Chief of AC, 29 Jun 40, sub: Army’s

first aviation objecfive. AG 580 (6-28-40) MF.

7> Memo, Col Clyde L. Eastman, Exec Officer
OCSigO, for ACofS G-3, 16 Jul 40. SigC 320.3 GHQ
AF C&E Equip Gen.

76 Ltr, Lt Col Cedric W. Lewis, Sig Officer GHQ
AF, 1o CSigQ, 13 Aug 40, and Reply, 16 Aug 40.
SigC 676 Gen 1, 1940-42.

" Memo for File by Maj Washburn, 20 Jun 40,
sub: Conference on formation of armored (panzer) div
(continuation of conference started 10 Jun 40). SigC
320.3 Armored Force and Armored Div.
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Two omissions were already apparent,
nonetheless. The radio section of the com-
pany would need more men; and it looked
as if there would not be enough drivers for
the vehicles assigned. “This is the same
outstanding weakness that occurs quite
generally in Signal Corps tables of organ-
ization,” warned Maj. George 1. Back,
then secretary of the Board. “In all other
arms and services chaffeurs are provided
for all self-propelled vehicles.” 7®

Chaffee mentioned the 100-miles-in-
motion equipment. Such a development,
Mauborgne felt, would demand a re-
designing of antenna and transmitter—in
short, a fresh start. How could a make-
shift be expected to serve? Mauborgne
thought of signal equipment in terms of
the complete, complex, and beautiful
product it often was. He displayed the
affectionate perfectionism of the engineer
and technical scientist. He did not quite
see that the Signal Corps could neither go
into the war with some of the equipment
it had nor take the usual length of time to
develop replacements. At his urging,
Chaffee agreed to accept SCR-197’s even
though they would need to come to a halt
in order to permit communication, but he
strongly hoped that the Signal Corps
would be able to come forth with a substi-
tute which would continue to work while
moving.™

Chaffee’s requests epitomized the new
Army. Everything he spoke of turned upon
the principle of tactical swiftness. When
Mauborgne raised the question of the
amount of wire communication a mecha-
nized division would need, “General
Chaffee stated that the only time that wire
would be used would possibly be at night
or in rest areas.” 8 In agreeing to try the
SCR-197 until something better was
ready, he computed his need at five to a
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division, rather than the three which the
Signal Corps estimates called for; the Sig-
nal Corps representatives yielded, pointing
out that this meant two more vehicles and
ten more menin the armored division table
of organization and equipment. Because
his forces would be subject only to radio
control, Chaffee asked for as many fre-
quencies as could possibly be allotted to
him. And, reaching the climax, he sought
an FM command set for every two scout
cars he had.

For the Research and Development
Division, Colonel Mitchell deplored such
a request. “The number of radio sets esti-
mated for an armored division appears to
be quite high,” he cautioned. “Channel
congestion and interference may be ex-
pected, particularly where more than one
armored divisionis . . . inthe same gen-
eral area.”®* Succeeding weeks consoli-
dated the decision nevertheless, and a final
conference on the whole matter, shifted to
General Chaffee’s headquarters at Fort
Knox, produced characteristics for an en-
tire vehicular series with the initials of the
Armored Force and combining the past
year’s requests from the two compo-
nents—Mechanized Cavalry and Infantry

% 1st Ind, Maj Back to CSigO, 22 Jun 40, on Ltr,
CSigO to President SigC Bd, 20 Jun 40, sub: T/O for
sig co armored div. SigC 320.3 Sig Co Armored Div.

' Memo for File by T. C. R. [Maj Tom C. Rives],
R&D Div OCSigO, 13 Jun 40, sub: Conferences on
formation of armored (panzer) divs. SigC 320.3
Armored Force and Armored Div, 1940-43.

8 Memo for File by Washburn cited n. 77. The
Armored Force planners were underestimating their
need for wire. “Later in action in Northern Europe
the Armored Divisions of First Army used almost as
much wire as an Infantry Division (something we
could not visualize at that time).” Ltr, Williams to
Thompson, cited n. 14, p. 13.

81 OCSigO R&W Action 1, Col Mitchell, Dir R&D
Div, to CS8igO, 26 Jun 40. SigC 320.3 Armored Force
and Armored Div, 1940-43.
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Tanks—which had merged to make the
new command.

For AF-I, the projected 100-mile set,
the Laboratories tried to convert the SCR-
197 to permit communication on the
march, but the effort met with only partial
success. The Signal Corps Board recom-
mendation was rushed into development,
and matured in eighteen months into the
SCR-299, one of the most usable journey-
man sets of the war.?? In the war, ironi-
cally enough, the SCR-197’s were stopgap
equipment, whereas the stopgap equip-
ment which had been proposed to do what
the 197 could not do served throughout
the conflict.

To serve as AF-II, a reliable, 40-mile,
medium-range set, the Signal Corps
offered the SCR-193 and the SCR-245;
they were yet new and others liked them,®
but they did not suit the user, either.
Tanks were too cramped to have space for
them and tank crews too busy to adjust the
delicate controls. Smaller size and simpler
operation looked mutually incompatible,
because crystal control, which could intro-
duce easy tuning, would probably require
more space. Two-way police radios tempo-
rarily provided a solution, especially after
being acclaimed during the Second Army’s
Wisconsin maneuvers in August. In ad-
vance of those maneuvers the Signal
Corps leased a 50-watt fixed set and
twenty-five vehicular sets of 7% watts, all
amplitude-modulated, from the Galvin
Manufacturing Corporation, assigned the
fixed equipment and a dozen of the vehic-
ular sets to the umpires, and turned over
the remaining ones to the cars of the recon-
naissance squadron. Everyone was de-
lighted, although the sets were instruments
of essentially shorter range and were AM.
The usual communication distance with
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them, depending upon the terrain, was
from ten to thirty miles. It was the elimi-
nation of all intricacies of tuning which
was a boon. Anyone could use them,
without previous experience or training.®*

The advantage of crystal control for
the mobile forward uses was now so appar-
ent that the time had arrived for a major
decision. The other sets in the Armored
Force series called for crystals, too. In the
case of the AF-III, the Signal Corps was
asked to produce a short-range radio for
use at from five to seven miles. The AF-IV
was to be even smaller and to have an
even shorter range. Both emerged as FM
radios in the remarkable SCR-508-9-
and-10 series.

The era in which sullen peace had
flared into urgent war preparations had
begun in a professional sense, it was now
possible to see, with a reorientation of tac-
tical theory. The mobile Infantry, the
alerting Air, the mechanized Armor were
now discernibly emerging, and these “500”
radios epitomized their demands, for they
were compact and crystal-controlled; they
were frequency-modulated; they carried
the human voice; and they brought air-
borne command maneuverability to vehi-
cles on the ground. The only flaw in them
was that they were still nearly two years
off—and time was short.

52 (1) SCL, Annual Report, 1941, pp. 89-90. {2)
Luar, Defense Aid Sec OCSigO to British Air Comd,
Washington, D. G, 16 Jan 42, sub: Mobile W/T
equips. SigC 475.7 No. 5. (3) S. I. Nieman, “Vehic-
ular Radio,” Signals, I, No. 7 (September-October,
1947), pp. 28-34. (4) Oliver Read, “The Army’s
SCR-299,” Radio News, XXX, No. 2 (August, 1943),
17 ff.

7“ Far on into the war. E.g., Maj S. T. Martin rpts,
Jan-Dec 44. SigC 413.44 RDF 2.

8 Lt Col Leland H. Stanford, Sig Officer Second

Army, Final Rpt, Tab 12, Vol. II of Report of the

Second Army Maneuvers August 1940. AG 353
(10-20-38) Sec 1-E Rpts on 1940 Army Maneuvers.



CHAPTER VII

The Propulsion From Limbo

Accumulating Production

Shortness of time in 1940 was not a fact
the armed services could conjure with but
a guess they must submit to. Enough time
had followed the first declaration of emer-
gency for them to begin to brace them-
selves. The collapse of continental Europe
shook not only their attitudes but intellec-
tual positions throughout the country. The
amount of room left in which to pursue
national policy had markedly shrunk. At
its center was the nation itself, with the
territories and dependencies. At the next
layer was the hemisphere; and farthest
out, Great Britain and such shreds of the
Continent as Vichy France. Policy, in-
cluding military policy, took the shape of
these three outlines.

At the core, preparedness was based
upon defense of the United States, in a
wider conception upon hemispheric de-
fense, and, in the least defined area, upon
the possibility of preserving those poten-
tial allies which had not yet gone under.
The second conception was generally re-
placing the first, and was conclusively
confirmed in September by the announce-
ment of the exchange of destroyers for
bases in British western Atlantic posses-
sions. The third conception, confirmed in
the Lend-Lease Act of March 1941 only
after many weeks of earnest debate, was
still quite out of reach. The immediate
goal was to assemble men and material

within the national region and in the aims
of the Protective Mobilization Plan and
its associate, the Industrial Mobilization
Plan.

Material in the mass being less malle-
able than men, time pressed, if at all,
harder upon the production program than
upon the schedule for raising and training
the new Army. Industrial mobilization
plans contemplated that American war
production would need about two years to
reach a satisfactory output—an optimistic
estimate.’ The burden of bringing it about
was the three-way concern of the Army,
industry, and the public at large. Tt was
particularly incumbent upon the Army
and industry; for public sentiment, in-
creasingly unsettled by events abroad, was
being reflected in Congress by substantial
grants of funds to the military organization
and in both the legislative and executive
branches by unreserved encouragements
to capital. Endeavoring to give the Army
what was needed, individual Congressmen
called repeatedly for estimates upon which
they could base supplemental appropri-
ations, often faster than the military
agency itself was prepared to move. In the

! (1) Troyer S. Anderson, “Munitions for the Army,
1940-1945,” Infantry Fournal, LIX, No. 4 (October,
1946), p. 14. (2) R. Elberton Smith, Army Procure-
ment and Economic Mobilization, a volume in prep-
aration for the series UNITED STATES ARMY IN
WORLD WAR II.
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Supply Division of the Office of the Chief
Signal Officer, members of the staff found
themselves working long hours to provide
these estimates. Capt. Eugene V. Elder in
one week prepared thirty-nine budgets for
signal units.*

None of these was in existence, yet
almost all were to be combat organiza-
tions. War had not materialized, but the
necessity was present in the reinforcement
of the Panama Canal Zone and similar
defense actions being taken. The decision
to establish Borinquen airfield, Puerto
Rico, invoked the need for a signal depot,
installation of the post and administrative
wire and wireless systems, stations and
networks for airport control and the Army
Airways Communications System, and
accordingly for all the signal units re-
quired for the work. In a dozen other
cases of the sort, units being created had
to be equipped—equipping being a con-
siderably longer process than creating and
an expensive one to the taxpayer: hence
the estimates. All deficiency appropri-
ations for the fiscal year 1940—$10,000,-
000 worth—were going for equipment,
and $5,128,185 of the basic appropri-
ation of $7,828,804; so that all together
the Signal Corps was spending approxi-
mately $15,000,000 on defense material.?

When General Mauborgne appeared at
hearings for the 1941 appropriations,
however, the lull in the war had not yet
been broken by the German invasion of
Denmark and Norway, let alone by the
catastrophe to France. He asked for
$11,000,000 less than the amount obli-
gated throughout the preceding year.
There would not be so much need for
equipment, he reasoned, when the de-
mands for aviation expansion, augmenta-
tion of the Canal garrison, and Protective
Mobilization Plan requirements had been
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met.* It seemed to him that whereas 1940
was proving a costly fiscal year, 1941
would be a normal one like 1938 or 1939.
It seemed so to the House Appropriations
Committee, too, which reduced an Air
Corps request for 166 airplanes to 57 and
then nearly eliminated the Signal Corps’
budget item calling for radio equipment
for the 57. Before the fiscal year 1941
ended, the Signal Corps was going to have
$256,652,964 available; and in 1942, it
was to have more than $3,500,000,000.
Signal Corps requirements, therefore,
were not yet great enough to tax the pro-
ductive capacity of industry, and far from
enough to sound out its limits. The indus-
trial and military economies were both
almost at the starting line. In May the
Office of the Chief Signal Officer provided
the Assistant Secretary of War with a list
of obstacles to mass production which the
planning staff foresaw in the event of a
greatly enlarged procurement program.
First on the list was a personnel shortage,
a shortage of both officers and civilians.
Two-week active duty periods of limited
numbers of Reserve officers were not to be
thought of as training enocugh officers to
meet an emergency. As for civilians, the
Signal Corps would need accountants, in-
dustrial engineers, statisticians, lawyers,
and inspectors to deal with a large-scale
procurement program. It would need them
in a hurry, already trained, in larger num-
bers than the Civil Service lists could pro-
vide, and freed of the constricting provi-
sions of legislation which held down
Washington employment. The function

2 Interv, SigC Hist Sec with Col Eugene V. Elder,
Washington, D. C., 28 Sep 49.

3 Hearings Before the Subcommittee of the Commutlee on
Appropriations, HR, 76th Cong, 3d Sess, On the Mili-
tary Establishment Appropriations Bill for 1941, HR
9209, p. 643.

1 1bid., p. 641.
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was one which could not very well be
transferred away from the Chief’s Office.

The next obstacle was the system of
making contracts, especially the require-
ment for competitive bids, which the Sig-
nal Corps procurement officers considered
inefficient in both time and money. Their
opinion was that they lost weeks in wait-
ing for bids to come in and thereafter
compounded the loss of time, first because
the obligation to make the award to the
lowest bidder sometimes prevented mak-
ing it to a bidder who, they felt, was
already “tooled up” and trained to pro-
duce the order, and second because they
could not farm out the contract to several
bidders at one time. The Signal Corps
was also feeling the pressure for other
changes in the contractual relationship
between government and business. Mau-
borgne reported that his contracts officers
were finding manufacturers reluctant to
bid on military orders before they were
guaranteed protection against rising costs
and wages. He endorsed the proposed
introduction of an escalator clause, a for-
mula to protect the contractor’s margin by
allowing for changes in material and man-
power costs during the life of the contract.

A third reservation was still at the stage
of possibility. The repeal of the arms-
embargo provisions of the 1937 Neutrality
Act and the substitution of a cash-and-
carry policy presumably opened the way
for other armies than our own to buy on
the American market. The Chief Signal
Officer foresaw a time when foreign orders
might occupy American manufacturers to
such an extent that the Army’s augmented
procurement program would come off
badly. He felt misgivings that manufac-
turers upon whom he counted would pre-
fer foreign orders because of larger profit,
and that if they accepted Signal Corps
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contracts at all, they would do so only on
schedules of delayed delivery and at
greatly increased prices. He recommended
special legislation which would require
contractors with the government to deliver
War Department orders before foreign
orders whenever the interests of the defense
program demanded it.

In the ultimate analysis, all of the
problems came to a head in materials and
manpower, just as they did in the Army in
equipment and men. It seemed probable
that government control over raw mate-
rials would be necessary. The War Depart-
ment’s list of strategic materials now
included those which had been merely
“critical” a few months before. Nine of
the fourteen items on the list were widely
used in Signal Corps equipment. The
combination of large foreign orders with
increased military procurement at home
would result in serious shortages. The
shortage of skilled toolmakers and artisans
created by the depression years in which
there had been little demand for them
was beginning to show up in delays. In
this view from the Signal Corps, accord-
ingly, the Congress must permit the Secre-
tary of War to suspend labor legislation
limiting the workday and the work week.®

Toward legislative curbs upon business
and industry, Signal Corps spokesmen
were generally disapproving, not liking
the Vinson-Trammel Act’s imposition of a

% Memo, CSigO for ASW, 10 May 40, sub: Pers for
proc in an emergency. SigC 381 Gen.

(1) Memo, CSigO for ASW, 15 May 40, sub:
Measures to expedite proc. SigC 400.12 Gen. (2) Mob
Plan OASW under PMP and IMP, 15 Jul 39, pp. 16-
18. AG 381. (3) Byron Fairchild and Jonathan Gross-
man, Industrial Relations and Labor Problems, a vol-
ume in preparation for the series UNITED STATES
ARMY IN WORLD WAR II. (4) Hearings Before the
Subcommuttee of the Committee on Appropriations, HR,
76th Cong, 3d Sess, On the Military Establishment
Appropriation Bill for 1941,.23 Feb 40, p. 99.
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12-percent profit ceiling upon contracts
for military air material, liking even less
any proposal to tax excess profits, and
conversely supporting the escalator clause,
cost-plus-a-fixed-fee contracts, provision
for easy amortization, 30-percent advances
at the outset of contracts, relaxation of
terms for Reconstruction Finance Corpo-
ration loans, and government underwrit-
ing of private plant expansion. Their point
of view was fixed by lifelong association
with business and industry in both mili-
tary and commercial circles, and sharp-
ened by such legislative proposals as one
which would have required the Secretary
of War to oversee and approve every pur-
chase made for more than one hundred
dollars. (Lt. Col. Clifford D. Cuny
described this bill as “particularly ob-
noxious.”

On the other hand, Congress was
obliged to make sure that so vast a govern-
mental spending agency was held within
the public interest. At a time, for example,
when small business was the subject of
efforts to improve its place in the expand-
ing military procurement program, Rep-
resentative John W. McCormack of Mas-
sachusetts elicited the information that
the Signal Corps had obligated $8,000,000
in contracts with five large companies,
especially General Electric, during the
calendar year 1939.” The Signal Corps
had its closest relations particularly with
the “Big Five”: General Electric, Western
Electric, Westinghouse, RCA, and Ben-
dix.? The Eastman Kodak Company was
the prime producer of photographic
equipment.

“Our big push in procurement did not
begin until September 1940,” Robert P.
Patterson later recalled before the Truman
Committee.® Along with a number of other
actions urging maximum production after
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the Allied disaster of May, President
Roosevelt set up an Advisory Commission
to the Council of National Defense to help
guide the production program about to be
set in motion. The Industrial Mobilization
Plan had envisioned something more like
an administrator than an adviser,'® and
ultimately the administrators—William S.
Knudsen, Donald M. Nelson, James F.
Byrnes, Jesse Jones, Henry A. Wallace,
William L. Batt, Harold L. Ickes, Harry
Hopkins, William N. Jeffers, and others—
did appear. But for the time being, the

" (1) SigC File .032 Legislation 7, 1939-40, passim,
especially: Ltr, SW to Chm HR Judiciary Committee,
4 Apr 39; Memo, CSigO to ASW, 21 Apr 39;
OCSigO R&W Action 1 by CDC [Lt Col Clifford D.
Cuny], 2 Feb 40; Ltr, CSigO to TAG, 4 Mar 440. This
file comments upon HR’s 4236, 7545, 8152, 1082,
8509, 4236, 74th Cong, Ist Sess, and 8. 59, 3515. (2)
Memo, CSigO for ASW, 10 Aug 40. SigC 160 Con-
tracts Gen 30. (3) Memo, Current Proc Br OASW to
CSigO et al., 18 Sep 39, sub: Closing agreement for-
mula developed by Treasury to facilitate work under
contracts affected by the Vinson-Trammel Act; (4)
Ist Memo Ind, OCSigO for ASW, 27 Sep 39, on
Memo, OASW for CSigO et al., 23 Sep 39, sub:
Direct current proc. SigC 160 Contracts Gen 26. (3)
Brig Gen Calvert H. Arnold, Procurement in the Sig-
nal Corps, lecture given in Army Industrial College,
26 Feb 46, p. 3. SigC Hist Sec File. (6) Ltr, Hon. John
W. McCormack to SW, 31 May 40; (7) Memo,
CSigO for ASW, 7 Jun 40, with Incl, draft of Ltr to
McCormack and ASW, 14 Jun 40. SigC 400.13 Gen.

8 The “Big Five” was a catch phrase in Signal
Corps procurement to refer to the giants with whom
it made most of its contracts. Like the “Big Ten” of
university football which for a time became the “Big
Nine,” the “Big Five” in many uses became the “Big
Four,” Bendix being omitted as not of equivalent
gigantic stature, although the Signal Corps had con-
siderable business with the Bendix Corporation, es-
pecially when acting as the Air Corps’ procurement
agent. Another variation in the use of the term was
that Western Electric, Graybar Electric, and their
controlling company, American Telephone and Tele-
gaph, appeared interchangeably.

9 Hearings Before Special Committee Pursuant to Senate
Resolution 71, 77th Cong, 1st Sess, Investigation of the
National Defense Program, 15 Apr 41, Pt. I, p. 21.

10 Senate Doc 134, 76th Cong, 2d Sess, Revised
I.M.P., 24 Oct 39.
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direct responsibility, as well as much of
the power, for the defense production pro-
gram was in the hands of the Assistant
Secretary of War. With the 1940 presiden-
tial campaign, Henry L. Stimson suc-
ceeded Harry Woodring as Secretary of
War, and Patterson joined Stimson as
Assistant Secretary. Patterson, then, was
the official with whom the Signal Corps
and other supply agencies worked.

It was just as well to have in Patterson a
new broom, for the explosion abroad had
made debris of most previous planning.
Everything had to be reconsidered. The
supply planning groups of the Signal
Corps had begun the period of limited
emergency with the strength of former
months unchanged. Maj. James H. B.
Bogman and five women clerks comprised
the Procurement Planning Section in the
Office of the Chief Signal Officer, and
there was one planning officer in each of
the three active Signal Corps Procure-
ment Districts. This staff had spent much
of 1939 endeavoring to meet the terms of
the revised Protective Mobilization Plan
going into effect on 10 April 1940. In the
interests of acceleration, Bogman had
acquired his first officer assistant, Capt.
Robert E. Burns, that spring, but still
needed a production engineer who could
help guide the planning through the maze
of electronic developments.

Their planning now identified two sign-
posts not hitherto marked. One was the
fact that the Protective Mobilization Plan
revision provided reasonably accurate ta-
bles of basic allowances for the first time;
the other, that a Strategic Materials Act
had authorized the stockpiling of strategic
and critical materials.’* Now the relaxing
of peacetime contractual regulations in
the procurement of experimental, test, and
secret equipment constituted another ad-
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vantage to them, for planners had consist-
ently anticipated that in time of emergency
they would be allowed to drop open bid-
ding and replace it by the direct or negoti-
ated awards which they felt sure would be
a short cut.

Except for radio compasses and wire
and cable, foreign orders were proving
negligible. The cash-and-carry policy de-
nied U.S. material in any abundance to
almost every nation, because those which
might have afforded the cash did not have
or could not spare the navies to carry the
material. The few foreign orders were
proving of positive benefit, however, con-
trary to expectations, particularly because
they helped to alert both the Signal Corps
and its manufacturers. The latter usually
notified the Chief Signal Oflicer even
before requesting a Munitions Board per-
mit to sell, and the Chief Signal Officer
either urged manufacturers to follow mili-
tary design where possible or himself re-
leased the design to the interested nation,
as in the case of granting the British access
to the aircraft radio compass. Release of a
design to one country permitted the manu-
facturer to sell it to any other nation, and
so to increase his productive potential
even while he committed current operat-
ing capacity. Thus production of military
signal equipment in greater quantities
than the Signal Corps would absorb was
slowly placing industry in a better position
to meet war.

The Signal Corps had been slow with
educational orders, partly because of the
assumption that the half-dozen companies
dominating communications manufacture
were well in command of the situation.
Inquiry now showed such disturbing facts

u (1) Pub. 117, 76th Cong, Ist Sess. (2) Report of
Second General Procurement Planning Conference,
9-14 Oct 39. SigC FM 186 Plng Gen ASW.
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as a serious shortage of machine tools and
of men trained in the skill to use them.
Again, for field wire, that subject of more
than twenty years of supply planning,
there appeared to be only two companies
in the United States capable of making it;
and neither had done so. Under sugges-
tion from the Office of the Assistant Secre-
tary, the Signal Corps now reversed its
position on educational orders and en-
tered upon the first of a series: a contract
with John A. Roeblings’ Sons for 500 miles
of W-110-B wire a month. Eventually
eleven firms learned through educational
orders to make this wire, at a combined
rate of 8,500 miles a month.'? This was
still far from enough. How far, could be
measured by the fact that the planning
which followed World War I had called
for twice as much.

To be awarded an educational order, a
company had to complete a detailed pro-
duction study which showed a scheme for
conversion of the plant to emergency mili-
tary production and listed in full the ma-
chine tools, dies, jigs, fixtures, and gauges
needed, with indications of where they
could be obtained; components and acces-
sories to be purchased from designated
contributory sources; and the number of
workers, with the time required for train-
ing them. Under the terms of the order,
the manufacturer also estimated what the
cost of manufacture in quantity would be
if the “educational” method were em-
ployed on a mass production line. Inshort,
the award of an educational order could
give the Procurement Planning Section the
information that production surveys had
not drawn out.

The stand-by equal in importance to
wire, the EE-§ telephone which the entire
Army used, constituted another invitation
to educational orders. American indus-
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try’s capacity to produce it was fifty a day.
Its manufacture involved hand cutting
and sewing of leather cases; special proc-
essing of kangaroo skin used in the cover
section of the case; individual production
of plastic parts, like the handles, which
could be mass-made; and altogether a
watchmaker’s skill on the part of the arti-
sans. The cord was figuratively strangling
production of the telephone, because only
one manufacturer knew how to make it.
Educational orders which set three facili-
ties to work on the EE-8-A developed new
sources of supply for the cord and stream-
lined the manufacture by introducing ma-
chine sewing and finishing of the cases,
substituting cowhide or even processed
canvas for the kangaroo, and devising
rapid assembly lines. Maximum daily pro-
duction rose from 50 to more than 2,000."?

Military radio equipment, often having
little in common with civilian items, pre-
sented a serious procurement problem
even when ordered in small lots, let alone
in quantities. Radio is never wholly ame-
nable to mass-production techniques. Its
manufacture is essentially not an industry,
but a craft; and radiomen echo this feeling
when they speak of their work as the radio

2 (1) Report on Problem No. 3, Analysis of Basic
Industry, Committee E, The Machine Tool Industry,
1938-39 course, Army Industrial College, Dec 39. (2)
H. D. Hausman, Procurement Planning and Indus-
trial Mobilization, 1920-1940, Pt. II, p. 162 and
passim. OC8igO Industrial Mob Br File. (3) “The
Crowell Board [Brig Gen Benedict Crowell, Chm]
Report on Educational Orders for Peacetime Muni-
tions Production,” Army Ordnance, XX, No. 117 (No-
vember-December, 1939), 167-70. (4) Maj J. H. B.
Bogman, Chief of OCSigO Proc Plan Sec, A Procure-
ment Study of the Influence of Educational Orders on
Wire W-110-B, 21 May 40; (5) 4th Ind, CSigO to
ASW, 4 Jun 40. SigC 160 Contracts Gen 29.

'3 (1) Lt. Col James H. B. Bogman, Current Prob-
lems in Signal Corps Procurement, Army Industrial
College Short Course 3, Jul-Sep 41, pp. 14-15. (2)
Hausman study cited n. 12(2), Pt. II, pp. 240 ff.
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art. Radio manufacture had become an
industry, undeniably, but industrial mass
production had brought such a cheapen-
ing of the product that workers in the big
plants would have to be trained to do
better work. They were so used to a stand-
ard which cut corners, eliminated certain
parts, adulterated others, accomplished
the wiring or soldering hastily, and assem-
bled components without the necessary
repeated testing of both the individual
parts and the whole radio that, confronted
with a call for carefully made equipment,
they had no experience with which to
start. It was desirable to apply mass-
production techniques in order to meet a
wartime demand for military radio, but
there was a serious risk that they would
turn out botched equipment. To satisfythe
extraordinarily technical requirements of
the armed forces, companies which had
been making thousands of radios would
have to learn to make thousands of good
radios. Toward this end, their employees
would have to be metamorphosed from
assembly-line automatons to painstaking
craftsmen: anirony quite the reverse of the
need in EE-8-A telephone manufacture.

For this reason as much as because the
field was considered to have been finally
partitioned by a few companies, it had
been against Signal Corps policy to place
educational orders for radio. Bogman’s
office now had a production engineer who
had reinforced this policy by reporting
that it was impractical to compute radio
requirements under the Protective Mobi-
lization Plan because design changed too
fast. Accordingly, the Signal Corps with-
held educational orders until designs could
be frozen long enough to make the pro-
duction test worth while. But May 1940
changed that. General Mauborgne sought
$2,665,000 for educational orders to cover

THE SIGNAL CORPS

nine of the most important items of radio
equipment which the Signal Corps pro-
cured for troops.™

The Chief Signal Officer had already
asked the Senate, on May 10, to restore
funds permitting the fifty-seven aircraft to
be equipped with radio. Six days later
President Roosevelt threw all previous
estimates to the winds by asking for 50,000
airplanes within the coming fiscal year.
At the same time funds became available
to let a secret contract for $1,000,000
worth of SCR-268 searchlight-control
radars. The sum was unheard of for in-
vestment in a single item, and industry
was unprepared to deal with it. A few of
the great companies had worked with
radar on an experimental basis in their
laboratories (RCA notably, as General
Electric had with FM), but they were re-
luctant to contract for large-scale produc-
tion of sets. Eventually Western Electric
took up the contract.

There was more in this incident than
the frequent refusal of industry to partic-
ipate in the defense program unless all
risks were removed and top profits guar-
anteed. Manufacturers did sometimes
accept contracts which later proved to
have disadvantageous specifications. This
was almost the situation—a situation res-
cued for a happy ending—with reference
to a contract which the Allen D. Cardwell
Manufacturing Company made to pro-
duce frequency meters. A frequency meter
is an essential in electric communications;
and the one which the Cardwell firm pro-
duced turned out to be “super-delicate”
and ““of the most accurate precision.” In

14 (1) Milton B. Sleeper, “War Revises Radio In-
dustry,” FAM [later FAM and Television], 11, No. 6 (Jan-
uary-April, 1942), pp. 5-6. (2) Proc Plan Sec Supply
Div OCSigO, Data for Bi-Weekly Conference, 23
May 40. SigC PP 381 Plans Acceleration, May 40.
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making it so, the manufacturer had ac-
cepted requests from the Laboratories not
actually incorporated into.the specifica-
tions; this had thrown him far behind
schedule; and he became liable to heavy
damages despite the undenied fact that he
had produced a much better item than
the government had contracted for. After
due negotiation, he obtained a remission
of damages, but the call was close.*®

In taking up the million-dollar SCR-
268 contract, Western Electric was in no
such danger. It had a cushion of capital
resources, its own laboratories, a firm
understanding with the Signal Corps, and
an almost impregnable position in the na-
tional business economy.

With this order for radar and the pros-
pect of equipping 50,000 airplanes, the
Signal Corps passed a milestone on the
way to the tremendous procurement pro-
gram of World War II. In the ensuing
month, the New York Signal Corps Pro-
curement District alone let more than
$2,000,000 worth of contracts.'®

It became evident that in order to meet
the quotas of the new fiscal year’s up-
stepping procurement, one-shift plants
would have to go onto two-shift schedules,
two-shift plants go to three. It became fur-
ther evident that plant space as well as
plant manpower must grow, and on June
25 Public Law 664 authorized govern-
ment financing of such expansion through
the Reconstruction Finance Corporation.
The Signal Corps’ first arrangement of the
sort was for the Bendix Radio Corpora-
tion, in the production of radio compasses,
frequency meters, direction finders, and
other items of the Air program.

On June 27 the President established
the National Defense Research Commit-
tee “to correlate and support scientific re-
search on the mechanisms of warfare” and
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to contract with individuals, educational
or scientific institutions, and industrial
organizations for studies, experimental in-
vestigations, and reports. NDRC was the
forerunner of OSRD, the Office of Scien-
tific Research and Development, and the
chief civilian governmental agency to
which the Signal Corps looked during the
war.

On June 28 Public Law 671 effected
more of the measures which military pro-
curement had looked for: in this case,
priority of Army and Navy contracts over
civilian and export contracts, and suspen-
sion of the provisions of the Walsh-Healy
Act'" at need, particularly the limitation
to an eight-hour day.

And on July 2 Public Law 703, another
in the urgently mounting list ‘‘to expedite
the strengthening of national defense,”
greatly enlarged the area where nego-
tiated contracts would be permitted. The
charge was now definitely upon big indus-
try and the Military Establishment to
equip the nation for war, for major curbs
hitherto applied in the public interest had
been removed.

At first, the War Department handled
this grant of authority with extreme cau-
tion, the Office of the Assistant Secretary
drawing up and distributing rules to
govern it. Negotiated contracts involving
$500,000 or more, as well as cost-plus-a-
fixed-fee contracts, could be made only
with the approval of the Assistant Secre-
tary and subject to the further approval
powers, if he exerted them, of Donald M.
Nelson, the chairman of the Advisory
Commission to the Council of National

‘-"—S;gC Fil; Contract W-227-SC-1723, passim.

1% Ltr, Actg O/C N.Y. SigC Proc District to CSigO,
18 Jul 40, sub: Monthly status rpt. SigC 400.13 Gen
18.

'* See Fairchild and Grossman hist cited n. 6(3).
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Defense. A set of standards stated by the
commission would guide the War Depart-
ment’s procurement, Patterson an-
nounced. Speed was the foremost of them,
but not to the extent that the devil could
take the hindmost. The military economy
was cautioned to maintain itself wholly
within the civilian economy, statutory
guarantees to labor being preserved, com-
mitments towa