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PREFALE

This report is a revision of my doctoral dissertation, "The Origin of Radar at the Naval Research
Laboratory. A Case Study of Mission-Oriented Research and Development," which was accepted by
Princeton University in January 1980, While most of the material in the text is the same, I have made
some significant changes in the final chapters.

Mission-oriented rescarch and development has comprised a substantial portion of American sci-
ence since the late 19th century. This study examines one instance of it: the early development of
radar at the Navai Research Laboraiory (NRL). Since opening in 1923, NRL has been the principal
hume of advanced science and engineering in the U.S. Navy, the creation of practical radar equipment
itere was one of the most significant achievements of the institution prior to World War Il. In the
dissertation, the history of this development is told. The principal aim is to answer the question, What
was the cumbination of technival determinants and administrative, economic, political and personal fac-
tors that caused radar to come into being and then led the project to progress as it did? That is, What
characterized the institutional process involved in this case of mission-oriented research and develop-
ment?

A brief introduction dramatizes the problem and explains the approach. The next three chapters
then retreat from the immediate subject to examine the background. Chapter 2 summarizes those
aspects of the early history of industrial research laboratories and of research and development in the
U.S. Navy that pertain to the creation of NRL. Chapter 3 treats thc origin of NRL in detail, moving
from the initial plan for it in 1915 until it began operation 7 years later. Chapter 4 relates antecedents
of the radar project. A failure to initiate such a program in 1922, when the opportunity first arose, is
analyzed. Then various personal and institutional factors pertaining to the general operation of NRL
are discussed.

The next three chapters trace in detail the development of the first practical radar device Chapter
5 takes the story from the time the radar project started in 1930 through the first test of equipment in
1934. Chapter 6 continues the account until 1936, when the first satisfactory working models were
demonstrated. Chapter 7 moves from there until operational equipment was heing introduced into the
fleet.

In Chapter 8, the story broadens. Soon after the possibility of equipment was proved, it became
clear that the ideas basic to radar could lead to a host of useful devices and that a new field of technol-
ogy had been opened. This chapter examines those parts of the early work in the field that were
directly related to the radar program at NRL. The chapter concludes by showing how the radar project,
along with other major programs and forceful administrative guidance, led NRL to assume a more
important role in the Navy as the possibility of war increased during the late 1930s. Chapter 9 situates
the radar work at NRL in its international context. It first compares the project to similar efforts of the
U.S. Army and Great Britain and relates the effect on NRL's program when detailed knowledge of the
British achievements were disclosed in 1940. 1t then describes how the mobilization of civilian scien-
tists in the United States, under the National Defense Research Committee, affected NRL’s institu-
tional role. Finally, it traces progress in the NRL radar project until the beginning of World War 11
The chapter closes with a description of what equipment was actually operational in the fleet at that
time. A concluding chapter presents the authors assessment of the study and its significance.




B e e

g

- f ~ s
S . . —— . [N
. — et e o, “a -

S N

FOREWORD

g The title of this volume, "New Eye for the Navy: The Origin of Radar ai the Naval Research
] Laboratory,” inadequately describes its contents. It is, in fact, a remarkable case study of mission-
oriented research and development during the critical period from World War | through World War 11,
Dr. Allison has completed a scholarly review of the development of radar at NRL together with the
personalities and objectives of the people who were involved in it.

In a broader sense, this volume answers a group of questions which have major impact in the con-
text of the current complex world of research-and-development administration. How and why did the
Naval Research Laboratory develop as an institution? How did it evolve from the original concept of
some of its early supporters? Originally, NRL was conceived as being an extrapolation of the arsenal
concept of the nineteenth century. Within five to ten years of its founding, however, it evolved into a
modern laboratory which integrated basic research with system developments. When was the idea of
radar conceived, and when did the laboratory develop it? Why was the early equipment designed as it
was and in what sense did it reflect institutional capabilities and biases? This book also discusses the
response of the leaders of operational forces to the development of radar and examines the relationship
of the NRL development to other independent developments both in the United States and abroad.
The transition of research from an in-house government laboratory to private industry has always been
a difficult, controversial problem. Hence, the case study of how private industry became involved in
radar is extremely illuminating. The question of what brought about the transformation of the primi-
tive laboratory radars of the 1930s into a mature technology that resulted in a massive production effort
during World War Il is examined with remarkable insight and clarity. These important issues and the
responses to them record and explain one important aspect of how the Department of the Navy met its
responsibility to maintain national defense in the years between World War I and World War 11

The study has gone beyond these topics to touch on much broader issues. It captures many of the
essential qualities of how men react to the challenge and opportunities of scientific research and how
, institutions develop their positions, shape their thoughts, generate plans, and respond to the constraints
! of the time. Any person with major responsibilities for the research-and-development program of a

mission-oriented agency or marketplace-oriented industry will find this volume remarkably interesting
and provocative.

While this volume was origmnally deveioped by Dr. Allison as part of his PhD dissertation, spon-
) sorship of its publication in book form by the Naval Research Laboratory was deemed appropriate
because -of the broader aspects treated. Dr. Allison has provided an invaluable historic record of the
development of a particularly important technology which revolutionized warfare, transportation,
weather prediction, and national defense generally. He has treated the general question of the evolu-
tion of institutions that are set up for mission-oriented research, and he has explored the very difficult
process of how new ideas and technology are introduced into society. All readers should find the read-
ing of this book an extremely rewarding experience.

/s/ Alan Berman
NRL Director of Research
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NEW EYE FOR THE NAVY:
THE ORIGIN OF RADAR AT THE NAVAL RESEARCH LABORATORY

1. INTRODUCTION

It was mid-December 1934. Rabert M. Page, a rescarch engineer at the Naval Research Labora-
tory, sat alone before the glowing screen of an oscilloscope. He searched for bumps along the outer cir-
cumference of a circular pattern that was constantly being swept out by a moving dot.! A bump might
indicate either one of the short strong pulses of energy being emitted by a radio transmitter and syn-
chronously displayed on the oscilloscope by means of a direct electrical connection or a weak echo of a
pulse coming from an airplane that was flying up and down the Potomac River. Display of the
transmitted pulses was automatic, but if the screen was also showing signs of echoes, it meant that the
invemiozn he was testing—a system using radio pulses to detect and determine the rasge of airplanes—
worked.

The sysiem was (o operate in this way: The dot sweeping out the circle measured the flow of
time. It would jump away from the center and form a bump whenever u transmitted pulse or an echo
picked up by the receiver was fed to it. The distance between bumps caused by a pulse and its echo
could be used 1o calculate the range of the airplane. The idea had been swdied at the Laboratory for
some time; this was the first practical test of equipment.

Years later, Page described the test as follows:

Having built a radio transmitter for illuminating targets with short
pulses of radio frequency energy, we desired to find out whether echoes
from aircraft could be detected with those short pulses. For eight
months we had dreamed and thought and planned and worked on a fan-
tastic idea, knowing it could be doomed, but fired with a burning hope
that it was destined to succeed. Many problems remained to be solved
in receiving and indicating echoes from targets, if there were any
echoes to receive. It was very important to find out as early as possible
whether there was any need even to try to solve these other problems.
All we needed was to determine whether pulse echoes would occur in
sufficient energy to be detected at all. So a test was set up in which a
laboratory model of a very high gain, high frequency experimental
receiver with a cathode ray indicator and a separate receiving antenna
was used to test for the presence of radar echoes. The pulse
transmitter and keyer were in one building with a directive antenna on
the roof. The receiver and indicator were in an adjacent building with a

Manuscript subraitted December 15, 1981.

! This type of indicator was soon replaced by other forms. The familiar plan position indicator, which puts dots on the screen at
such roints that their polar coordinates indicate distance and direction of objects from the receiver .ntenna, was a much later
development.

2The word radar, an acronym of radio detection and ranging, was coined in 194( by two U.S. naval officers and was soon ap-
proved as an official name in America for this type of device. By 1943 it was in g.~eral use throughout the Allied forces. After
World War 11 it was adopted throughout the world.
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similar directive antenna on its roof. The keyer in one building and the
indicator in the other were conrected by a cable for synchronizing the
indicaior with the transmitter pulses. The two antennas were pointed
out across the Potomac River, which Howed past the Laboratory, and a
small airplane was flown up and down the river through the radar beam
at low altitude.

Echo signals from this airplane were observed while the
trarsmitter was ofl in the intervals between pulses. This was preof that
short pulse echo energy was sufficient to justify going ahead with solu-
tion of the receiver and indicator problems Thus did pulse radar pass
its first test with an airplane target in December 19342

Although the test was a success. there were, as Page said, many problems with the equipment.
Instead of two distinct bumps, for a transmitted pulse and the received pulse, the oscillowcope showed
only a confused mix, obvious in the wavering or "beating” of the bumn that indicated the transmission.
And, to cause any effect at all, the plane had to be so close that detection by sight or sound was much
more effective than detection with the new device.?  Indeed, Page’s immediate reaction was not elation
but frustration and disappointment. He later remembered,

I was just emotionally completely thrown by [the resultsl. 1 should
have known better. | shouldn’t have been expecting so muchi. 1t took
me, | think, a couple of days to recover.*

Scon, however, he realized that the receiver had indeed indicated both pulse and echo, and that thus
some form of radio detection was possible. Equally important, the results convinced his supervisors
that the work was promising enough to go on.

This incident is but one small part of a long process that constitutes the development of radar.
But in many ways it exemplifies the whole. Talented men conceived new technical ideas based on their
advanced knowledge of radio principles. They transformed them into a configuration of antennas,
wires, and tubes. The equipment was tested under operating conditions, and the results led to new
ideas for madilications and improvements. Overlooking the entire research process, guiding and shap-
ing it, were administrators of the Naval Research Laboratory and the Navy as a whole. These men set
the goals of the project and determined what resources would be allocated 1o it. Because they did not
follow the details of the work, practical demonstrations often provided them with an important, objec-
tive measure of progress. s d

;' 7 4
M
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“thIS study narrates the origin of radar at the Naval Research Laboratory. Although many of the

details have been recounted before,® I write here from a new point of view with a definite purpose. 1

Robul M. Page, The Origin of Radar (Garden City, N.Y.: Doubleday, 1962), pp. 64-66.

*Robert M. Page, laboratory notebook 171, vol 111, pp. 98-99, in records of the Naval Research Laboratory, Records and
COUCSPOFd"nCL Management Office, NRL, Washington, D.C.

Transcnpl of a tupe-recorded interview with Dr. Robert M. Page, Oct. 26 and 27, 1978, in the Historian’s office, NRL, Was" -
ington, D.C,, p. 62,

$Most previous accounts concentrate on the history of technical developments. The most important discussions nf NRL's work
appear in: Louis A. Gebhard, The Evolution of Naval Radio-Electronics and Contributions of the Naval Research Laboratory (Wash-
ington: NRL Report 83C0, 1979); Henry Guerlac, Radar in World War 11 (unpublished history of Division 14 of the National De-
fense Research Commiittee, 1947); John M. Hightower, "Story of Radar,” U.S Congress, 78:1, Senate Document 89 (Washing-
ton: GPO, 1943); Captain L.S. Howeth, History of Communications-Electronics i the United States Navy (Washington. GPO, 1963);
Joint Board on Scientific Information Policy, "Radar: A Report on Science at War" (Washington: GPO, 1945); John B. McKin-
ney, "Radar: A Case History of an Invention” (unpublished term paper for the Harvard Business School, 1961); Robert M. Page,
op. cit. {note 3); and Charles Susskind, History of Radar: Birth of the Golden Cockerel (book in preparation),
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write from an institutional perspective. 1 argue lhnr\‘ﬁudar should be seen as the product not simply of
onc man or ¢ven a group of men but rather as the result of individuals working within the structure of
a mission-oricnted research-and-development facility. To comprehend how radar was developed, when

4 it was developed, and why, one must follow not just the evolution of technical progress but also the
administrative and political decisions that shaped it. One must understand how the talents and motiva-
tions of the people who created this new device were related to the particular institutional situation and
historical context in which they labored.

The account is the story of a modern rescarch-and-development laboratory in action. It discusses
one mayjor accomplishment of one institution. But it is also written to contribute to a broader under-
standing of the history of research and development laboratories in general and of the influence they

have had on the course of modern American history. The work of the Maval Research Laboratory on
radar is a significant episoce in that story.




——

2. HISTORICAL BACKGROUND

A study of institutionalized research and development should begin with the institution itself.
Accordingly, the formation of the Naval Research Laboratory is the subject of these next two chapters.
Knowledge of the initial organization, program, and policies is directly pertinent to understanding the
developmen: of radar, for it began during the years when they were in effect

The Naval Research Laboratory was a product of World War 1. [t resulted when a group of civili-
ans called to advice the Navy on scientific matters attempted to create within it a research laboratory
modeled on thosz that had already been set up in American industry. Details of the origin are dis-
cussed in the foilowing chapter. This one examines the historical context. There are two parts. a dis-
cussion of the early history of industrial research, with special attention to the laboratories of Thomas
Edison, and a general consideration of Navy research-and-development fadilities until World War L.

THE INCEPTION OF INDUSTRIAL RESEARCH

Industrial research laboratories were first formed in America in the late 19th and early 20th centu-
ries.! Their creation was related to several major historical trends. Tirst, the evolution of knowledge in
the physical sciences led to a host of new inventions. Chemistry, optics, thermodynamics, electricity,
and magnetism, {or example, provided the understanding necessary for such innovdtions as artificial
dyes, high-grade r ptical glass, improved gunpowder, \ulcanized rubber, the telegraph, the electric light,
and the telephone. The path from siientific knowledge to practical product was by no means simple or
direct. Indeed, throughout this period of history, the best inventors often had little or no scientific
training. Nonetheless, inventions increasingly depended on the results of scientific investigation—
indirectly if not directly. The art of inventing had begun to require the methods of systematic research.

Secund, business and industry were beceming more deeply involved with technological innovu-
tion. The uac of machines that had transformed textile manufacture was now spreading throughout
the ceonumy to such areas as transport.ation, communication, and chemical production. In many cdses,
inventions gave birth to new companies such as those in the telephone. telegraph, photographic, ant
electric lighting industries.

The rapidly growing use of new technology did not come easily in business. It wus inexcrably tied
to the adoption of new methods of management, institutiond! organization, distribution, and finance.’
The creation and success of industrial rescarch laboratories depended as much on the ability of Ameri-
can firms to use technical changes profitably as it did on the ability of technivally minded peuple to pro-
duce them. Nonetheless, as has often been stated, increased reliance on technology tended to foster

"There is nu womprehensive hustury of industrial research laburatories. The studies 1 used for general infurmativn are the folluw

ing Howard R Bartlett, "The Developruent of Industrial Resvarch in Ameria,” in Nationdl Resouries Planning Board,
Research—. Natwnal Resource, three vols. (Washington. GPO, 1938-1941), vol. 1, pp. 19-77, W. Dawvid Lewss, "Industrial
Research and Development,” in Melvin Kranzberg and Carroll Pursell (editors), Tedhnulogs i Bestern Cuilization, two vols.
(New York Oxford University Press, 1967), vol. 11, pp. 615-634, Harold Vagtborg, Research and American Industrial Dovelopment
(New York. Pergamon, 1976), Kendall Birt, Piuncering in Industrial Rescarch {(Washington Publie Aftairs Press, 1957), Levnard S.
Ruich, "Radio Llectronies and the Development of Industrial Research in the Bell System,” (PhD Dissertation, Juhns Hupkins
University, 1977), especially ch. 1, and David Noble, dmerica & Design. Sueme, Technolugy, and the Rise of Corpuraie Caputahism
(New York: Knopf, 1977), especially ch. 7.

’See, among other accounts, Alfred D. Chandler, Jr., The Visibl Hand. The Managenal Rovolutton i Anicrican Business (Boston.
Harvard University Press, 1977), and Harold Passer, The Llecrial Manufacturers, 1875-1900 (New York. Arno, 1972, reprint of
the original 1953 edition).
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even more dependence on it. This was especially true of many electrical and chemical firms that owed
their existence to innovations. Being successful increasingly meant acquiring and maintaining a lead in
technology.

One particular stimulus for companies to develop their own research facilities was the American
patent system. As David Noble and Lenny Reich® have emphasized when studying this aspect of indus-
trial research, if’ a company had its own laboratory, it had a better chance to come up with significant
new ideas first and then, with patents, to control the use of the ideas by other firms. Thus might whole
fields of enterprise be dominated. The desire to acquire patent protection was a major reason for the
creation of laboratories by such companies as General Electric, Kodak, and American Telephone and
Telegraph.

Finally, industrial research was linked to the growth of formal scientific and engineering education
in American institutes of higher learning. Technical education had developed slowly in America,
Although several specialized technical schools had appeared before the Civil War and science had by
then begun to be taught in the standard curriculum at many colleges,* major changes did not come until
after 1860. The Morrill Land Grant Act, passed by Congress ir. 1862, helped bring systematic training
in agricultural sciences to all states. The Massachusetts Institute of Technology (opened in 1865), Cor-
nell University (founded in 1869), and many state universities produced college-trained engineers who
began to supplant those trained in the shop.* Johns Hopkins University (opened in 1876) followed by
Harvard, Yale, the University of Chicago, and other leading schools brought the development of
research-oriented graduate education in science.® The elective system, started by President Charles
Eliot of Harvard in the 1870s, helped open specialized training in science and engineering to undergrad-
uates.

As such changes spread throughout America, they allowed colleges and universities to meet the
technical needs of the nation in two ways: Providing scientific knowledge on which technical innova-
tions depended and providing a growing supply of individuals with special skills in science and engineer-
ing. Although not all the men who were important in the early history of industrial research labora-
tories were formally trained, continued success of this type of institution depended largely on graduates
from colleges and universities.

The employment of scientists, engineers, and inventors in industry came gradually.” In some iso-
lated cases during the early and mid-19th century, professionals were called on as consultants to solve
specific problems or test, analyze, and improve products. In other cases, inventors, particularly those,
who had sold their ideas to a firm, were taken on as employees. Still others set up their own com-
panies. In the entire period, however, the application of science and invention to industry was sporadic
and unorganized, and the work of industrial scientists was usually routine application of exisling
knowledge.

It was not until the last quarter of the 19th century that American companies began to create
organized research facilities. Those established by Thomas Edison were among the first. Since Edison

30p. cit. (note 1).

See Frederick Rudolph, The American College and University: A History (New York: Vintage, 1962), and Stanley M. Guralnick,
Science and the Ante-Bellum American College (Philadelphia: American Philosophical Society, 1975).

SMonte A. Calvert, The Mechanical Engineer in America, 1836-1910 (Baltimore: Johns Hopkins University Press, 1967); Edwin
Layton, The Revolt of the Engincer (Cleveland: Case Western Reserve University Press, 1971), especially ch. 4, "The Politics of
Status.”
6See Daniel J. Kevies, "The Study of Physics in America, 1865-1916" (unpublished PhD dissertation, Princeton University, 1964),
and idem, The Physicisis: The History of a Sciemtific Community in Modern America (New York: Knopf, 1977), especially ch. 5,
"Research and Reform."
THoward R. Bartlett, op. cir. (note 1), p. 25.
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became deeply involved in the creation of the Naval Research Laboratory, buth he and his establish-
ments will be discussed.

EDISON AND HIS LABORATORIES?

Thomas Edison has best been described not simply as a brilliant inventor but as an inventor-
entreprencur.’ He devoted his life not only to creating, designing, and improving products but also to
making those products marketable and profitable. More than his remarkable ability to solve technical
problems, it was this dual orientation that made his career so noteworthy and influential.

Edison’s self-education and yeats of youthful wandering as an itinerant telegraph operator are well
known By age 21, he had decided to become an inventor. le managed to sell several of his first ideas
and devices to Western Union, and, in June 1869, the company settled with, him all at once for a
number they had purchased, giving him a lump sum of $40,000. With it he estatlished a manufactur-
ing firm in Newark, New Jersey, to produce stock tickers based on his ideas. Soon he established two
more small companies to develop and manufacture other inventions.'®

These shops allowed Edisen to do much experimental investigation, but they were primarily
manufacturing firms. The resources and time that he could devote to developing new products were
limited; the troubles inherent in making small companies profitable were great. All of his experience
taught him that successful invention was closely linked to manufacture, but he began to hope more and
more that he could start devoting all his time to invention. One aspect of his situation in Newark, how-
ever, he did not want to give up: an organized and talented staff’ of assistants. He 1ealized that if he
were to be successful as a professional inventor, he could not be successful alone. Finally, in 1876, he
decided to risk making systematic and organized research profitable. Ile gave up his .« ifacturing
interests in Newark and moved to an isolated country town, Menlo Park, New Jersey, t¢ . suablish an
"invention business."

The Laboratory he built at Menlo Park was a startling new departure, yet it was also a continua-
tion along lines of development and aspiration that he had followed for yeuars. Several men who worked
with him and wrote his authorizcd biography describe the change in this way:

...it had been a master passion with Edison from boyhood up to pos-
sess a laboratory, in which with free use of his own time and powers,
and with command of abundant matcrial resources he could wrestle
with Nature and probe her closest secrets. Thus, from the little cellar
at Port Huron, from the scant shelves in a baggage car, from the nooks
and corners of dingy telegraph oflices, and the grimy little shops in New
York and Newark, he had now come to the proud ownership of an
establishment to which his favorite word, ‘laboratory,” might justly be
applied. Here he could experiment to his heart’s content and invent on
a larger, bolder scale than ever—and he did!!!

8The principai source I used for this section was Matthew Josephson, Edison. A Brography (New York. McGiaw-Hill, 1959). To a
lesser extent I relied on Frank L Dyer, et al., Edison, His Life and Inventions, two vols. (New York. Harper, 1929), Francis Jehl,
Menlo Park Reminiscences, 3 vols. (Dearborn, Mich.. Edison Institute, 1937-1941), Thomas P. Hughes, Thomas Edison, Profes-
sional Inventor (London’ Her Majesty’s Stationary Office, 1976), idem, "Edison’s Method," American Patent Law Association Bul-
letin, July-Aug 1977, pp 433-450; Harold Passer, op. cit. (note 2), and Robert Conot, A Streak of Luck. The Life and Legend of
Thomas Alva Edison (New York: Seaview, 1979).

% This characterization has become fairly common in recent writing about Ldison but probably 1s best elaborated in Passer, op. ar.
(note 2), pp. 176-191, and Hughes, Thomas Edison... (note 8), p. 20.

1 josephson, op. cit. (note 8), pp. 84-104.

Y Dyer, et al., op. cit. (note 8), vol. 1, p. 269.
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The laboratory building itself was rather humble. Measuring 100 feet long and 30 feet wide, (30
by 9 meters), it was covered with white clapboard and even had a front porch. But the apparatus inside
in no way matched the appearance: it included a wide range of chemicals and modern electrical experi-
mental equipment. Some of the latter was so sensitive that it was put on qucially constructed

"vibrationless" tables, with their own solid foundations extending deep into the ground. In addition,
there was an excellent library containing thousands of volumes of scientific and engineering periodicals
and reference works. Here Edison located his office and regularly perused the collection when working
on new ideas.!?

The stafl’ was initially composed of about 12 men he had brought from Newark-—mostly self-
taught inventors like himself. But soon he began to add individuals with professional training. One
important example was Francis Upton, who had studied mathematical physics both at Princeton and
under Hermann Helmholtz in Berlin. Edison relied on Upton to make difficult mathematical calcula-
tions or scive theoretical problems. The art of invention was changing, and Edison was wise enough to
change with it.

The years at Menlo Park were his most productive. There he made many of his most important
inventions: the phonograph, the carbon telephone, the chalk telephone, and, greatest of all, the incan-
descent lighting system. These, especially the last, soon led him back into manufacturing. By the mid
1880s, the research facility at Menlo Park had fallen into disuse as he and his stafl had become
involved with producing and marketing his products.”

When he decided again to focus on inventing, he chose to make a new start on a grander scale.
In 1887, he built a new laboratory and manufacturing plant in West Crange, New Jersey. The labora-
tory buildings were 10 times the size of the one at Menlo Park and constituted at that time the largest
and most complete private research establishment in the world. The main building had 60,000 square
feet (5600 square meters) of floor space and contained large machine shops, chemical and photographic
departments, and rooms for electrical testing. The library housed 10,000 volumes, and the scientific
staff numbered between 45 and 60.'* Here Edison would spend the rest of his career developing and
marketing earlier inventions, such as the phonograph, and making new ones, such as motion pictures.
Here also he would face his greatest challenges when trying to develop storage batteries, develop a
method for extracting iron ore by magnetic means, and create artificial rubber from goldenrod.

The well-publicized success of the laboratories at Menlo Park and West Orange and the companies
that developed from them helped encourage other firms to establish research facilities. In many ways
Edison’s establishments served as prototypes for later organizations. Both were similar in their depen-
dence on teams of workers attacking problems in a systematic fashion, for the stories of Edison devis-
ing his inventions with "strokes of genius’ are sheer mytk. Both had as aims the invention and design
or improvement of useful, marketable products. Both relied on published technical information and on
the skills of professionally trained scientists and engineers.

But Edison’s laboratories also had many special characteristics that later laboratories did not
share.!® He himself and his ideas were always the center of activity. His establishments were largely an
extension of his own powers to work out his plans and ideas. He was not so much the manager of his
laboratories as the single focus of their activity. Later institutions would encourage more freedom

2Hughes, in Thomas Ldison  {note 8), pp. 17 and 18, rightfully puts great emphasis on the sophisticated hbrary and equipment
Edison used.

13Josephson, op cit (note 8), p 290, also argues that the death of Edison's first wife had much to do with why he abandoned
the faboratory at Menlo Park.

14 bid., pp. 314 and 315,

V$Hughes, in "Edison’s Method” (note 8), argues that there are no essential differences between Edison’s laboratories and later
industrial research facilities 1 agree witl, his emphasis un the sophistication of Ldison's facilities, but [ still think some distinc-
tions mus1 be made between them and those that came later.
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among investigators and adopt management techniyues more suited to diversified investigation Furth-
ermore, «lthough Edison saw the distinction between research and productivn, he never made a strong
institutional separation. is own interest in both aspects of his work kept his laboratories tied closely to
manufacture. Later facilities would eschew so close a link. Finally, whereas Edison drew on the
findings of modern scientific research, his method was still primarily empirical. Later laboratories,
which relied more heavily on professionally traiued suientists and engineers than had he, would concen-
trate on giving scientitic explanations of phenomena. And, at least in some cases, they would
encourage employees to publish and thus contribute to the increase of scientific knowledge as well as
the development of practical products.

Thomas Edison bridged the change in American technological history from domination by the
lone inventor to the rise of organized research laboratories. His establishments mirrored his transition.
In their organization and mode of operatior. they mixed the methods of cut-and-try empiricism and
those of systematic scientific research They never fully changed to match the structure of the most
advanced research-and-develop.ment laboratories that were established after the turn of the century.
Still, Edison, as his involvement with the formation of the Naval Research Laboratory would show,
never gave up advocating the type of research policy his establishments embodied.

THE FLOWERING OF INDUSTR"AL RESEARCH

Research laboratories were created by many companies besides Edison’s prior to World War 1.
4 nong them were American Telephone and Telegraph, Eastman Kodak, DuPont, Parke-Davis Phar-
mu.ceuticals, the Corning Glass Works, Westinghouse, and several oil firms.'® General Electric, in 1900,
took a bold step and established the first laboratory dedicated primarily to basic research.'” Headed by
Dr. Willis R. Whitney, a chemist who had received his PhD in Germany for work under Wilhelm
Ostwald, it was staffed by top PhD scientistc and was based on the idea that fundamental scientific
investigation in the right fields would yield practical results for GE. In this institution, a new role
evolved for professional scientists in industry. Researchers were allowed to investigate scientific prob-
lems with the primary purpose of seeking new knowledge. That is, although limited in their subject
selection, they shared many of the freedoms of their academic colleagues.'

Whitney, like Edison, served as a scientific advisor to the Navy in World War I and helped plan
the Naval Research Laboratory. He brought with him the experience of having organized the first basic
research laboratory in American industry, an institution that differed significantly from Edison’s estab-
lishments. The differences would become apparent in the determination of the policy for the new Navy
facility.

Laboratories set up by other companies varied in size and type. Some focused on purely practical
problem-solving or on test and analysis of products. Others concentrated on inventing new products.
A few were modeled on GE’s laboratory and concentrated on basic scientific research. Probably most
fulfilled each of these functions to some extent. The diversity that appeared showed that different com-
panies hoped for different gains from organized science and engineering. But it had become clear that
industry had accepted the efficacy of systematic research. The first national survey of industrial labora-
tories, conducted soon after World War I, counted over 300 institutions.'® Indeed, even before the war
started, industrial research was well established.

1 5ee Bartlett, op. cit. (note 1) for a more complete listing.

See Kendall Birr, op. wt. {note 1), George Wise, "A New Role for Professional Scientists in Industry Industrial Research at
General Electric, 1900-1916," Technology and Culture 21 (July 1980). 408-429, and John T. Broderick, Willis Roderich Whitney,
Pioncer of Industrial Research (Albany, N.Y.: Fort Orange Press, 1945).

18 Wise, op. cit. (note 17} explans 1n greater detail how the scientist at GE was similar to and distinct from his academic counter-
part.
19Bartlett, op. cit. (note 1), p. 37.
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THE TECHNOLOGICAL REVOLUTION IN THE NAVY?

In the 1880s and 1890s, the United States began to aspire toward a Navy comparable to those of
Europe in order to project American power and defend American economic interests overseas. Moder-
nizing the American fleet, which had sunk to 12th among world navies, meant extensive mechanization
and the incorporation of much new technology. The same historical forces that had changed the techni-
cal base of business and industry were transforming the requirements of sea power. Wooden ships pro-
pelled by sail and armed with smoothbore, muzzle-loading cannon yielded to steel vessels with steam
engines and breech-loading, rifled guns. New forms of gunpowder, slow burning and smokeless, made
weapons more effective, as did stronger materials in shells. Optical range finders and other fire-control
devices increased accuracy. In an attempt to match improvements in weapons, steelmakers developed
stronger forms of armor. Other advances in shipbuilding allowed the creation of new types of vessels
or complete redesign of old forms. New doctrines of seapower, especially those of Alfred T. Mahan,
set forth new roles for warships. In short, all major aspects of naval warfare were changing. One good
summary describes the situation at the turn of the century:

...by the end of the nineteenth century the evolution of naval technol-
ogy had produced the essential elements of the combat fleet of the
pre-air age: the battleship, for carrying the brunt of offensive action,
the cruiser, for support of the battleship and scouting and convoy duty,
and the destroyer, for screening action, scouting defense against tor-
pedo attacks, and convoy duty: in addition, the submarine, with its
promise for both offensive and defensive operations, was soon 1o
become a practical reality. Furthermore, these fleet vnits had been
brought far toward the ideal of well-balanced and efficient fighting
mechanisms, each protected by excellent armor to the extent required
by the tactical doctrine governing its use, provided with armament that
was constantly being increased in power, range, and accuracy, and
powered by reliable engines that gave it the speed needed for perfor-
mance of its mission.?!

Along with the major changes in construction, propulsion, and ordnance came more limited but
still highly significant developments. Chief among these was the introduction of numerous electrical
devices on board ship Telegraphs, electric lights, electric firing mechanisms, telephones, turret control

B espite the importance of new technology to the development of the "nes Navy," the way the US. Navy acquired or
developed technical improvements in the period from the Civil War to World War I has recetved httle study. The best general
source | found was Piusburgh University Historial Stall, "Naval Research and Development in Worid War II' (unpublished
manuscript written in 1950, available from the Navy Department library). Also very useful were numerous unpublished histories
in the series "United States Naval Administrative Histories of World War 11," cataloged and filed in the Mavy Department hbrary.
There are a few published works that related directly to how the Navy awyuired its technology in this period. These include. Al-
bert Christman, Sailors, Scicntists. and Rockers (Washington. Navy History Division, 1971), Capt. LS. Howeth, History of
Communications-Electronics in the U.S Navy (Washington. GPO, 1963), and Taylor Peck, Round-Shot to Rockets. A History of the
Washington Navy Yard and U'S Naval Gun Facory (Apnapolis. United States Naval Insutute, 1949). Also helpful were History of
the Bureau of Engincering, Navy Department, During the World War (Office of Naval Records and Library, Historical Section, Puoh-
cation 5, GPO, 1922), and US Bureau of Ordnance, Ordnance Actviies, World War, 1917-19/8) (Washington. GPO, 1920),
though the information they provide on the prewar period is scant.

Numerous books describe broad aspects of the technological revolution and how it affected the Navy. Those 1 found to be
most helpful were' John D Alden, The Admercan Steel Nay (Annapolis,. U.S. Naval Insuitute, 1972), Frank M. Bennet, The
Steam Navy of the United States  (Pitsburgh Warren, 1896), Bernard Brodie, Sea Power i the Machie Age (Princeton, N.J..
Princeton University Press, 1941), Walter R. Herrick, The Amerian Naval Revolunon (Baton Rouge. Louistana State University
Press, 1966), Dudley W Knox, A History of the United States Navy (New York. Putnam’s, 1936, rev. ed., 1948), John D. Long,
The New dmerican Navy, two vols (New York. Outlook, 1903), Donald W. Mitchell, History of the Modern American Navy from
1883 through Pearl Harbor (New York: Knopf, 1946), and Harold and Margaret Sprout, The Rise of Amercan Sea Power (Prince-
ton, N.J.: Princeton University Press, 1939).

M pittsburgh University Historical Stafl, op. cit. (note 20), pp. 16 and 17.
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motors, and ulumately radio changed many facets of shipboard operations—especially communication
Summarizing the overall effect of modernization, Secretary of the Navy William Whitney wrote in his
annual report of 1883,

A naval vessel at the present moment is a product of science. Taking
the world over, it will be found that each part of her—her armor, her
armament, her power, and the distribution of her parts or
characteristics—each of these features of the completed vessel is
absorbing from year to year the exclusive study of a class of scientific
men. And as men of science throughout the worid are continually
stimulated to new discoveries and inventions, no vessel that can be
built can be considered a finality in any particular.

The problem of keeping pace with the march of improvement in these
lines of industry is one of incalculable difficulty; and yet unless the
Government is prepared to avail itself promptly of all the improve-
ments that are made in the construction and equipment of its ships its
expenditures are largely useless.??

NAVAL RESEARCH AND DEVELOPMENT PRIOR TO WORLD WAR 1

The technical changes adopted by the Navy in the late 19th and early 20th centuries came largely
from outside the service. Many, especially in the early stages ¢f modernization, were copied from more
advanced European nations. Others came from private American companies or independent inventors
For example, the Navy put pressure on the Bethlehem and Carnegie Steel Companies to develop new
high-grade materials for shipbuilding.?® Improvements in engineering equipment were also due largely
to contractors, although Benjamin Isherwood and some of his followers in the Bureau of Steam
Engineering made significant contributions in this field.?* The inventor Elmer Sperry developed gyro-
scope stabilizers and gyrocompasses for the Navy.?* Thomas Edison sold it storage batteries and other
inventions.?® The Bell Telephone Company produced telephones for ships. Marconi and other radio
pioneers provided the first radio equipment.?” Inventors in the Navy also made significant contributions.
Bradley A. Fiske, for instance, developed a range finder, a telescopic gun sight, and a flying torpedo.?

Yet, like industry, the Navy realized that new technology was becoming too important to be left
solely to the initiative of others. Slowly, it began to create its own organizations. Along with the gen-
eral trend of modernization, the naval build up for the Spanish-American War helped foster them.
None of the early cstablishments was set up explicitly as a research laboratory of the type that Edison,
Inc., the General Electric Company, or other leading American firms had formed. The Naval Research
Laboratory was the first institution of that sort built within the Navy. Rather they were specialized,
limited facilities devoted primarily to development. Also, none of them was esiablished to serve the
Navy as a whole; each was under the cognizance of one of the several material bureaus. But we shall
see that taken together, they provided a surprisingly broad internal capability for improving the Navy’s
technical base.

2 A5 quoted in ibid., p. 59.
2 john D. Long, ap. cit. (note 20), vol. 1, pp. 47fT.
® Edward William Sloan, 11, Bewanun Frankln Isherwood, Naval Engineer: The Years as Engineer in Chief, 1861-1869 (Annapofis,”
United States Naval Institute, 1965).
3 Thomas P. Hughes, Elmer Sperry: Inventor and Engincer (Baltimore. Johns Hopkins University Press, 1971), especially ch VIII,
"Brainmill for the Military."
Josephson, op. cit. (note 8).
Howeth, op. cit. (note 20), Part 1.
% Bradley A. Fiske, From Midshipman to Rear Admiral (New York: Century, 1919).
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The bureau system of organization, under which these facilities were subsumed, had been insti-
tuted in the Navy in 1842, Changes were made in 1862, but from then until after World War 1, the

administrative structure was relatively constant. The bureaus were: Steam Engineering (the name was
changed to Engineering in 1920), Ordnance, Construction and Repair, Navigation, Yards and Docks,
Medicine and Surgery, and Supplies and Accounts. The first three were the material bureaus and con-
trolied the acquisition, use, and maintenance of naval equipment. Although the Bureau of Navigation
and the Bureau of Medicine and Surgery did some scientific research, the material bureaus were princi-
pally responsible for the development of new technology.

Facilities of the Bureau of Ordnance

Prior to World War 1, the Bureau of Ordnance had the largest number of facilities conducting
expernimental work. The bureau was responsibie for developing and manufacturing most of the Navy’s
guns, powder, and torpedoes, and this required much experimentation. In all cases, the work was
closely tied to manufacture.

The oldest establishment in the Bureau that conducted research was the Washington Navy Yard %
Set up i 1799 primarily for shipbuilding, the Yard went through numerous changes of function over
the years. Experimental work in ordnance began in 1847, after the arrival of John A. Dahlgren Under
his guidance a new series of guns was designed that dramatically increased the firepower of naval ships
A period of stagnation followed the Civil War, but then, once the Navy became committed to moderni-
zation, research at the Yard flourished again. After 1886, the establishment was devoted almost solely
to manufacturing naval guns and, indeed, came to be called the Gun Factory. By the end of the
Spanish-American War in December 1898, it had become the most modern ordnance plant in the
world. Experimental development was regarded as an important part of its cperation.

The Naval Torpedo Station at Newport, Rhode Island, was established in 1869.3° John Dahlgren.
by then a Rear Admiral and head of the Bureau of Ordnance, was crucial in getting it started. At the
station the Navy experimented with the four major types of torpedoes of the day (spar, automobile.
towed, and controllable) in order to find the best type for the service. Until the early 20th century
work focused on experiment, development, and testing of devices supplied by private companies
Manufacture was limited to components or auxiliary apparatus. Then, in 1907, a Government torpedc
plant was set up at the station te produce automobile torpedoes.

Newport had both chemical and electrical laboratories, and, in addition to studying torpedoes, the
staff experimented with a variety of electrical equipment and explosives—most notably smokeless gun
powder. In 1888, chemists there started with results of previous European attempts to develop smoke
less powder and began work on a safe and practical product for the U.S. Navy.?! Although it took 1
years, success was achieved.

2 Taylor Peck, op. at. (note 20), 1s the principal source of information used here. Also employed was' US Bureau of Ordnancc
"U.S. Naval Gun Factory" (unpublished history in the series "U.S. Naval Administrative Histories of World War 11," deposited i
the Navy Department library, 1946).

Richard D. Glasow, "Naval Response to an Innovation in Weaponry. The Establishment of the Newport Torpedo Station an
the United States Navy’s First Ten Years with Movable Torpedoes’ (unpublished paper delivered at the Society for the Histor
of Technology 20th annual meeting in Washington, D.C., Oct. 1977), W.J. Coggeshall and J.E. McCarthy, "The Naval Torped
Stauon, Newport, Rhode Island” (manuscript article originally printed by the Torpedo Swation Press, 1920; reprinted in 1944 t
Remington Wood Co., Newport, Rhode Istand), U.S. Bu cau of Ordnance, "Naval Torpedo Station, Newport, Rhode Istand™ (w
published tustory 1n the series "U.S. Naval Administrative Histories of World War 11,” deposited in the Navy Department librar;
1946).

3 Robert Henderson, "The Evolution of Smokeless Powder,” U.S. Naval Institute Proceedings 30 (1904) 352-372
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At Annapolis, the Bureau set up an experimental battery and proving ground for guns and powder
in 187232 In 1898, this was moved to Indian Head, Maryland. In both locations were tested powder,
projectiles, cartridge cases, and armor plate. Some development work was also done. In addition, a
factory was established at Indian Head in 1898 to manufacture the smokeless powder that had been
developed by the chemists at Newport. Eventually the Newport staff was transferred to the new site s¢
that experiment and production would be together.

Facilities of the Bureau of Construction and Repair

The Bureau of Construction and Repair had always worked closely with private contractors on
developing ship designs. Not until the late 19th century, however, did it have an experimental facility
for this work.® In 1899, David W. Taylor, then assistant to the Chief Naval Coistructor, established a
model basin at the Washington Navy Yard. Based vn principles enunciated by the English engineer
William Froude in the 1850s, this facility provided for the use of scale models in research and develop-
ment Taylor directed the work personally until 1910, when he beczme chief constructor of the Navy.
The basin proved of enormous value and helped change the building of ships from an art to a science.

In 1913, the Bureau, under Taylor’s direction, set up a wind tunnel for aeronautical research at
the Washington Navy Yard.** Only the third built in the United States, it had a large 8 foot by 8 foot
(2.4 by 2.4 meter) test section. Similar in conception to the mode! basin, the tunnel allowed the use of
scale models of airplanes for studies of aircraft design. With its associated facilities, it was the center of
the Navy’s aerodynamical experimentation until the National Advisory Committee for Aeronautics was
established during World War I,

Facilities of the Bureau of Steam Engineering

The main experimental facility for the Bureau of Steam Engineering was the Engineering Experi-
ment Station in Annapolis.®® This institution was something of an oddity in the Navy Department at
the time. It was neither part of a manufacturing operation, as were the Bureau of Ordnance facilities,
nor based on special experimental apparatus, as were the wind tunnel and the model basin. Rather it
was a multipurpose institution. It was the establishment within the Navy most like a general research
laboratory until NRL came into being.

The station was set up only after repeated requests by Engineer-in-Chief George Melville. In
1903, during his last year in that position, Melville finally persuaded Congress to authorize $400,000 for
a laboratory building and equipment. When it came into operation in 1908, the principal duty of the
institution was testing, not research. As one description says, " [Before] World War 1...the Experiment
Station functioned primarily as 2 ‘g0’ or ‘no go’ gauge for thc Burcau of Lngineering to determine
whether or not American-built machinery was or could be made suitable for our Navy."*® Quality tests
were made on numerous types of mechanical and electrical equipment that the Bureau had to authorize
for naval service. Limited experiment and development also went on.

205 Naval Propellant Plant, Indian Head, Md., Naval Proving Ground, Naval Powder Factory, and Naval Propellant Plant. People
and Events from the Past (Indian Head, Md.. U.S. Navy, 1961), "U.S. Naval Powder Factory,” in U.S. Bureau of Ordnance, "Mis-
cellaneous Activitics,” two vols {unpublished history in the series "U.S. Naval Admunistrative Histories of World War 11,” depos-
ited in the Navy Department library, 1945), vol. 11, pp. 1-73.

3US Navy, David Taylor Model Basin. Information Booklet, Tth ed. (Washington. GPO, 1957), U.S. Bureau of Ordnance, *U.S.
Naval Gun Factory,” op. cit. (note 29), pp. 332-342,

34 ) Norman Fresh, "The Aerodynamics Laboratory (The First 50 Years)" (Washington. Department of the Navy, Aero Report
1070, Jan. 1964).

3% Allen Phillip Calvert, "The US Naval Engineering Experiment Station, Annapolis,” United States Naval Instiute Proceedings 66
(1940) 49-51, Wilson D Leggett, "The US. Naval Engineering Experiment Station,” United States Naval Insttute Proceedings 11
(1951): 517-529.

36 Leggett, op. cit. (note 35), p. 526.
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Providing radio for the fleet was another duty of the Bureau of Steam Engineering. Radio equip-
ment generally came from private companies, but the Bureau had several smal! laboratories to do its
own experimenting and testing.’’ One of these, the U.S. Naval Radio Telegraphic Laboratory, was
under the direction of Dr. L. W. Austin and located at the U.S. Bureau of Standards. Established in
1908 as the Navy's first radio laboratory, it came under the Bureau of Engineering in 1910. In 1915, it
was supplemented by the Radio Test Shop, which the Bureau established at the Washington Navy Yard
to help begin developing radio receivers and wavemeters. Some experimentation with radio was also
done at several Navy yards.

Like other navies of the world, that of the United States was interested in developing oil as a fuel
for naval vessels. To work on making it a suitable replacement for coal, the Bureau of Engineering
established a fuel-oil test plant at the Philadelphia Navy Yard in 1909.%

LIMITS OF THE SYSTEM

As is clear from the preceding discussion, the Navy realized that modernization of the fleet
required increased use of applied science and technolegy. The understanding was also apparent in the
beginning of postgraduate study for seiected Naval Academy graduates in 1897, first at the Academy
and later at the Massachusetts Institute of Technology.™ It is found in the formation of special boards
to study the adequacy of naval technology, such as the Naval Liquid Fuel Board of 1902 and the Special
Board on Naval Ordnance established in 1904. Naval budgeting . .ocedures were even altered to allow
funds to be directed specifically toward research and experiment.’® Thus, in general, it was widel
understood and accepted that the quality of the Navy depended fundamentally on new technology, and
a variety of changes were made to help the service develop and use it properly.

In the early 20th century, however, many criticisms were still being raised about the Navy's open-
ness to new ideas and its methods of technological advancement. Civilian inventors, for example, com-
plained continually about the reception their ideas received. Speaking for them in 1911, Scientific
American stated,

It ’s a notorious fact that the inventor who appsoaches certain of the
government departments in the hope that his inverition will be investi-
gated without prejudice and, if found meritorious, bought up at a price
which will guarantee the inventor in selling his invention with the right
to exclusive use, will find he has a hard road to travel. More often
than not he wiil experience unnecessary delays, to say nothing of con-
siderable financial loss and ultimate disappointment.”

Inside the Navy, Bradley Fiske and others made similar statements.

The Navy’s in-house research facilities also received negative critigues. They were small, limited,
and largely devoted to development and test. There was almost no advanced research being done by
well-trained professionals Critics argued that the service was too tied to the problems of the present
and was backward in its use of advances in science and engineering. It was not keeping up with leading
American industries. When World War | erupted in Europe, there were many who believed reforms
were essential in the way the Navy made its technical improvements.

i Howeth, op cit (note 20), L A Gebhard, The Lvolunon of Naval Radiv-Llectiromcs and Contributions of the Naval Rescarch
Laboratory, (Washington: NRL Report 8300, 1979), pp. 1-25.

3 pittsburgh University Historical Staff, op. cit. (note 20), pp. 72-77.

% 1bid,, pp. 70-71.

© rbid,, p. 78.

3 Scientific American, Nov. 18, 1911, p. 444.
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A MERGING OF TRADITIONS

The men who brought the Naval Research Laboratory into being thought in terms of the experi-
ences and ideologies inherent in the dual traditions of industrial research and the Navy’s existing
research-and-development program. These traditions provided the conceptual framework for the estab-
lishment of the institution. The Naval Research Laboratory was planned as an industrial research
laboratory within the naval establishment.

Far more was involved in the creation of the Laboratory, however, than the rational merging of
the two traditions. Politics, personalities, the pressures of war, the intricacies of Congressional funding,
and the differences between naval officers and civilian engineers all had an important influence in how
the Laboratory progressed from plan to fact. This story is the subject of the next chapter.




3. CREATION OF THE NAVAL RESEARCH LABORATORY
AN INTERVIEW WITH EDISON

In May 1915, the war that had raged in Europe for almost a year was troubling man; Americans.
On May 7, the British liner Lusitania, with 128 U.S. citizens among the 1200 noncombatant passengers
aboard, was sunk by a German submarine. Most passengers lost their lives. President Wilson issued
stern warnings to Germany to halt its campaign against unarmed ships but received no satisfactory
response. The possibility of American eniry into the war was rapidly increasing.!

Late in the month, Thomas Edison expressed his views on how America should respond to the
dangerous situation in an interview with Edwin Marshall, a New Yorh Times reporter. His thoughts
were published in the Sunday magazine on May 30. One of his recommendations was as follows.

I believe that...the Government should maintain a great research
laboratory jointly under military and naval and civilian control. In this
could be developed the continually increasing possibilities of great guns,
the minutiae of new explosives, all the technique of military and naval
progression without any vast expense.

Thus did he express the idea that eventually would be embodied in the Naval Research Laboratory.
At the time, however, such a laboratory was a subsidiary thought. Edison's main point in the

interview was that war was not yet imminent and that America shoul¢ not mobilize a large standing
Army. Better preparation, he insisted, would be the mobilization of material:

We should not take our men from industry and overtrain them, but
should have 2,000,000 rifles ready, in perfect order, even greased, with
armories equipped with the very best machinery to begin upon short
notice in case the work should require the manufacture of a hundred
thousand new firearms every day.?

L The men to use the machines, he believed, like the minutemen of the American Revolution, could be
assembled and trained quickiy.

: Mobilization of science and invention, especially in the research laboratory, was the key to
) ‘ ¢.veloping good weapons. "When the time came, if it ever did, we could take advantage of the
knowledge gained through [the] research work and quickly manufacture in large quantities the very

latest and most effective instruments of warfare."*

Edison’s position also had political implications that would make it palatable. Marshall alluded to
them at the beginning of his article:

'Lloyd Scott, Naval Constlting Board of the United States (Washington: GPO, 1920), pp. 7-9.
2The New York Times, May 30, 1915, V, pp. 6 and 7.
4Ibid.

Ibid.

17




D K ALLISON

[Edison] believes that we should be invincible. In the following inter-
view, he, for the first time, tells the world how he thinks we may
accomplish this without so burdening ourselves with taxation as to
reduce our living standards and morale to the European level.*

Technology was both cheaper and more expendable than men, and mobilizing it was less controverstal
than calling citizens to arms.

Fig. 1 — Thomas Edison believed the Government needed a research
laboratory similar to his own.

Edison was 68 years old in 1915. His greatest inventions—the phonograph, the electric light, and
motion pictures—were being mass produced and wcre affecting the life of almost every American in
some way The inventor had become a well-kiiown public figure. Newspapermen would interview him
on almost any interesting issue, for Edison rarely failed to give them good copy. One biographer
characterizes this part of his life a»> one of "canonization" and describes his appeal to the public in this
way:

He was a man of science, yet had the "common touch".... His legen-
dary success story, like his expressive physiognomy—reproduced mil-
lions of times on his cylindrical records—was familiar to all men. In
short, he was almost universally regarded as one of the real makers ox
America, one whose career millions would have liked to emulate, and

5 bid.
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so, well suited to serve as a folk hero. His very appearance, and his
widely reported sayings, racy, humorous, and original in flavor, but
strengthened the will of the multitude to idolize him.®

Ldison’s views on the relation of science and invention to the war were sure 1o carry weight with the
public.

ESTABLISHMENT OF THE NAVAL CONSULTING BOARD

Secretary of the Navy Josephus Danicls read the interview and liked Edison’s point of view. Hav-
ing spent miost of his career as editor of the Raleigh, N.C., News and Observer, Daniels always followed
newspaper reporting carefully and understood well the power of publicity. In this article he perceived
the possibility both of enlisting Edison's expertise as an inventor for the Navy and of gaining his direct
support fur the cautious political stance on preparedness then advocated by the Wilsun Administration.”

Daniels had been named Secretary of the Navy in 1913 as a reward for carly endorsement and
strong support of Woodrow Wilson during the 1912 Presidential campaign.® The Secretary had never
before held a4 major national office and was inexperienced in naval affairs. Nonetheless, he was deter-
mined to act independently and decisively. A populist and basically a pacifist, he made many reforms
that embittered top naval officers. He stressed the importance of enlisted men and established schouls
aboard ship to educate them. He abolished the officers” wine mess in accord with his prohibitiunist ten-
dencies. !ie emphasized the need for civilian control of the Navy and refused to ureate a general stafl
of naval officers to centralize their power. Most importantly, he refused to acede to demands to build
up the Navy quikly.® When Edison's interview appeared, Daniels® leadership was under sharp attack.
Edison’s assistance, he realized, might help him blunt it.

On May 31, the day after the article appeared, Daniels drafted a note to Edison, but then he put it
as*ue for furiher consideration.'” On June 7, he sent a revised, more vaguely worded letter asking the
inventor for assistance. lle said:

I [want] to take up with you [a] matter to which | have given a great
deal of thought—a matter in which I think your ideas and mine coin-
cide, if an interview with you recently published in the New York
Times was correct. There is a very great service that you can render
the Navy and the country at large and which I am encouraged 1o
believe from a paragraph in Mr. Marshall’s interview, you will consent
to undertake as it seems t0 be in line with your own thoughts.

¢ Matthew Josephson, Edison: A Biography (New York: McGraw-Hill, 1959), p. 434,

My interpre ation of Daniels’ political motivations is shared by otbers See Joseph L. Murnisun, Jusephus Danwlds, e Smuil-d
Democrar (Chapel Hill. Uiversity of North Carolina Press, 1966), pp. 71-72. See also "Mr. Robins on the Relation of the Naval
Consulting Board to “'arious Bureaus and Burcau Chiefs, 4/7/19" in the file "Thomas Robins,” box 37(?J, Naval Consuling
Board Records, record group 80, National Archives Building. (Unfurtunately, the records of the Naval Cunsulting Board have
been rebuxed by the National Archives since 1 did my research  Therefore, my references in this chapter to these revords du nut
correspond exactly to the present storage arrangement.)

Morrison, op. ut. (note 7, pp. 45-49, Arthur S. Link, Woodrow M isun and the Progressive Era (New York. Harper and Row,
1954), p. 28.

9 Morrison, op. ut. (note 7), passim., Donald W. Mutchell, History of the Mudern American Navy, from 1883 through Pearl Harbor
(New York. Knopf, 1947), pp. 158-167. Sze also Bradley Fiske's batter uriticisms of Dantels in 7 rom Midshipman tv Rear Admiral
&’New York: Century, 1919), pp. 555-560.

Diaft of the letter by Josephus Daniels to Thomas Edison, May 31, 1915, box 76, Josephus Daritels papers, Library of
Congress Manuscript Division.
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o

Fig. 2 — Sccretary of the Navy Josephus Danicls (above) called Thomas Edison to serve
the Navy as a technical advisor.

One of the imperative needs of the Navy, in my judgment, is
machinery and facilities for utilizing the natural inventive genius of
Americans to meet the new conditions of warfare as shown abroad, and
it is my intention, if a practical way can be worked out...to establish, at
the earliest possible moment, a department of invention and develop-
ment, to which all ideas and suggestions, either from the service or
from civilian inventors, can be referred for determination as to whether
they contain practical suggestions for us to take up and perfect.!!

The Secretary also addressed the need of the Navy for a research laboratory:

The Department is...unprovided with the best facilities for work of pure
experimentation and investigation, with the exception of our testing
station at Annapolis, which is, as yet, a small affair. Most of all, as 1
have said, there is no particular place or particular body of men,
relieved of other work, charged solely with the duty of either devising
new things themselves or perfecting the crude ideas that are submitted
to the Department, by our naturally inventive people.!?

Leaving aside the question of whether the Navy should build a new research facility, the Secretary
asked Edison to assist the service in getting better use from its existing establishments and also, if he
consented, to do experimental work for the Navy in his own laboratory at West Orange.

'l The original 1s in box 1 of the papers on the Naval Consulting Board in the Thomas Edisun papers, Ldison National Historical
Site, West Urange, New Jersey. On it 1s written, in Ldison’s hand, "Hutch [Miller Reese Hutchinson] —Note and return with
lc2c>mmenls, £ A copy of the letter also appears in Scott, op. cit. (note 1), pp. 286-288.

Ibid.
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Detailed plans for the "department of invention and development” or the "board," as Daniels also
called 1t in the letter, were left to be worked out later, after Edison had responded. Daniels was point-
edly clear, however, on the importance of Edison’s participation:

Such a department will, of course, have to be eventually supported by
Congress, with sufficient appropriations made for its proper
development....To get this support, Congress must be made to feel that
the idea is supported by the people, and I feel that our chances of get-
ting the public interested and back of this project will be enormously
increased if we can have, at the start, some man whose inventive
genius is recognized by the whole world to assist us in consultation
from time to time on matters of sufficient importance to bring to his
attention. You are recognized by all of us as the one man above all
others who can turn dreams into realities and who has at his command,
in addition to his own wonderful mind, the finest facilities in the world
for such work.!?

Ldison agreed to help. Soon after receiving Secretary Daniels’ letter, he sent his chief assistant,
Miller Reese Hutchinson, to Washington to say that Edison would assist in organizing a board to advise
the Navy on technology and inveation.'* Daniels happily announced the decision to reporters and
shared with them the letter he had sent Edison.

The event was front-page news. The New York Times, proud of the part it had played in the story,
gave especially detailed coverage. "Edison Will Head Navy Test Board," ran the headline, "...Best
Engineering Genius of the Nation to Act with Naval Officers in Strengthening Sea Power"'*® Journalists
speculated on whether the new body would be organized as a burcau (and thus be at the highest level
in the Navy Department) or not, who would be included in it, and what its functions would be.

Publicity was particularly extensive because the Naval Consulting Bourd, as the new body eventu-
ally was called, was the first attempt during the wartime period (1914-1918) to mabilize science and
invention along a broad front at the national level. Later, other organizations woul. be created for the
same general purpose, most notably the National Research Council and the War Committee of Tech-
nical Societies, but in 1915, the Naval Consulting Board was unique.'®

While the process of forming the Board and choosing its members ran its course, it continued to
bc both a hot ncws item and a subject for editorial comment. Daniels was achieving just the publicity

" Ibid, Daniels elaborated further un his dea of the Board and its purpose in an interview with Edwin Marshall of The New York

Times. See the issue of Aug. 8, 1915, IV, p. 14,

¥ In later years, Hutchinson said he had been behind the whole affair. He wrote Daniels, "1 conceived [the Naval Consulting
Board] shortly before the photographically recorded visit with which Mrs. Daniels and you honored me 1 drummed it into Mr
Cdisnn's hrad untl he took cogmzance of the need and allowed me to use him as its sponsor  Then 1 got Ed Marshall to inter-
view Mi  %dison on the subject and, when the artcle appeared in the Times, I paid Marshall’s expenses to Washington, to see
you about 1t. You wrote Mr. Edison you would form such a Board. He wrote, on the margin of the letter, ‘Hutch What do
you think?" and sent the letter to my office upstairs in the Laboratory. 1 hopped the Congressional for Washington, cal'=d on
you at your home, and said Mr. Edison would be glad to head such a Board" Letter from Hutchinson to Daniels, Sept 12,
1935, 1n 1he file "Hutchinson, Miller R, 1932-35, -36 and undat~d” in box 84, Josephus Daniels papers, Library of Congress
Manuseript Division. Other than Hutchinson's own word, 1 have found no evidence that this story is true

' The New York Times, July 13, 1915, p. L.

Scott’s book (note 1) was the officral history of the Naval Consulting Board and is still the most complete published source on
its activiies.  Unfortunately, it was writien before the Naval Research Laboratory came into existence For more recent, if more
limited, apprasals of the Consulting Board and its activities, see Thomas P. Hughes, Llmer Sperry. Inventor and Engineer (Bat-
umore: Johns Hopkins University Press, 1971), ch. IX, and Daniel J. Kevles, The Physists (New York  Knopf, 1977), chs VIl
and IX. There 15 no general history of science and engineering in World War 1. Kevles® book is the best general work situating
the Naval Consulting Eoard’s activities among the work of other wartime organizations.
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he desired for his limited plan for preparedness.)” Civilian inventors, for example, were delighted to
hear that the Navy was going to pay greater attention to their ideas for technical improvements. Their
long-standing critivisms seemed finally to be having an effect.'® Indeed, most remarks on Daniels’
action expressed hopeful approval. There was little analysis of his motivation. One sober commentator
in Culliers on October 2, 1915, however, offered only yualified praise of the new plan. He pointed out
that there was as much politics as desire for technical improvement in what Daniels had done:

-+ - we have long suspected that Mr, Daniels, a newspaper editor by
profession, possesses not only certain traits of the sensational journalist,
but of the sensational journalist’s half brother, the press agent. There-
1 fore, while we have a reasonable belief in his civilian board, we wish to
8 put ourselves on record as expecting no miraculous devices to develop,
as hoping that the new board will take an early opportunity to declare
frankly and firmly in favor of extensive, normal naval preparation, and
that the somewhat sensational quality of the Secretary’s new device will
1 ‘ not for a moment divert the public mind from the less picturesque
need for a very considerable enlargement of the United States Navy.
Such an enlargement is not to be brought about by hand waving and
incantations, but by the customary process of appropriating funds,
designing ships and causing them to be built by the sweat of men’s
brows in ship yards—a lamentably slow and laborious process.!’

ORGANIZATION AND ACTIVITIES

On July 15, Secretary Daniels visited Edison at his home in Lewellyn Park, New Jersey, to discuss
plans for the Naval Consulting Board.?® The ideas of other interested parties were also solicited, and by
the end of the month, the Secretary had decided to make the body represent major national engineering
societies.”! The hope was that this plan would encourage continual interaction between the Board and
the soieties. Edison was responsible for choosing which ones would be represented, and h- asked 11
sotieties to name two members each to the new body. Later there was extensive debate on whether he
had made the best selection.”? Two significant omissions were the American Physical Society and the
National Academy of Sciences—the organization created in 1863 as the official scientific advisor to the
Government. Their exclusion perhaps made clear that Edison was interested in invention and
engineering, not theoretical science, but it definitely impaired the effectiveness of the Board.

T

w

Eleven societies sach named 2 members apiece. Edison was named as chairman, and his assis-
tant, Miller Reese Hutchinson, was designated as a special delegate, so the Board had 24 members
Table 1 shows who the members were, shows what organizations they represented, and lists the
officers.”’ The First Vice-Chairman, William Saunders, and the Secretary, Thomas Robins, vere the
most active leaders. Edison concerned himself only with matters that happened to interest him, he
devoted almost no effort to making the organization effective as a whole.

"The link uf the Naval Consulting Buard tu the Wilson Administration’s stand on preparedness was made clear at the first meet-
ing of the Board. President Wilsun then addressed the organization on national defense and said that the nstion should be
prepared "not for war but for defense, and very adequately prepared.” 1t was the President’s first public dedaration iz favor of
?gcquale national defense. See The New York Times, Oct. 7, 1915, p. 1.

Suentfic Amercan, Sept. 25, 1915, p. 266. Bradley Fiske was happy about the organization and hoped, vainly, that he would be
put in charge of it. Fiske,op. cit. (note 9), pp. 580-591.
e * ;:C olliers, Oct. 2, 1915. See also note 7.
. The New York Times, July 16, 1915, p. 1.
“The suggestion to make the Board representative of engineering societies seems to have come from I'rank Sprague. See the
letter from Sprague to Danuels, July 19, 1915, in the file "Secretary Daniels," box 29(?) (se2 note 7), Naval Consulting Board
Records, record group 80, National Archives Building.

See the letter from Miller Peese Hutchinson to Josephus Dantels, Nov. 6, 1915, box 84, Josephus Daniels papers, Library of
gongress Manuscript Division.
"This information comes from Scott, op. ui. (note 1), pp. 11-15. For further biographical information ou members, see Suentific
American, Oct, 2, 1915, pp, 301ff, and Oct. 9, 1915, pp. 326fT.
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Table i — Original Officers and Members of the Naval Consulting Board

OFFICERS:

Chairman:

First Vice-Chairman:
Second Vice-Chairman:
Secretary:

Thomas A Fdison
William L. Saunders
Peter Cooper Hewitt
Thomas Robins

{In January, 1917, the utles of the officers were altered to be respectinely  President. Chairman, Vice-

President, and Secretary.)

MEMBERS AND THE ORGANIZATIONS THEY REPRESLNTED:

Secretary ol the Navy:

American Aeronautical Society:

American Chemical Society:

Amernican Electrochemical Society:

Ameri in Insitute of Electrical Lngineers.
American Institute of Mining Lngineers.
American Mathematical Society:

American Society of Aeronautical Engineers.

American Society of Automotive Engincers.
American Society of Civil Engineers:
American Socicety of Mechanical Engineers:
Inventor’s Guild:

Thomas Edison and Miller Reese Hutchinson
Matthew B. Sellers and Hudson Maxim

Leo H. Baekeland and Willis R. Whitney
Lawrence Addicks and Joseph W. Richards
Frank J. Sprague and Benjamin (. Lamme
William L. Saunders and Benjamin B. Thayer
Robert S. Woodward and Arthur G Webster
Elmer A. Sperry and Henry A. Wise Wood
Howard I.. Coffin and Andrew L. Riker
Andrew M. Hunt and Alfred Craven

William L. Emmet and Spencer Miller
Thomas Robins and Peter Cooper He vitt

{The officers and menibership of the Buard altered only slightly during the time the organization was
active. October 1915-November 1918, The most important change was the appointment of Capt Wil-
liam S. Smith as Navy liaison officer to the Board on December 7, 19135))

Fig 3 — The Naval Consulting Board (shown above with other Navy Department officials) strongly
supported the idea of a research laboratory but could not agree on all details of the plans for it

23




. ®. ALLISON

Although some of America’s best known inventors—such as Orville Wright and Simon Lake—
were not on the Board, its members were well-respected and accomplished engineers. They were
lalented individuals determined to help improve the technology of the Navy. They saw membership on
the Buard as a great hunor and served without compensation throughout the war. But for the Board to
suceeed, 1t had to gain support of the Navy's material bureaus. they would have to agree to its sugges-
tns befure the ideas would be developed and used. Trom the beginning, relations between the Boarda
and the bureaus were strained. The new organizativn always had a dubious status, both officially and
unofficially. The political motivations for which Daniels had created it were a major handicap.

The final choice of a name is one example. In preliminary discussion, the Board was usually
alled "The Naval Advisory Board,” but top naval officers, piqued by Secretary Daniels’ independent
action in forming the body, argued that its purpose was to act as 4 consultant—speaking only when
asked, rather than making suggestions on its own initiative. To placate the officers, the name became
“The Naval Consulting Board."®

Official liaison with the material bureaus was slow in coming. On December 7, 1915, several
months «fter the Board was organized, an "Office of Inventions’ was established under the Secretary of
the Navy, and Captain William S. Smith was put in charge. Smith became the "Technical Aide to the
Secretary of the Navy" and also served as liaison officer to the Naval Consulting Board. He was to
refer 1ts suggestions to the appropriate men in the bureaus. Smith kept in close contact with the organi-
zdation and attended most of its meetings, but he never found the suggestions to be of much use Not
surprisingly, he did not get along very well with many members, including Edison.?*

Congress eventually recognized the Board but only tacitly and in a backh.nded way" in August
1916, expenditures of $25,000 were authorized for its operations, but the legislation said nothing about
its place within the Navy hierarchy or its purpose. And despite repeated requests from some of the
officers, Secretary Daniels refused to press for more definite action.2

The general history of the Naval Consulting Board, which has been written elsewhere,’ falls out-
side the present subject. In sum, although the body remained in operation until after the armistice end-
ing World War 1, and despite the dedication of its members, most of its activities had little effect on the
Navy. There were some important achievements. The Board did make a significant contribution in
orgamzing an industrial preparedness campaign.?® It also assisted in organizing and conducting an effort
within the Bureau of Engineering to combat the submarine, the most pressing technical problem of the
war.”? Individually, many members worked closely with naval officers on technical problems>® The

5ee pp. 19, 48 and 49 1n the document "Opinions of Members as to Future of Naval Consulting Board,” box 31(°) {see note

1), recotds of the Naval Consulting Board, record group 80, National Archives Building.
“"See the letter from Thomas Robins to Willlam Launders, Feb. 11, 1919, in the file "W L. Saunders,” box 38(°) (see note ™,
recurds uf the Naval Consuiting Board, record group 80, National Archives Building, and also the letter from William Saunders
to Josephus Dansels, Aug. 7, 1917, in the file “Civilian Naval Consulting Board,” box 504, Josephus Daniels papers, Library of
Congress Manuscript Division.
2t See the section on "Organization” in the "Digest of Minutes” of the Board, passim., but especially p 12 The "Digest of
Minutes' 1s 1n box 30(?) (see note 7), Records of the Naval Consulting Board, record group 80, National Archives Building
Une reasun Damels did not want to give the Buard 4 stronger legal position was because some of its members, most notably [di-
sun and Limer Sperry, had business dealings with the Government and might be acwused of conflict of interest See Josephus
Daniels, The Cabmet Diaries of Josephus Damels, 1913-1921, E. David Cronon, ed. (Lincoln, Neb. University of Nebraska Press,
1963), p. 138.
T"See notes 1 and 16, Archival records of the Naval Consulting Board are in record group 80 in the National Archives The
"Digest of Minutes" in box 30(?) (see note 7) gives the most general information on the Board and its activitics

See soott, op. at. (note 1), ch. 11, and Robert D. Cufl, The War Industries Board. Busmess-Government Relations During World
’l‘;’ar I (Baitimore: Johns Hopkins University Press, 1973).
“See Scott, op. ut. tnote 1), ch. IV, Histwory of the Bureau of Lngineerng, Navy Department, During the World War (Office of Naval
Records and Library, Histortcal Section, Publivation 5, GPO, 1922), pp. 47-73, and Harvey C. Hayes, "Detection of Submarines,"
Proceedmngs of the American Philosophical Society 59 (1920): 1-47.

%See Scott, op. cir. {note 1), ch. XI, and Hughes, op. cit. (note 1), ch. IX
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review of ideas from the publi., however, the function stressed by Secretary Daniels, failed to yield
much. Of 110,000 inventions considered, only 110 were judged to be of any value at all Only one was
put into production.”’ In general, the Board simply was not an effective type of organization for focus-
ing the power of civilian inventors and engineers on Navy problems, and it never worked well with the
Navy bureau system.

The material bureaus believed that they were well equipped to solve their own problems and
needed no help from the well-publicized group of civilian experts. Any contributions made by the
Board, they feared, would be seen as an indication of previous incompetency by them. As Thomas

Robins, secretary of the organization, said in 1918 when discussing why the Board was accomplishing so
little:

Our present trouble is not due to the Navy nor to the Board. It is due
to a plan which does not take into consideration some of the most fun-
damental qualities of human nature. It cannot work. The Naval Con-
sulting Board, if it be continued, must not work for the Navy; it must
work as the Navy.32

The problem was the difficulty of applying civilian expertise to solving Navy technical problems in the
proper way, in a way that was effective administratively. As we shall see, the same problem was
apparent in the Board’s most ambitious single effort: creating a research laboratory.

THE LABORATORY PROJECT: SUCCESS

Secretary Daniels said nothing definite about a new Navy research laboratory in his initial letter to
Edison. But, in accepting the invitation to help form the Naval Consulting Board, the inventor did not
give up his desire for building such an institution for the Government—or now, more particularly, for
the Navy. le firmly believed the ideas he had expressed in The New York Times. At a meeting on July
15, 1915, he spoke to the Secretary about the facility and convinced him it was a good plan, Afterward,
Daniels told reporters that he hoped to have a "great naval laboratory in Washington"** In September,
the Secretary said further, "The Navy has...been seriously handicapped by the lack of an adequate cen-
tral establishment where the ideas of its own officers as well as those suggested by civilians could be
taken up and patiently developed in the same way that such ideas are handled in great manufacturing
establishments."3

Edison came to the first meeting of the Naval Consuiting Board, which was held on October 7,
1915, with 4 plan fur the labuigtory in hand. A comittee of five members was quickly composed to
consider his ideas. On it were Edison, Willis Whitney, head of the General Electric Research Labora-
tory, Howard Coffin, Vice-President and Consultant Engineer of Hudson Motor Company, Leo Baeke-
land, inventor of the first practical plastic—Baekelite, and Robert S. Woodward, a well-known academic
physicist and President of the Carnegie Institution of Washington. Together the men represented broad
experience in both academic and industrial research, all were strong advocates of research institutions

Edison’s plan had several notable provisions. The laboratory was to be large and well-equipped
fur research, development, testing, and limited production. The cost was estimated to be about § mil-
lion dollars, and the annual operating budget about 2.5 million dollars. The plan called for a naval
officer to direct the operation a significant provision, because Edison would later insist that a civilian be
in charge. The staff, which was to work closely with the Naval Consulting Board, would be primarily
civilian scientists and engineers. In general, the proposed institution was modeled quite closely on

3Scott, op. cit. (note 1), p. 125.

21 Opintons of Members as to Future of Naval Consulting Board,” vp. ut. (note 24), p. 50. The italics are not in the original
The New York Times, July 16, 1915, p. 2.
3% The New York Times, Sept. 20, 1915, p. 9.
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| Edison’s own laboratory at West Orange. The proposal even mentioned a "motion picture developing
g and printing department."*

There was some debate on the plan by the Committee. Baekeland, Whitney, and Woodward ini-
tially argued that research was the most important function of the laboratory and that its facilities
should be much more limited than Edison believed.* Their thoughts were based on their own experi-
ence in chemical and physical rescarch. Baekeland later described the situation in this way:

)

Dr. Whitney, Dr. Woodward, as well as myself, took into consideration
primarily the chemical and physical departments of the projected labora-
tory, and it was very interesting to see that although we had prepared
the recommendations independently, we very closely agreed as to cost
and operation and as to the amount of money which would be required
in maintaining that laboratory and operating it. 1 must say, however,
3 ‘ that when Mr. Edison got up, and Mr. Coffin, and the mechanical
engineers began to show what ought to be done in those laboratories,
we all three felt like small fry, like "pikers' to use a current expression.
We realized that the needs for such a laboratory are much vaster than
anything which we chemists or physicists could accomplish.?’

Edison got his way. His plan was accepted by the committee and then the entire Board without sub-
stantial revision.® Like Edison, other Board members thought the Navy needed a sophisticated new
research facility to make its technology equal to the best in the world. The issues of the size and func-
tion of the institution, however, were destined to arise again.

Immediately after the meeting, the plan was announced to the public, and again the Naval Con-
sulting Board was front page news. Reaction was generally favorable—even the Navy bureau chiefs,
despite their mixed feelings about the Board, expressed support of the proposal. But the cost was
quickly attacked. Scientific American, for example, said,

The plan as outlined...calls for the creation not of a laboratory but of a
: navy yard, with docks capable of accommodating a modern dreadnought
and with a modern railway large enough to build experimental subma-
| rines of 1,500 tons. Now i* seems to us...that in an experiment of this
’ kind...the work should be allowed to proceed by a natural process of
growth.®®

The Navy, 1 magazine devoted to presenting the Navy point of view, stated.

The service has pointed out that experimental work of a laboratory
character, as well as under service conditions, is already being carried
on extensively in many branches of the naval establishment. The ser-
vice seems to doubt tha' a large central laboratory, operated perhaps to
4 the exclusion of other experiments, would have advantages compensat-
e ing for the increased cost.*0

3 3 The New York Times, Oct. §, 1915, p. 1.

L H Baekeland, "The Naval Consulting Board of the United States,” Metallurgical and Chenucal Engineering, Dec 15, 1915.
: Us Congress, 64th, Ist session, House, Hearmngs Before the Commuttee on Naval Affairs (Washingten® GPO, 1916), p 3392,
See "Laboratory" section of the "Digest of Minutes," op. cit. {note 26).

Suenu/lc American, Oct. 23, 1915, p. 354.

® The Navy 9 (Nov. 1915): 239-240.
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As this editorial emphasized, the relation of the new laboratory to the rest of the naval engineering
establishment had not been made clear. So far, Cdison and his colleagues had acted almost as if the
Navy had no experimental facilities whatsoever.

In reaction to the public outcry over the cost of the laboratory, the Board had decided by its third
meeting, in December 1915, to ask—at least initially—for only 1.5 million dollars. Additional monies
could be acquired later, once the laboratory proved itself.

The first major step in implementing Edison's plan was gaining Congressional support. For this,
Edison himself was indispensable. Rear Admiral Robert Griffin, Chief of the Bureau of Engineering,
put the situation this way:

Congress will never appropriate the amount of money necessary for
such a laboratory for the Navy itself; that is, for any department of the
Navy, [or] the burcaus of the Navy; [but] I feel sure that if Mr. Edison
will appear before the Naval Committee with ail the plans and all the
data he has, or a little more complete, it will make a profound impres-
sion on the Naval Committee and I am sure it will result in their giving
us what we want.!

On March 15, 1916, five Board members—Edison, Baekeland, Coffin, Hunt, and Saunders—
accompanied by Secretary Daniels, went before the House Naval Affairs Committee to argue for the
new institution. Edison did make a strong impression. e spoke with complete confidence, even an air
of bravado, as he outlined the great things it would do. Again he put as much emphasis on develop-
memd;as research. If need be, he claimed, the laboratory could build a new submarine in as little as 15
days.

The Congressmen may have wondered at Edison’s exaggerated claims, but they, like Secretary
Daniels, clearly understood his popularity. With the war raging in Europe, they knew better than to
question his advice on the needs of the Navy for research and development. And, lest they forget,
William Saunders reminded them after Edison left,

You heard this morning the testimony of the most distinguished scien-
tist in the world, Mr. Edison. Nobody questions that today. Some
think he is the greatest man in the world; he is certainly the greatest
scientist in the world, and when we measure greatness, we must mea-
sure it by achievement.*?

The Board got what it wanted. The Committee accepted the plan for the laboratory and approved
expenditures of 1 million dollars. Later, after slight debate, the Senate went along. The Naval
Appropriations Act for fiscal year 1917 thus included the following section:

EXPERIMENTAL AND RESEARCH LABORATORY: For laboratory
and research work on the subject of gun erosion, torpedo motive
power, the gyroscope, submarine guns, protection against submarine,
torpedo, and mine attack, improvement and development in submarine

4lv] aboratory” section of the "Digest of Minutes,” op. cit. (Note 26).
42 The discussion is recorded in the printed hearings, op. cit. (note 37), pp. 3343-3403,
a3 . p

Ibid., p. 3378.
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engines, storage batteries and propulsion, aeroplanes and aircrafl,
improvement in radio installations and such other necessary work for
the benefit of the Government service, including the construction,
equipment, and operation of a laboratory, the employment of scientific
civilian assistants as may become necessary, to be expended under the
direction of the Secretary of the Navy (limit of cost not to exceed
$1,500,000), $1,000.000.*

A supplemental appropriation of $590,000 was formally made on March 4, 1917. Thus the Naval
Consulting Board had the 1.5 million dollars it wanted to build the laboratory.

The quick and successful action that led to the granting of these funds marked the high point of
the attempt by the Naval Consulting Board to build a research laboratory for the Navy. What followed
was disagreement and delay.

THE LABORATORY PROJECT: FAILURE

After obtaining funds for the laboratory, the Board had to determine where to build it and what,
exactly, its organization and function should he. The appropriation contained only general instructions.
So a committee was established and charged to make recommendations. Its members were Edison, as
chairman, Lawrence Addicks, Leo Baekeland, Thomas Robins, Frank Sprague, and Willis Whitney. ¥

Choosing a lecation was important to many people besides the members of the Naval Consulting
Board. As far back as the first announcement of the project, in October 1915, local boosters had peti-
tioned the Board to consider their cities. Congressmen, always on the lookout for such morsels to
skewer for their districts, also had been interested. The Board, to be fair, initially considered 61 loca-
tions but then quickly narrowed the list to three: Annapolis, Maryland, Sandy Hook, New Jersey (on
the northern tip of the New Jersey coastline, across the bay from New York City), and Washington,
D.C.

After several months of deliberation, two opposing views on which site was best emerged from
the committee There was also disagreement on the function of the laboratory and who would head .
On December 9, 1916, a pair of conflicting reports was presented to the entire Consulting Board for
consideration, one endorsed by Edison, and the other endorsed by everyone else.*

The majority believed that the laboratory should be built in Annapolis. There were four principal
reasons:

e The Engineering Experiment Station already existed there, and since the cost of the new insti-
tution and its equipmant was now set at 1.5 million dollars instead of 5 million, it seemed prudent to
expand the experiment station, changing it into a general Navy laboratory. Also, the majority was now
well aware of the existing Navy research program. "It is vital," they wrote, "that in order to make the
most of the available funds there should be no unnecessary duplication of equipment and facilities
which already exist in other Government plants, and no avoidable expenditures outside of buildings and
equipment."¥’

® Because the Naval Academy was in Annapolis, the laboratory might attract many visitors and
win their sympathy and support.

4 United States, Statutes at Large, Public Laws, vol. 39, (64th Congress, 1st session) ch. 417, 1916, p. 570.
= aboratory” section of the "Digest of Minutes,” op. cit. (note 26).

4 Copies appear in Smith, op. cit (note 1), pp. 225-232, but the majority report was rewritten after the meeting to take Edison’s
point of view into account.
47 1bid., p. 225.
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¢ Annapolis was close enough to Washington to allow easy access to all Government resources
and nformation there but distant enough to disallow complete control by Navy top brass Thus an
atmosphere conducive to long-range research might be possible.

¢ Annapolis had a good harbor for seagoing ships but at the same time was well protected by the
wide Eastern Shore of Marvland.

The inajority now disagreed with Edison on the purpose of the new institution. They believed
that its main function should be research, not development. They argued,

[The faboratory)] is not intended to rival in investment, equipment, or
output great industrial factories or machine shops or do the work legiti-
mately belonging to the navy yards or gun shops. It is primarily
intended for a research laboratory.8

The dispute that had arisen at the first meeting of the Consult'ng Board between Edison and research-
minded men such as Baekeland and Whitney now reemerged. The opposing viewpoints reflected the
difference beiween Edison’s laboratory at West Orange and others in America, such as the one Whitney
had established at General Electric.

Finally, the disagreement concerned who should administer the laboratory. At first, ali Board
members had hoped that the facility would essentially be under their control. As Hudsen Maxim later
said, "We certainly believed at [first] that the Laboratory was to be for the use of the Naval Consulting
Board, and fnat although it would be essentially under the auspices of the Navy it was to serve the spe-
cial purposes of the Naval Consulting Board."*® However, the continuing difficulties the Board was
experiencing in trying to work together with the Navy bureaus had altered the view of most members.
The report of the majority of the committee stated,

As to the manner in which [the laboratory] should be operated, the
idea that the work should be more or less under the direction of bureau
chiefs, individually or collectively, or the members of the Naval Con-
sulting Board, should be discarded, for such would lead to many-headed
and inefficient organization. Instead the laboratory should be under a
responsible officer of high rank, to whom the various bureau chiefs
should turn over their problems, accompanied by all available informa-
tion. And so too, with regard to problems which may be submitted to
the Naval Consulting Board.™®

Making the Iaboratory an integral part of the naval establishment had become an important concern If
the institution was to be effective, it had to work as the Navy, not just for it.

Edison believed that the laboratory was basically his project and that he had the right to decide
where it would be and how it would function. Like his own establishment, he thought it would depend
primarily on his inventive talent. As he later told Secretary Daniels,

It is fixed in my mind, whether right or wrong, that the public would
look to me to make the Laboratory a success, and that I would have to
do 90% of the work. Therefore, if 1 cannot obtain proper conditions to

48 Ibid., p. 230.
9 »Opinions of Members as to Future of Naval Consulting Board," op. cit. (note 24), p. 19.
%Scott, op. cit. (note 1), p. 226.

29

_ — mecnts A 4




D. K. ALLISON

make it a success, | would not undertake it nor be connected with it in
the remotest degree, or be held responsible for its success.™!

As a location for the laboratory, Edison favored Sandy Hook. That way the facility would be
located near his own cstablishment at West Orange and would also be near New York City, where
labor, all types of supplies, and well-trained technical men were readily available. Being near New York
had helped make his laboratory a success, and he felt it would be equally important for the new Navy

facility He continued to insist that the new institution should concentrate on development. Of
research he now said:

I do not think that scientific research work to any great extent will be
necessary. Research work in every branch of science and industry,
costing countless millions of dollars and the labor of multitudes of men
of the highest minds, has been carried on for many years. All of this
has been recorded, and yet only a ridiculously small percentage has as
yet been applied and utilized. It is therefore useless to go on piling up
more data, at great expense and delay while we are free to use this
ocean of facts.*?

Throughout his career, Edison had been able to rely heavily on existing scientific knowledge when mak-
ing his highly successful inventions. Once again, his experience strongly influenced what he thought
about the Navy laboratory.

The most important difference between the inventor and the rest of the committee, however,
concerned who should administer the facility. Edison now insisted that a civilian be in charge. He
expressed this point at a meeting of the committee in November 1916:

[Thel laboratory always in my mind has been for only one purpose, (o
work under civilian conditions away from naval and government condi-
tions. A purely civilian...laboratory. Not to have anything to do with
the Navy except that if any naval officer has an idea he can go there
and have it made.*

This view, like his predilection for Sandy Hook, merely hardened in the future.

Edison’s statement reflected an antagonism toward the Navy that he had developed since he
agreed to form the Naval Consulting Board and devote most of his energies tu work on Navy problems.
Cdison hua come w believe that no naval officer realiy understood scientific research, and that none
could properly administer a successful research-and-development laboratory. All the reasons for this
feeling are not clear, but two can be discerned. First, most of the suggestions he was sending to the
Navy through Secretary Daniels were not being followed, despite Daniels’ personal efforts to assure
they got attention.”* Edison later complained,

I made about forty-five inventions during the war, all perfectly good
ones, and they pigeon-holed every one of them. The Naval officer

'L etter from Thomas Edison to Josephus Daniels, Dec. 22, 1916, in box 76, Josephus Danicls papers, Library of Congress
Manuscript Division.
52Scott, ap. cit. (note 1), p. 23,

Notes on the meeting of the Laboratory Site Committee, Nov. 26, 1916, p. 8, in box 25 (?) (see note 7), Records of the Na-
val Consulting Board, record group 80, Natior.al /.rchives Building.
5% See Josephus Daniels, op. cit. (note 26), pp 193 and 222 for examples.
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resents any interference by civilians. Those fellows are a close corpora-
288
tion.™

Second, the Navy was testing for use 1in submarines a new type of storage battery being developed by
Thomas Edison, Inc. The inventor and his company had been working on batteries for this purpose
since 1910, when four naval officers visited him and discussed problems with those being used *¢ Partly
due to pressure from Daniels, the Bureau of Engineering had agreed to test the batteries on the subma-
rine E-2.57 On January 15, 1916, an explosion occurred in the vessel white it was moored in New York
harbor, and four men were killed. Subsequently, a well-publicized inquiry put the blame squarely on
Edison’s battery, despite his argument that operating procedures on the submarine had caused the disas-
ter.®® Miller Reese Hutchinson, Edison's assistant on the Naval Consulting Board, and his man in
charge of storage battery development, wrote an angry letter to an official in the Bureau of Engineering,
with a copy going to Secretary Daniels, asking for vindication:

We are now basking in the light of having sold something to the Navy
Department that is a gold brick and being a pair of crooks not worthy to
be trusted with the corfidential relation that members of the Naval
Consulting Board should and must bear to the Navy Department if any
results are to be achieved by that Board. 1 realize that it is a difficult
situation to handle, but it can never be handled by sitting tight and
doing nothing. If the Navy Department does not want to avail itself of
our services, we want to know it.*’

Despite this pressure, the Bureau of Engineering stood by the results of its investigation.

At the meeting of the Consulting Board in December 1916, both reports of the laboratory-site
commuttee were discussed fully, but the majority report prevailed. The Board recommended to Secre-
tary Daniels that the laboratory be built in Annapolis.®® Daniels refused to act. He wanted unanimity
on the decision. He obviously could not accept Edison’s view and use Navy funds to build a laboratory
that would be wholly civilian in operation, and he simply would not accept «he majority view unless
Edison concurred. lle wrote to Edison of his decision:

In view of these conflicting opinions, it would seem to me [ shouid
approve the majority report. [ have not yet acted solely because of my
deference to you and my great confidence in your judgement.®!

A new committee of the Naval Consulting Board was formed to convince kdison to change his
mind, but it failed. The same stubborness that had characterized the inventor’s search for a practical

*5 As quoted by Matthew Josephson, op. cit. (note 6), p. 454.
:' Ronald W. Clark, Edison: The Man Who Made the Future (New York. Putnam’s, 1977), p. 219.

See the letters from Miller R, Hutchinson to Josephus Daniels in box 84, Josephus Daniels papers, Library of Congress
Manuscript Division.
5% The affair may be followed 1n reports of The New York Times beginning with that on January 16, 1916, Il, p. 1 The notebook
entitled "Explosion of H, from Edisor storage batteries installed on USS E-2" in the NRL historical file, Historian’s office, NRL,
Washington D.C., contains several items of interest on the E-2 incident, including a report made for Thomas Edison by Lamar
Lyndon, a New York consultant, that was favorable to Edison, and a letter of rebuttal from R.S Griffin, Chief Engineer of the
Navy, to the Secretary of the Navy.
9 |etter from Miller R. Hutchmson 1o Louis Howe, Dec. 23, 1916, in the file "Huichinson, M.R., 1914-1915," box 84, Josephus
Daniels papers, Library of Congress Manuscript Division.

“*Laboratory" .ection of the "Digest of Minutes,” op. ci. (note 26).
' Leter from Josephus Daniels to Thomas Edison, Dec. 20, 1916, box 76, Josephus Danicls papers, Library of Congress
Manuscript Division.
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incandescent light bulb, which the world of science had called impossible, now determined his stand vn
the research laboratory.

The disagreement halted progress on the project. Meanwhile, the war went on. Work that might
have been done at a new research institution was done e¢lsewhere. The Burcau of Engineering
expanded radio research at several locations and established two groups to study anusubmanne warfare,
the first at Nahant, Massachusetts, in cooperation with the Naval Consulting Board, and the second at
New London, Connecticut, with the assistance of the National Research Council. Other bureaus made
similar increases in their research work. With the need so obviolis, the fuilure to build the laboratory
seemed to many on the Board an egregious mistake.

In February 1918, Frank Sprague and several other Board members took the initiative to get the
laboratory project moving again. To gain support, they decided to recommend that the facility be built
on the location always favored by top Navy officers. the grounds of a Navy magazine in Bellevue, an
area in the southeast tip of the District of Columbia. The Board as a whole went along and pessed a
resolution stating, in part,

WHEREAS, On account of the change of conditions wrought by the
war in which we have now been engaged for nearly a year, a second
choice of the Site Commiittee in favor of Washington may now be given
more favorable consideration, therefore be it

RESOLVED, That the Naval Consulting Board recommends i1or
immediate consideration of the Bellview [sic, Magazine site in Wash-
ington, and the prompt construction of the proposed laboratory on
plans approved by the Navy Department."2

Following this meeting, two Board members were instructed to draw up plans for a laboratory
designed for construction on the Washington site. They were made and approved.® Significantly,
although the plans gave a detailed description of the physical plant of the institution, they said nothing
about its administration or scientific program. Thesc disputed issues were left to be settled after the
facility was constructed. Copies of the plans were given to Secretary Daniels and the chiefs of the
material bureaus in mid-June. Again, however, the Secretary refused to act, because Edison, who had
taken no part in the Board’s new initiative, would not support it.

On November 11, 1918, World War | ended. In December, the Naval Consulting Board met to
decide the Reard's future. Edicon, as usual, was not present. Most members werc willing 1o continuc
meeting if the Secretary of the Navy desired them to do so, but all freely admitted they could accom-
plish little unless hey developed a better means of cooperating with the bureaus. On the subject of the
laboratory, all were agreed. the facility should be built. But all felt that they had no power to do any-
thing fusther about it.%

At the request of Secretary Daniels, the Naval Consulting Board (id continue to exist after this
meeting, but it cewsed to be active. It was up to the regular naval establishment to decide whether and
how the laboratory was to be constructed.

62=1 aboratory” scction of the "Digest of Minutes," op. cit. (note 24).
Ibid.
"Opinion of Members as to Future of Naval Consulting Board,” op. cit., (note 24).
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NAVAL OFFICERS TAKE COMMAND

In late 1919, William S. Smith, the officer who had served as the Navy liaison to the Naval Con-
sulung Board throughout the war and now had attained the rank of Rear Admiral, took the initiative
He convineed the chiefs of the material bureaus to advise Secretary Daniels to go ahead and build the
laboratory. They sent a memorandum to the Secretary on October 1, 1919, that read in part,

This time, Secretary Daniels, perhaps sensing that if he did not act now the facility would never
be built, went along. On October 20, he authorized construction on the Bellevue site. After having
made the decision, he wrote Ldison asking his consent. The inventor was as adamant as ever He

replied,

Suitland, Md.

It is recommended that the Bureau of Yards and Docks proceed with
the construction of the Naval Experimental and Research Laboratory a5
approved by the preliminary committee representing the Bureaus of
Steam Engineering, Construction and Repair, Ordnance and Yards and
Docks, of which Rear Admiral W.S. Smith was the senior membei, and
that the construction of the buildings and the equipment contained
should follow after the general lines of the report of the Naval Consult-
ing Board.**

Fig 4 — Rear Admiral William Strother Smith led
a campaign by naval officers to build the research
laboratory in Washington and later became NRL's
first director.

33

%% Memorandum from the Lngineer-in-Chuef, Chief Constructor, and Chief of the Bureau of Ordnance to the Secretary of the
Navy, Oct. 1, 1919, file "Al' 1n box 1, job order 7184, record group 181, records of NRL, Washington Nutional Records Center,




e 4

’:“v
i,
¥
-
i ¥
‘

D. K. ALLISON

I have not changed my mind n the least about the location of the
Laboratory. Nor have 1 changed my opinion that such a Laboratory
should not be under the control of Naval officers, either directly or
indirectly. [ still think that the Secretary of the Navy only should have
control through civilians. If Naval officers are to control it the results
will be zero. This is my experience due to association with them for
two years and noting the effects of the system of education at Annapo-
lis.

When you are no longer Secretary and have returned to business, |
want to tell you a lot of things about the Navy that you are unaware
of .6

Despite Edison’s opposition, the project continued, albeit slowly. A contract for construction was
finally granted in November 1920. Work began on December 6 but progressed slowly. The five build-
ings composing the laboratory would not be ready for use until mid-1923.

Daniels’ action insured that the institution would exist but did not settle the thorny question of
how it would be administered. Admiral Smith and the Bureau chiefs had not addressed that issue when
they prodded the Secretary to act, and he had made no decision on it since. They, of course, expected
that a naval officer would be placed in charge and that the laboratory would operate like the other Navy
test-and-development facilities. Edison, whom Daniels still hoped would cooperate, continued to want
a civilian The rest of the Board members preferred a civilian but were willing to accept the other alter-
native if necessary.

The choice rested with Secretary Daniels, at least while he remained in office. In a final attempt
to get Edison’s cooperation, the Secretary decided to support his position. He wrote him,

I...am in entire harmony with your view that there must be, in urder to
fulfill the purpose for which the appropriation was made, perfect
cooperation between civilians and naval officers, and as to the plan of
doing it, in my annual report I am saying there must be civilian direc-
tion and I hope this civilian direction will be undertaken under such
plans and policies as you will outline....I do not think we will have the
least trouble about arranging this, and I would like you to work out a
plan for such organization and management.5’

Still the stubborn inventor, now 73 years old, refused to go along. Instead of cooperating, he resigned
from the Naval Consulting Board altogether.®® Thus he fc feited his final chance to help determine the
policy of the institution he had conceived and for which he huad obtained Congressiondl funding. Wi h
no support from either Edison or the bureau chiefs, Daniels’ recommendation had little force. Besides,
the pace of construction meant tha. the ultimate decision would be left up to his successor, Edwin
Denby.

% Letter from Thomas Edison to Josephus Daniels, Nov. 7, 1919, box 76, Josephus Duniels papers, Library of Congress
Manuscript Division.

¢ Letter from Josephus Daniels to Thomas Edison, Nov. 19, 1920, box 76, Josephus Daniels papers, Library of Congress
Manuscript Division.

%31 etter from Thomas Edison 1o Josephus Danicls, box 76, Josephus Daniels papers, Library of Congress Manuscript Division.
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Soon after the new Secretary took office, William Saunders, chairman of the Naval Consulting
Board, wrote to him to express the opinion of the me:nbership:

A large majority have a very earnest interest in the future direction of
this laboratory....They hold the officers of the Navy in high respect as
executives to carry out the policy of the Department, but they believe
that by education, training and experience, those officers are not in a
position to develop new things through experimental work; that this
belongs essentially to those who are free and uninfluenced by
traditions....1t is the hope of a large majority of this Board that you will
decide to place a civilian director in charge of this laboratory.®

Nonetheless, Denby decided to support the officers. On September 13, 1921, although the labora-
tory was still under construction, he named Rear Admiral William S. Smith its first director. This
meant in addition that Smith and the bureau chiefs would decide the policy of the institution. Indeed,
they already had a general order for this purpose in draft form. It circulated in the Navy Department
and underwent slight revision, then it was issued as General Order 84 on March 25, 1922, It was the
basic statement of Laboratory policy. Neither Edison nor any other member of the Consulting Board
had anything to do with writing it. The order read in part,

1. As provided in the Naval Appropriations Act approved 19 August
1916, the Experiment and Research Laboratory is hereby established
and placed under the Assistant Secretary of the Navy. The Laboratory
shall be under the direction of a naval officer, not below the rank of
captain, who will be designated "The Director of the Experiment and
Research Laboratory" and be attached to the Office of the Assistant
Secretary of the Navy....

2. The Laboratory staff shall consist of such officers as may be
detailed from time to time or assigned to work on special problems,
civilian scientific assistants as provided for by law, and such technical
assistants as may be employed.”®

THE SCIENTIFIC PROGRAM

As important as who controlled the laboratory was what it would do. The wordiug of the
appropriation for the institution, which was based on Edison’s plans, actually had almost no influence.
Few of the problems which Congress had supposedly created the laboratory to study would ever be
investigated there. Instead, like the administrative structure of the institution, the scientific program
ultimately was formulated by naval officers.

Admiral Smith wanted the laboratory to be a facility serving all the material bureaus, and initially
they all expressed interest in having it do work for them. Moreover, they all agreed that its purpose
should be research. As Admiral Charles B. McVay, Chief of the Bureau of Ordnance, wrote in July
1922,

89 Letter from William Saunders to Edwin Denby, Mar. 17, 1921, in file "W. Saunders,” box 38 (?) (see note 7), records of the
Naval Consulting Board, record group 80, National Archives Building.
The complete order appears in Appendix A to this dissertation.
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This Bureau has a number of field experimental stations. It is believed
that other bureaus are similarly equipped. The Bureau therefore con-
siders that the operation of the Laboratory as an experimental station
would be but additional to the already existing facilities of the several
bureaus.

On the other hand, the Navy Department has not any center of pure
scientific research. It is believed that the Laboratory can and should
build up a research organization of able scientists and skilled naval
officers, in order to conduct purely scientific researches into such
branckes of science as affect naval material and the use thereof, and as
are not adequately covered by existing naval organizations.”

The bureaus, therefore, generally agreed with the purpose of the laboratory as described by the majority
report of the Naval Consulting Board laboratory-site coremittee. Their enthusiasm for having work
done there, however, evaporated when they learned that they would have to pay for it.

Financing the laboratory had becorne difficult. Since the supplemental appropriation of 1917, no
additional monies had been granted by Congress. To get operating expenses for fiscal year 1923, Cap-
tain E L. Bennett, who had succeeded Admiral Smith as Director on December 21, 1921, went before
the Naval Appropriations Committee on March 23, 1922, to ask for $100,000. He had originally hoped
for $300,000, but that sum had already been cut by 2/3 during internal Mavy review. And Bennett
could not convince Congress even to give him the smaller amount. Without the war and without a
popular advocate like Edison, arguments for the special needs for =..entific research had little influence
on the legislators. No money at all was appropriated for fiscal year 1923, and there was even some dis-
cussion of changing the purpose of the facility.”> Only numerous pleas a year later shook loose

$100,000 for fiscal year 1924. In fact, only nominal yearly funds were granted to the institution until
the mid-1930s.

The small direct appropriation could cover not all costs, as had originally been hoped, but only
overhead and salaries for a fraction of the employees. Thus, most personnel and research expenditures
would have to be charged to the bureaus for the work they ordered. Upon learning this condition, all
bureaus but one decided against using the laboratory, for they realized that doing so would mean cur-
tailing existing programs elsewhere.

The exception was the Bureau of Engineering. Several high-ranking officers, led by the head of
the Radio Division, Commander Stanford C. Hooper, thought the facility was an excellent location for
regrouping and centralizing the Bureau’s sound research, which was primarily concerned with the detec-
tion of submarines, and its radio research. Both activities had expanded during World War I, but they
had become scattered among numerous Navy yards and stations. The Bureau Chief, Admiral J. K.
Robison, was hesitant to commit funds to the new institution but finally agreed tv the plan of his
~-hordinates. On February 12, 1923, it was authorized in a Bureau memorandum entitled "Centraliza-
tion of Radio and Sound Research at the U.S. Naval Research Laboratory at Rellevue."”> Hooper later
remembered his role in shaping the function of the Naval Research Laboratory in this way:

" Memorandum from the Chief of the Bureau of Ordance to the Secretary of the ~avy, July 26, 1922, NRL historical file,
Historian’s office, NRL, Washington, D.C.

72 See the documents labeled "Estimate of the Situation" and "Naval Research and Experimemial Laboratory” in the papers of
E G Oberlin, Naval Historical Foundation, Washington Navy Yard, Washington, D.C.. and also the Annual Report of the Navy
Department (Washington: GPO) for 1922 and 1923.

3 File "Al" in box 1, job order 7184, record group 181, records of NRL, Washington National Records Center, Smitland, Md.
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Rear Admiral W. S. Smith sent a circular letter around to the burecaus
to ask them to report how much space each bureau required for each
activity and whether they desired any special arrangements of the space
and so on. I was quick to seize on that as our great opportunity to
finally have a radio research laboratory for the Bureau rather than hav-
ing it scattered all around from New London to Pensacola and Annapo-
lis and the different Navy Yards and the Bureau of Standards and
Anacostia.

So 1 immediately applied and told him we would like very much to
have the top floor, the third floor of the new building....I was very
hopeful that 1 could get at least part of that floor. I asked for the top
floor primarily because I thought I would be lucky even to get [that].
But after receiving my letter Admiral Smith came in to see me one day
and was very much pleased that 1 had made the request. He told me
that not a single desk of any Bureau had requested any space or help
there at the Naval Research Laboratory except my division. So he said,
"You can have the whole place. You just tell me what you want to do
down there and send down your men and the money and I will have it
done just the way you say and your men will be directly under your
division." Well, that was wonderful news and that made it possible for
us to move in and start the first real Naval Research Laboratory such as
we have now.”

Thus, soon after the institution opened on July 2, 1923, the 24 men of the research stafl were
organized into two divisions. Radio and Sound. The Radio Division was composed of personnel who
had come from the Naval Radio Research Laboratory at the Bureau of Standards and the Airuruft Radio
Laboratory at the Naval Air Station, Anacostia, D.C. The Sound Division comprised men transferred
from the Annapolis Experiment Station, where they had worked since being rroviously transferred
from New London, Connecticut. When uperations began, the men simply continued the work they had
already been doing for the Bureau of Engineering. For the Sound Division, this meant experimentation
on devices to detect submarines. For the Radio Division, it meant a broad research effort including
work on radio propagation, radio communication, radio direction finding, radio control, and radio stan-
dards and instrumentation.”® Work in high frequencies svon became the hallmark of the Radio Division
in most of these areas.

LEGACY OF THE BOARD

Thomas Edison and the Naval Consulting Board had little to do with the final stages of the crea-
tion of the Naval Research Laboratory. Their inability to come to a unanimous decision on a plan for
the institution and their failure to make the Board itself an effective, permanent body meant that the
facility they had formulated was actually built by others in the Navy Department. Nonetheless, a strong
effect was exerted on the institution by the Board's thoughts and intentions—especially because the
early administrators of the facility agreed with many of them.”

"4 Transcript of tape recordings on "Radio-Radar-Sonar” p. 67R160 and 67R161, box 38, Stanford C. Hooper papers, Library of
Congress Manuscript Division.

™ Louis A. Gebhard, Cvolution af Naval Radw-Llectronis and Contributions of the Naval Rescarch Laburate,y (Washungton. NRL
Report 8300, 1979), pp. 31-39.

*itis reported that even Edison himself later changed his mund about the Laboratory and wro ¢ 4 gracious letter o the Assis-
tan: Director saying his objections to the Laboratory as it had been established were apparently without foundation. A. Hoyt
Taylor, The First 25 Years of the Naval Research Laboratory (Washington. Navy Department, 1949), p. 4.
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The Board had wanted a laboratory independent from control by the bureaus and designed to
serve the entire Navy by investigating all areas of science pertinent to the Service. They had wanted it
to have a predominantly civilian atmosphere and to concentrate on research rather than routine test or
development work typical of other Navy experimental facilities. To a large extent, as we shall see in
the following chapters, NRL became that kind of institution.

Not everything developed as the Board had hoped, of course. The Laboratory was much smaller
than they had desired. 1t had no direct ties to civilian engineering or scientific societies. Its policy of
serving as a general Navy laboratory was more of a hope than a reality, due to the lack of support by
the miaterial bureaus. Its ability to retain a civilian atmosphere and devote resources to research was
restricted somewhat by its position within the navai service. Many officers in the bureaus did fail to
understand the institution and its importance. But given these limitations, the dream of the Board to
create a central scientific research laboratory in the Navy was realized. And unlike the Board itself, the
institution was able to operate successfully within the nava! establishment. Finally, the policies that
were followed at the Laboratory allowed it to increase scientific knowledge and develop much new tech-
nology for the Navy, just as the Board had expected. Radar is a good example.

In conclusion, it is interesting to note that although the Naval Consulting Board became inactive
after World War 1, it did not go out of existence until the 1940s. Most of its members, who remained
well-known and respected figures among American engineers, were happy with the Laboratory for
which they had been partly responsible. The early directors of NRL wisely kept in contact with them
and often spoke at the annual dinner meeting they continued to hold over the years. On several occa-
sions when the Laboratory desperately needed outside pressure put on Congress or on officials :n the
Navy Department, the alumni of the Naval Consulting Board were called upon, and they gladly lent
their support,
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4. ANTECEDENTS OF THE RADAR PROJECT (1922 to 1930)

THE DISCOYERY OF 1922

Creating a device that used radio waves to detect objects was an idea conceived independently by
a number of early radio scientists, it first occurred to two Navy engineers in September 1922, about 8
months before the Naval Research Laboratory opened. Later both men would be transferred to NRL,
and the early experimentation they had done would be closely related to the radar project there, once it
was established. Now, however, they were stationed at the Naval Aircraft Radio Laboratory of the
Naval Air Station in Anacostia, a section of the District of Columbia.

The men, Dr. Albert Hoyt Taylor and Leo C. Young, were studying experimental equipment
using high-frequency waves as part of 4 general search for new communication channels for .he Navy !
In their transmitter, they used a 50-watt tube designed to oscillate at low frequencies but wired to pro-
duce vibrations at around 60 megahertz. Their "superheterodyne” receiver was a device whose basic
principles had only recently been published by Dr. Edwin Armstrong.? The set was crude but satisfac-
tory for pioneering research.

In one experiment, the men turned on the transmitter, placed the receiver in an automobile, and,
like tourists in a new town, drove around the station to see what they could find. Quickly they learned
that steel buildings were reflecting the signals and setting up standing waves. These were particularly
noticeable in doppler effects when the receiver was moving. Other objects, when situated between the
transmitter and the receiver, would blank out reception completely.

In hopes that the wave pattern would be less complicated over the water, where there were fewer
obstructions, Taylor and Young drove the receiver to Haines Point, a location across the Potumac from
the Naval Air Station. Young later described what occurred:

As we got farther up towards the city end of Haines Point [closer to
downtown Washington, D.C.], we began to lose our signal as we went
behind the big willow trees there. So we decided to put the equipment
out of the car, on the seawall, and sce what happened. While we began
making observations, we bggan to get quite a characteristic fading in
and out—a slow fading in and out of the signal. It didn’t take long to
determine that that was due to a ship coming up around Alexandria.’

With their set Young and Taylor had detected the presence of a wooden steamer, the Dorchester.
The vessel's passage in and out of the path between the radio transmitter and receiver had created the
variable interference patterns. Quickly they realized that this phenomenon might be extremely useful

"There are several svurwes un the 1922 discovery  The only contemporary une is the letter Taylor wrote to the Bureau of En-
gineering. letter of Sept. 27, 1922, from the Commanding Officer, U S Naval Air Station, Anacostia, D C ., 1o the Bureau of En
gineening, in the NRL histurial file, Histutian's office, NRL, Washunglun, D C  Taylor discussed the work retrospectively in Ra-
div Renuniscences (Washington NRL, 2nd printing, 1960), pp 90 and 91  Young cummenied un it in a tape-recorded reminis
cenee he made in 1953 on his role in the development of radar 1t is un reels 150 and 151 in the wollection. "History of Radio-
Radar-Sunar” in the papers of Stanfurd C Houper, Library of Congress Manuscenipt Division (duplicates of the tapes for auditing
are in the Library of Congress Sound Division)  Henry Guerlae wrote about it in Radur in Buld War I (unpublished huistury of
Division 14 of the Nationdl Defense Research Committee, 1947) pp 58-60 Other acvunts are either based on these or are less
informative than they

2Edwin Armstrong. "A New System of Short Wave Amplification,’ Proceedings of the Institute of Radio Cngineers 9 (1921) 3-11
Young's taped remimscence (note 1)
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Within a few days, Taylor dispatched a letter to the Bureau of Lngineering to describe the work
he and Young had done on high frequencies and ask for further support. To justify his request, he
stated,

If it is possible to detect, with stations one half mile apart, the passage
of a wooden vessel, it is believed that with suitable parabolic reflectors
at transmitter and receiver, using a concentrated instead of a diffused
beam, the passage of vessels, particularly of steel vessels (warships)
could be noted at much greater distances. Possibly an arrangement
could be worked out whereby destroyers located on a line a number of
miles apart could be immediately aware of the passage of an enemy
vessel between any two destroyers in the line, irrespective of fog, dark-
ness or smoke screen. It is impossible to say whether this idea is a
practical one at the present stage of the work, but it seems worthy of
investigation.

To this letter, the Bureau of Engineering made no response.5 No one there seemed excited about
the possibilities of radio detection, at least based on the results Taylor and Young had attained so far.
Unfortunately, there is not even a record of the discussion of the idea by its judges. However, Stanford
C Hooper, then head of the Bureau's Radio Division, commented when thinking back on the early
detection work,

We were long convinced...that because of the lack of a proper generator
or tube, which could generate short waves...such a system would be
impractical for application to ships or planes....Consequently the Bureau
did not actually put priority on this work, as compared with more recent
and urgent prcjects, and the small funds available.®

Without further support and with many other problems demanding attention, Taylor and Young
abandoned the idea of a radio detection project. They did nothing further to initiate one until a second
important discovery was made in 1930. Thus died the first possibility of a program to build radio detec-
tion equipment for the U.S. Navy.

Several aspects of this episode should be noted. First, it developed from research on high-
frequency radio. Indeed, the same subject would lead Taylor and Young back to the idea of radio
detection in 1930. The existence of an extensiv: high-frequency radio program at NRL was a necessary
requirement for its development of radar.

Second, the importance of institutional support is clear. Because Taylor and Young were involved
in organized, administered research, they had to gain approval from their superiors to undertake a
major research efforts Unless and until the Bureau of Engineering agreed to support the work, little
could be done. Obviously it was not technical difficulties but rather the Bureau's decision that put a
stop to the investigation at this time. It should be pointed out, however, that Taylor and Young did not
now push hard for a project. If they had firmly believed that a radio detection program should be given
high priority, they would have appealed more strongly, as they did later.

*Taylor’s letter (note 1).

Taylor, Radio Reminiscences (note 1) p 91: Young’s taped reminiscence (note 1). Extant Bureau of Engineering records contain
neither the letter nor any information related to it.
Statement of Stanford C. Hooper prefacing the reminiscence by Young (note 1).
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On the surface, it appears that both the Bureau and the two scientists were shortsighted in noy
realizing the importance of radio detection at this time. Taylor himself drew this conclusion in retro-
spect 7 But it may alsp be true that the decision to do nothing further was both justified and better for
the development of radar in the long run. Although beginning a project in 1922 might have produced
some useful equipment earlier, it might also have led to frustration and failure. The antire field of
high-frequency radio, on which radar depended, was as yet immature. Moreover, even if useful
equipment had been produced, it might easily have been crude and cumbersome, and its existence
might well have inclined the Navy against supporting development of the more sophisticated equipment
that was possible later.® All that is certain is that a chance to develop radio detection equipment was
passed up. One cannot know what form of equipment, if any, might have resulted had it been taken.

Finally, although Taylor and Young temporarily put aside their interest in radio detection, they
continued to work for the Navy and to work with high-frequency radio. It was they who would lead
radar development at NRL once that development did get star.ed. When the idea surfaced again, they
recalled and referred back to their brief study in 1922 and its results. In that sense, the earlier work
served as a prelude to the development of radar.

There would be no radar project until 1930. During the intervening period, however, NRL
became a good location for the investigation because of the way the research stafl’ and research policy
were established and the way the early work of the Radio Division progressed. The remainder of this
chapter will be devoted to these subjects.

TAYLOR AND YOUNG

Hoyt Taylor and Leo Young were both transfered to NRL when it opened in 1923. Taylor
became chief radio scientist, and Young became one of his top assistants. Because of their involvement
in the radar project, it is important to know more about the two men.

Taylor was born in Chicago in 1879 to an advertiser who had little interest in technical matters.
Almost nothing is known of his boyhood except what Taylor himself wrote. "Long before I ever had
any higher schooling,” he said,

I was constructing simple voltaic cells with zinc and copper plates in aci-
dulated water, stringing a number of them up in series, trying to make
a carbon arc and an induction coil. At this time I was living in a small
village named Wilmette, a few miles north of [the] Chicago city limits.
Wilmette was then a town of only a few hundred people and was a very
rural community indeed. I attended high school in the neighboring city
of Evanston where | sopped up all the mathematics, physics, and chem-
istry I could get hold of?

Throughout his high school years, he continued to experiment with electrical devices, especially the
telegraph.

. He aspired to college, but family finances made his choice of schools limited; he ended up study-
A ing engineering at Northwestern University's Evanston campus, beginning in 1896. As he said frankly

MTaylor, Radio Reminiscences (note 1) p. 91.

b
gv,‘ 81t has been argued that just this sort of complacency did hinder the Navy later in making decisions about replacing some of s
long-wave radar with microwave equipment.

9Taylor, Radio Reminiscences (note 1) p I Almost all the biographical materiul related in this account derives from this source.
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Fig. 5 — Albert Hoyt Taylor, NRL °s leading radio scientist until the end of World War 11, was involved in
the carly discovery of the radar principle and later helped gain crucial financial support for the NRL radar
project.

in 1948, "[It] did not [then] have the splendid school of engineering it now posesses."!® In 3 years, he
exhausted his savings and had to begin interspersing school time with work before earning his BS n
1902.

From 1903 until 1908, he taught physics at the University of Wisconsin and showed enough
promise to be granted a year’s leave for study in Germany to prepare himself to teach graduate courses.
Electing to go to the University of Goettingen, he worked primarily in the Institute of Applied Electri-
city, where he conducted a special research project on electron tubes. In addition, he attended courses
under Max Abraham on clectron theory, llerman Vuigl un uptics, and David Hilbert on complex

variables. In short, he studied under some of the best scholars in Europe.

Although he had not expected to earn a degree, his progress was so rapid that he was able to pass
the doctoral examination in the spring of 1909. He then hoped for yet another year in Germany, but
he quickly changed his mind when offered a position as Head of the Physics Department at the Univer-
sity of North Dakota. His perseverance in getling a good education had paid off. He taught at North
Dakota from 1909 until 1917. His greatest interest was in radio research, and he was a "dyed in the
wool experimentalist."!' He established an experimental radio station at the University in 1910 and
worked closely with radio amateurs as well as colleagues.

Taylor first learned of the Navy radio program through the Institute o, Radio Engineers, which he
joined when it was established in 1912, At a meeting in New York in 1916, he met Admiral W. H. G.
Bullard, then Director of Naval Communications, and Lieutenant Stanford C. Hooper, head of the

1 1bid, p. 2.
"He so characterizes himsell in i6rd, p. 28
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Radio Division of the Bureau of Engineering. Bullard offered him use of the radio equipment at the
Great Lakes Naval Station near Lake Blufl, Illinois, for his experiments. Taylor accepted the invitation
and soon bepan working there occasionally. After World War 1 broke out, the Director of the station
was able to persuade him to join the Naval Reserve. He was called to active duty at the Station on
March 28, 1917.

: "At the time | was commissioned," he wrote later, "1 had practically no knowledge of the Naval
Service except that | knew the Navy was progressive and doing excellent work in the field of radio."!?
But as he had shown before, he learned quickly. IHe was first made District Communications Superin-
tendent and put in charge of radio operations in the Naval District covering the states around lllinois.
Then, in October 1917, he became Trans-Atlantic Communications Officer and head of the Navy Radio
Station at Belmar, New Jersey, which handled much of the overseas traffic. At Belmar, he supervised
both radio operating and radio experimental work. The latter centered nn study of buried antenna
wires, which were being used in an attempt to improve signal-to-noise ratios. In July 1918, he was
transferred again, this time to the Naval Air Station at Hampton Roads, Virginia, where he directed the
experimental program on aircraft radio.

H In the fall of 1918, the Bureau of Engineering decided to move the aircraft radio group closer to

' Washington, and he moved with it. At first it was located in quarters at the Bureau »f Standards, but
by August 1919, it had been situated at the Naval Air Station in Anacostia. Ther¢. over the next 4
years, Taylor supervised a wide variety of research projects, many that were specifi.aily related to air-
craft radio but others that were more general, including the study of high frequencies described at the
beginning of this chapter.

S s e

Taylor returned to civilian status in 1922 but remained in Navy employ. When he was detailed to
NRL in 1923, he had risen to become the leading radio scientist working for the Navy. It is likely that
he decided to stay with the service instead of returning to university teaching because in the Navy he
had found a strong need for his expertise and strong support for his passionate interest in radio.

Taylor’s background made him well suited for what he would be doing at NRL. His education
gave him knowledge of physics and radio principles on which he could build a research program. Iis
work as a naval officer taught him to understand the Navy mind and the Navy mode of operation. His
experience with practical radio problems under the pressure of war made him understand the balance
that had to be maintained in a Navy laboratory between research and more routine problem solving.
All these qualities helped him lead the radio research program at NRL, which he did from the time it
began until 1948,

~ Leo Young summarized his career and his work in radar in a tape-recorded reminiscence in 1953.
His ending was almost an epitome; he said as he signed off, "This is Leo C. Young, old W3 William
Victor, W3WV. 1 started ou. as a ham back in 1905 and I am still a ham."*® His interest in amateur
radio had, in fact, shaped his whole career and always was intertwined with it. After doing radio
research for the Navy during the day, he would spend nights beside his short-wave set at home. Unfor-
tunately for the historiun, his notebooks on extracurricular experimentation are often more detailed
than his records of his employed labor!

Young was born on January 12, 1891, near Danville, Illinois, but spent most of his youth in a
rural region near Van Wert, Ohio.!* He started building radio sets at around age 14, without any profes-
sional assistance or training. Before long, he was able to fashion a spark coil with a coherer-decoherer,

21pig, p. 45. The Navy had a monopoly on radio operations in America from April 1917 until the end of World War 1.

lonung‘s taped reminiscence (note 1).
NBiographical file on L C. Young, Historian’s office, NRL, Washington, D.C.
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Fig. 6 — Leo C. Young originated a number of the basic ideas leading to
radar and supervised the radar project for many years.

iuners, and earphones. He even made a sensitive crystal set. Eventually, his family moved into Van
Wert, which gave him access to the commercial power he needed to build more powerful equipment.
In 1910 he graduated from high school, and by 1912, was working as a telegraph operator for the
Pennsylvania Railroad, a position he held until 1917. Then came World War 1.

Looking back at his situation at that time, he stated,

Being of draft age, we finally came to the conclusion that we’d better
join the naval reserve and get into radio or something we liked rather
than the possibility of being drafted or getting into some other type of
work that we were not fitted for.!s

I8 Young’s taped reminiscence (note 1) Young uses the plural "we” to refer to himself throughout the early part of his mono-
logue
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Like Taylor, Young was aware of the Navy's radio program and hoped work in it would fulfill his mili-
tary obligation. His wish was granted. after enlisting in the Naval Reserve, he was sent to the Greal
Lakes Naval Radio S ation to work s a radio operator. On the first day, he met Dr. Taylor.

Within a short time, Young was sent 1o an outlying receiving station at Calumet, Michigan. Tay-
lor wrote about his performance there, "...the Calumet Station took a lot of fixing up. When I first
visited it on an inspecticn trip, | made up my mind it wouldn't have worked at all except for the
ingenuity of a young first class radioman named L. C. Young. I kept my eye on this young man and
wherever [ went in the Navy, he went with me."'® Taylor and Young eventually went to NRL together.
Until then, Young did a combination of radio operating and experimentation for his boss.

In the early years, Taylor always worked closely with Young and his other associates. Louis A.
Gebhard, an early NRL employee whose career was similar to Young's and who also began working
with Taylor at the Great Lakes Station, later described the situation in this way:

At that time, [Taylor] had, you might say, the brains and the ideas.
What we did was to follow through with them, rather than to generate
the ideas. Except we had the ideas of how to do the things that he may
not have had. [ don’t think that he had any great capability of winding
a coil or anything like that. But he may have; he did it in his own sta-
tion probably. But now, he didn’t have to do it; he could let other peco-
ple go ahead and do it."”

After NRL was established, Taylor increasingly had to devote his time to administration and to seiling
Laboratory programs to the Bureau of Engineering. Nonetheless, he always kept a hand in
experimental work. As Gebhard said,

He would come right over and work with you and muake the adjust-
ments on the equipment and so forth. He would play with it himself
and see how it would work. In other words, he was really interested in
what you were doing.'?

QJn th. other hand, Taylor could also be hard on his men and was well known for his authoritarian
manner. Robert Guthrie, who joined the NRL Radio Division in 1929, remarked in looking back,

He liked to be tough, you know—[he was] highly disciplined. In fact,
anyone who went to one of those German schools for his doctorate
went through that period.... If you got in with him, nothing he could
do was too good It you, but if you didn’t size up, he could dress you
down in the most embarassing circumstances—I mean beyond overkill.
So in a way, when he walked around the Lab with any young people, he
practically scared them to death, [or if] he walked up behind you when
you were experimenting....He was a disciplinarian.'?

The combination of Taylor’s dominating, military attitude and his love for and faith in radio research
made him an excellent liaison between his research staff and the uniformed sponsors of the Laboratory
in the Navy bureaus.

YTaylor, Radio Reminiscences (note 1) p. 46,
Transcript of a tape-recorded interview with Dr. Louis A. Gebhard, Sept. 12 and 19 and Oct. 3, 1977, 1n the Histonan's office,
NRL, Washington, D.C., p. 63.

18, .
Ibid, p. 63.
'qTape recorded interview with Mr. Robert C. Guthrie, Apr. 13, 1978, in the Historian's office, NRL, Washington, D.C., side 4.
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} Taylor and his top assistants, Gebhard and Young, remained the leaders of the Radiv Division for
the entire period under consideration in this study. Recently Robert Page, the man prinupally respon-
sible for the technical advances in the development of radar, discussed the situation.

Questioner: One of the things that's evident to anybody looking at the
history of the Radio Division is that the men who came in and led it
were a small circle of Taylor, Young, Gebhard, and a few others who
3 had really been together during World War 1 and cohered and remained
together.

Dr. Page: That’s correct,

Questioner: Did you sense that as people coming in, that there was this
"old guard" that was on top?

Dr. Page: Yes, | think we did, but to me it was a natural situation and
3 didn’t disturb me at all. 1t was—the governing body—that was the elite
group—they called the shots, they made the decisions. They gave me a
pasture to play in, but gave me a lot of freedom as to how | played.
Questioner: Did other people at the Laboratory feel the same way?

Dr. Page: I'm sure they did.?

GUIDING POLICIES

The official commissioning of NRL on July 2, 1923, was a relatively small event.?! Photographs
show a few high-ranking officials from the Navy Department, Laboratory empluyees, guests, and
several members of the Naval Consulting Board gathered in the bright summer sun in front of Building
1 1o witness the ceremony. Thomas Edison had been invited, but, not surprisingly, he refused to
attend Unlike the beginning of the Naval Consulting Board, the opening of the Laboratory received
almost no notice in the press. Not even the Washington papers deemed it important enough to cover.™

The principal speaker at the occasior. was Assistant Secretary of the Navy Theodore Roosevelt, Jr.
Following Navy tradition, he read the general order that set forth the official policy of the insttution
i and then gave an addrass on "the aims of the Laboratory "2* His remarks were not recorded, but carlicr
he had told the House Subcommittee on Appropriations,

I feel very strongly that the Navy must not be allowed to petrify. We
will petrify unless we are constantly reaching out for new and better
things. The research laboratory is in direct line with this thought.”*

Roosevelt’s view was important, because he was formally ia charge of the new facility. As the Naval
. Consulting Board had wished, it was placed administratively in the Secretary’s Office, under the Assis-
N tant Secretar; This was done to prevent it from being controlled by any of the material bureaus and
thus to allow it to become a research establishment for the whole Navy.

2“rranscripl of a tape-recorded interview with Dr  Robert M Page, Oct. 26 and 27, 1978, 1 the Histonian's oflice, NRL, Wash-
ington, D.C., p 68.
2 A Hoyt Taylor, The First 25 Years of the Naval Rescarch Laboratory (Washington. NRL, 1948). pp. 2-4.
Rfterbert J Gimpel, History of NRL {unpublished manuscripi available at the NRL library, deposited in 1975), pp. 29 and 30.
BNRL Station Log, Historian’s office, NRL, Washington, D.C. vol. I, p. 3.

US Congress, 674, House, Hearings Before the Subcommuttee of the House Commuttee on Appropniations m Charge of the Navy
Department Appropriation for 1923 (Washington: GPO, 1922), p. 728.
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Fig. 7 — The Naval Research Laboratory, which was located in a sparsely populated region of the District of
Columbia, openced in 1923 with 5 buildings.

The plan succeeded to some extent, Slowly the Laboratory was able to create divisions other than
Radio and Sound. a Ballistics Division in 1923, a Heat and Light Division (later Optics) in 1924, 2
Physical Metallurgy Division and a Chemistry Division in 1927, and a Mechanics and Electricity {later
Mechanics) Division in 1931.2° Certainly the ability to work in all these areas would not have been
possible had the institution originally been placed under one bureau. [unding, however, kept it from
becoming a truly general research facility. Theie was never enough money from the diract appropria-
tion from Coungress or from the bureaus otiier than the Bureau of Engineering to do more than a modi-
cum of work in subjecis besides radio and sound.

Over the years, the Laboratory’s administrative position ii. the Navy would be altered several
times. It was transferred from the Assistant Secretary’s Office to the Bureau of Engineering in 1931 It
remained there until 1939, when it once again was placed under the Secretary. In 1941 it was moved to
the Bureau of Ships. Then in 1945 it was subsumed under the new Office of Research and Inventions
When that was recrganized and became the Office of Nava! Research in 1946, NRL was put under it
and has remainec there ever since. The reasonc for these changes are significant, and several of them
will be discussed more fully later, in their apprepriate contexts. The official documents effecting the
moves are reproduced in Appendices B, C, D, and E.?

The Director of the Laboratory, despite the wishes of the Naval Consulting Board, has always
been a naval officer. When the facility opened, Captain E. L. Bennett was in charge. Because he also

35 Taylor, The First 25 Years...(note 21), pp. 25-28.
*Alfred T. Drury also discusses the changes, tn War History of the Maval Research Laburatery (unpubished history in the series,
"U.S. Naval Administrative Histeries of World War 11," deposited in the Navy Department hbrary, 1946.

47




D. K. ALLISON

served as Technical Aide to the Secretary of the Navy, his principal office was in the Navy Departmeut
in downtown Washington. Commander Edgar G. Oberlin, the Assistant Director, was in residence and
supervised routine operations. The Naval Consulting Board had feared that if naval officers ran the
nstitution, both the chances of maintaining a civilian atmosphere and the freedom required for produc-
tive scientific labor would be precluded. However, due to the wisdom of Captain Bennett, and perhaps
even more of Commander Oberlin, the fears proved largely unfounded. These officers realized that
directing a laboratory was quite different from commanding a ship; they understood the needs of pro-
fessional scientists and engineers and also their general dislike of Navy discipline. On the other hand,
the scientific staff at the Laboratory realized, as the Board su.rprisingly had not, the benefits of having a
naval officer in charge. Hoyt Taylor later summarized the early governing policy and its advantages in
this way:

To a considerable extent the future policy of the Laboratory was laid
down in the very early years by Captain Bennett, Commander Oberlin,
and [the original Division] Superintendents. This group insisted that
the Division Superintendents have full authority, within their own divi-
sions, to organize and carry on the work, and full responsibility for the
direction of the division activities and all reports thereon. These divi-
sion superintendents reported only to the Director of the Laboratory
and had free access to him at all times. This compromise between mili-
tary and civilian direction has, throughout the years, worked out
remarkably well....

There are many advantages in this arrangement. With a competent
officer of sufficient rank at the head of the Laboratory it is easier for
the Laboratory to maintain close contacts with the various offices of the
Navy Department and with the Navy as a whole. [t was difficult
enough in the early days to "sell" the work of the Laboratory to the
Naval Service and it would have been practically impossible if the
organization had been a civilian organization from top to bottom.?’

The principal function of the institution was to conduct research. This was emphasized by the
early directors and scientific staff alike. Captain Bennett had expressed his understanding of it in March
1922 to a session of one of the appropriations subcommittees of the House of Representatives He was
then arguing for initial operating funds for the second year in a row, and the Chairman of the Subcom-
mittee, Rep. Patrick H. Kelley of Michigan, questioned him pointedly:

Mr. Kelley: Why should we open that place?

Capt. Benaetr. 1 think there is a very distinct need for research
work under the direct supervision of the Navy Department; something
we have never had except in scattered items.

Mr. Kelleyy Would the openir *© of this experimental and research
laboratory at Bellevue lessen the amount of experimental work being
done at other places by the Navy Department?

Capt. Bennetr. 1 do not think there is a great deal of purely research
work being done, as distingushed from experimental work and test

77A. Hoyt Taylor, "The Relations Between Naval S.ientists and Naval Officers’ (unpublished article written in 1946) in Mono
graphs of the Naval Research Laboratory Personnel, vol. I, 19411948, in the NRL library, Washington, D.C
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work. There is a certain amount being done and a part of that will be
waken over by the research laboratory, if we get it going.

Mr. Kelley: Tell me the difference between a research laboratory and
1 an experimental !aboratory.

Capt. Bennerr. Research and experimentation overlap to such an extent
that it is difficult to define and contrast them. Broadly speaking, a
research laberatory is where you start in with an idea and work it out.
An experimental laboratory is where you take an apparatus and find out
what it wifl do. The first deals more with scientific principles and the
other with mechanics. We expect to combine research and experimen-
tation. Thei is very little research work being done by the Navy any-
where.?

Indeed, to emphasize the importance of research at the Laboratory, its official name was altered in 1925
from “Naval Experimental and Research Laboratory" to simply "Naval Research Laboratory."

¢ The institution actually did more than just fundamental research, however. In an undated docu-
ment written around 1927 and entitled "Functions of the Radio Division of the Naval Research Labora-
tory." Hoyt Taylor outlined the work of his division in particular.?? He said,

Functions of the Radio Division...may be roughly divided under the
following headings:

(a) Fundamental Research.

(b) Engineering Research.

(¢) Engineering Development.

(d  Advisory work for Government Bureaus, particularly
the Bureau of Engineering, Navy Department.

In general, fundamentai research which is successful in discovering new
ideas which appear to be of special benefit to the Naval Service is fol-
’ lowed up by engineering research whose object is to reduce the idea to
' a practical form....

If this in turn is successful, further work, which may be called

engineering development, is done to round out a concrete piece of

/ apparatus which shall establish a new or improved type for the service
and which can serve as a basis upon which the specifications can be
drawn up for quantitative production by commercial concerns. The
Laboratory aims not only to so direct its work that there will be no
unnecessary overlapping with other government departments, but it
also aims not to undertake problems which appear to be progressing
towards satisfactory solutions in other Laboratories whose work is avail-
able to the Naval Service.

B35, Congress, op. cit. (note 24), p. 719.
Bn file Al, box 1, job order 7184, record group 181, records of NRL, Washington National Records Center, Suitland, Md.
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Thus, while avuiding competitivn with industry, the Radio Division attempted to cover tke full range of
suentific and engineering research and development from studying basic laws and principles to develop-
ing prototypes of naval equipment.

Like Bennett, however, Taylor always argued that research was the most important activity.
Although he never expected the division to engage only in research, he always realized that it was the
activity most in danger of being curtailed. He knew that because the main responsibility of the Bureau
of Engineering in the radio field was maintenance and operation of equipment, it naturally felt that the
Laboratory should concentrate on practical problems. He feared that Bureau officials did not under-
stand that sponsoring research was in their own best interest in the long run. He had good reason to
WOrTy.

Captain Stanford C. Hooper, who had been so important in getting the Laboratory established,™
was one of several important individuals 1in the Bureau who were particularly upset about the devotion
of NRL to research.. lle said later,

Unfortunately...] was transferred to sea [in 1923] and did not have [an]
opportunity to assist in guiding the policy of the Laboratory with the
radio group in the very beginning, for when I returned from sea in

1926 and again had charge of the Radio-Sound Division of the Bureau,
I was surprised to find that the Bellevue Laboratory personnel had
assumed a role quite different from what 1 originally had in mind.
Instead of finding a thriving group of engineers engaged in assisting the
Radio Division in the preparation of specifications and testing soap-box
models and go-betweens between the Bureau and our great commercial
laboratories, 1 found, principally, a combination research and manufac-
turing stafl, and one in competition with commercial companies.3!

Hooper wanted NRL tu leave both fundamental and engineering research to industry or the universities
and concentrate on design of naval equipment. He believed he himself had established the model for
how the Navy and industry should cooperate when he led the Navy effort to help establish the Radio
Corporation of America after World War 1.*? By emphasizing in-house research, NRL did not follow
this model. To change the policy of the Laboratory, Hooper and those who thought like him ultimately
were able to have it tiansferred to the cognizance of the Bureau of Lngineering, as will be discussed
further in the next chapter.

The concern over the 1ole of tesearcht in the Labuiatory, and mure particulardy in the Radio Divi-
ston, had direct relevance to the radar project. Radar began as a combination of scientific and engineer-
ing research. It never could have become an acceptable project for the Laboratory had not Taylor,
Oberlin, and others labored continuously to establish a policy based on the central importance of
research. If Hooper had had his way, radar would have been developed first—if at all—by commercial
companies. Moreover, the continual difficulties of NRL leaders in obtaining strong support for research
meant that once the radar project was started, it had to be a small effort until concrete results were
achieved.

Like the administrative policies, the way NRL was financed had a major effect on the work it per-
formed. Directors and division superintendents had to temper their conceptions of what NRL ought to

MSee note 29, p. 68.

Ystatement of S.C. Hooper, Jan. 4, 1932, in the file "Jan-Feb, 1932, box 14, papers of S.C Hooper, Library of Congress
Manuscripl Division.

“Capt. LS. Howeth, History of Communiativn Lledronws i the United States Navy (Washington. GPO, 1963), ch. 30. Many of
Hooper’s papers in the Library of Congress (note 31) also relate to this matter.
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do to fit the reality of its funding. Getling enough money to remain in operation was a continual
difficulty in the years between World War 1 and the buildup prior to World War 1I. Naval appropria-
tions in general were kept low during much of this period, and funds for new ships always took pre-
cedence over funds for research. The staff at NRL simply learned to think small.

As mentioned earlier, money for NRL came from several sources: the general yearly appropriation
from Congress, funds from various Navy bureaus, and allocations from other Government agencies.
Table 2 shows the totals of INRL appropriations for fiscal years 1924 through 1946, as well as can be
determined from extant records.® The importance of Burcau of Engineering funds throughout this
period of the history of NRL is clear from the totals. They also reflect the definite effect of the depres-
sion (see the years 1933, 1934, and 1935) and the rearmament prior to and during World War I1.

Table 2 — NRL Funding

Funding (thousands of dollars)
. BuEng Total Navy Other
I;:anz:l Congress or %T\i,r (col. 3 Govt. Total
BuShips + col. 4) | Agencies

1924 100,000 153,447 42 855 196,302 13 296,315
1925 125,000 194,401 54,802 249,203 25 374,228
1926 150,000 197,010 49,187 246,197 2,879 399,076
1927 175,000 249,409 51,461 300,870 17,402 493,272
1928 175,000 276,748 79,140 355,888 39,311 569,199
1929 200,400 261,061 g8 85 343,546 12,577 556,123
1930 220,350 236,515 5. ,482 334,097 3,208 559,655
1931 230,000 280,651 87,887 368,538 23,204 621,742
1932 229,675 - - 406,620 - (636,295)*
1933 213,000 - - 478,463 - (691,462)*
1934 199,381 - - 259,526 - (458,907)*
1935 204,916 - - 307,293 - (512,209)*
1936 310,000 238,461 96,140 334,601 - (644,601)*
1937 300,000 —_ — 330,257 - (630,257)*
1938 310,000 - - 392,028 - (702,028)*
1939 335,000 354,381 122,012 476,391 - (811,391)*
1940 370,000 - - 552,612 - (922,612)*
1941 653,350 - - 1,085,520 - (1,738,870)*
1942 | 1,479,500 - - 2,077,631 - (3,557,131)*
1943 | 2,327,923 - - 3,967,826 - (6,295,749)*
1944 | 3,075,000 - - 7,649,749 - (10,724,748)*
1945 | 3,075,000 - - 10,000,000 - (13,075,000)*
1946 | 4,239,508 | 6,666,058 | 4,735,058 | 11,401,116 - (15,640,624)*

*Not a complete total, because information is not available on funding from other Government agencies.

B The principal extant financial records of NRL for this period are in the National Archives, in files L1-1(3) of boxes 32 through
35 of the records of NRL, Unclassified senies, and box 24 of the Confidential series (now Unclassified), record group 19, Nation-
al Archives building. 1 also used data from Drury, op. . (note 26), and U.S. Congress, 78:2, House Select Committee on Post-
War Military Policy, Hearings, Surplus Material—Research and Development (Washingten: GPO, 1945), pp. 228 and 229.
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The money from Congress was spent first for general overhead expenses (maintenance and opera-
tion of the plant) and then for research. The small “basic science" divisions (Optics, Physical Metal-
lurgy, Chemistry, and Mechanics and Electricity) were supported almost entirely with it.3* Hence,
Congressional generosity determined their birth and prosperity.

The Bureau of Ordnance paid for most of the work in the Ballistics Division, unt! this division
was broken up and merged with the Metallurgy and Chemistry Divisions. The Bureau of £ngineering
paid for virtually everything done by the Radio and Sound Divisions, which remained the largest divi-
sions until the end of World War Il. Projects sponsored by other bureaus were few and were conducted
by various sections of the Laboratory. Although the bureaus were not charged for overhead expenses,
they paid for both materials and labor. The salaries of almost all the personnel of the Radio Division,
for example, came from allocations by the Bureau of Engineering.

The basic unit of work in all the scientific divisions was the "problem"**—a specific assignment of
work to be done. Money was allocated in terms of problems; personnel received assignments on the
basis of them; they were the subject of the regular reports. Some were specific; others were broad and
general. They could last a short period of time or run over many years.

Problems could originate either at NRL or in the Navy bureaus. Since Congress left administra-
tion of the funds it allocated aimost entirely up to NRL, most of the problems dependent on Congres-
sional money originated with suggestions of Laboratory personnei and were regulated by internal deci-
sions. The quantity of money obtained every year directly from Congress had more to do with argu-
ments based on general principles or major achievements than on details.

Money from the bureaus was another matter. A large portion of the problems they paid for were
based on work they asked the Laboratory to do. Many projects resulted from operating difficulties in
the fleet and thus were test or development efforts. If NRL wanted to originate a problem that
depended on bureau appropriations, it had to "sell" it to the bureau. And throughout the 1920s and
1930s it was difficult to sell the bureaus on research. As Assistant Director E. D. Almy said of relations
with the Bureau of Engineering in 1931,

...the Bureau’s urgent and immediate needs are engineering and not
research. In fact...I have been impressed and depressed by the almost
total absence of appreciation of the value of research 1 have encoun-
tered in my contacts in the Department [of the Navy]. Not one officer
in a hundred that I contact seems to value research on naval problems.
Probably less than one percent of the officers of the service have any
knowledge of this Laboratory, its functions, its organization, its prob-
fems, or their relation to the Naval Establishment.*

In such a climate of opinion, it was hard to get support for what the leadership of the Laboratory
thought it ought to be doing.

After initial discussion of a problem, the Director of the Laboratory had the right to accept or
reject it. Many test problems were in fact rejected as inappropriate for the institution. If a problem was
accepted, it was given to one of the divisions for review and for initial cost estimates. Once this was

MTaylor, The First 25 Years... (note 21, p. 25.

This discussion is based in part on general reading in the administrative records of NRL and in part on Drury, op. cit. (note
26), pp. 54 and 55.

F*Memorandum from E.D. Almy to the NRL director, Oct. 26, 1931, i fite Al, box |, job order 7184, record group 181, records
of NRL, Washington National Records Center, Suitland, Md.
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approved by the Director and the sponsor, the money was allocated. Administration of problems was
then the job of the division superintendents. To some extent, the Director was free to juggle funds
among the divisions to keep the work progressing.

In cooperation with NRL, the bureaus assigned priorities to problems they supported to help
guide allocation of resources. Reports were made as required or as deemed necessary. Problems were
closed when the objectives were met, when it was learned they could not be met, or when the funds
were exhausted and results seemed not to warrant further expenditures. The outcome of the work
might be a report or a series of reports, publications, or equipment. The last outcome was usualiy a
prototype that could be turned over to a manufacturer for quantity production.

The radar problem was initially funded with money from the Bureau of Engineering. Later some
| funds from the direct Congressional appropriation were applied to it, and, after practical equipment had
been developed, other bureaus began funding work on radar sets for their use. Thus, the successful
development of radar would require a mixture of support. As we shall see, the way the investigation
progressed depended on how and when that support was obtained and on the status given to the inves-
tigation both at NRL and by the bureaus.

| Overall, the policies of NRL defined the reasons for which the radar investigation was made, the
way it was supported, and its size and limits. Radar did not, of course, result merely from an application
of the policies in the area of radio detection, but the administration of the project did in fact govern its
development.

] THE TECHNICAL CONTEXT: HIGH-FREQUENCY RADIO?

Radar depends on the reflection of radio waves by distant objects. Presently, radar frequencies are
vonsidered to stretch beiween 3 megahertz and 40,000 megahertz (wavelengths between 100 meters
and 7.5 millimeters), as shown in Table 3, although early British radars used lower frequencies. All
radio waves are returned by conducting objects, but the phenomenon is easily observable only with
high-frequency radiations. Moreover, unlike long waves, short waves can be focused into narrow
beams and thus hit distant targets with concentrated power.

The knowledge that radio waves undergo reflection is as old as the knowledge of radio waves
. themselves. They were first predicted as a logical conclusion of James Clerk Maxwell’s seminal Treatise
K o ‘ on Electricity and Magnetism, which was published in 1873. In 1887 and 1888, Heinrich Hertz demon-
strated them experimentally and showed their similarity to light waves by proving, among other things,

! that they could be reflected.

- Hertz, and other experimenters who shared his interest in verifying Maxwell’s theory, worked pri-

1 marily with high frequencies. By the late 1890s, however, Guglielmo Marconi and other men who had
become interested in using the waves for communication had determined that low-frequency radiation
k was more practical. Their success in developing communication equipment soon attracted almost all
. scientific attention to the same area of the electromagnetic spectrum. Low-frequency reflections being
so slight, little thought was given to making use of wave echoes.

] "References used for general information contained 1n the next two sections were Louis A. Gebhard, The Lvolution of Naval
! Radto-Llectromcs and Contributions of the Naval Research Laboratory (Washington. NRL Report 8300, 1979), and enry Guerlac,
"The Radio Background of Radar,” Journal of the Franklin Institute 250 (1950): 285-308.
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In 1903 and 1904, however, a German engineer, Christian Hulsmeyer, learned that by using a
spark-gap transmitter and coherer-equipped receiver, he could detect echoes from barges passing along
the Rhune River. Convinced that such a phenomenon could be employed to detect ships in fog or at
night, he developed and patented the idea in both Germany (patent 165,546, issued April 30, 1904)
and England (patent 25,608, issued November 1904). The equipment he built was too crude to interest
private industry or the German Navy, and it played 1o role in stimulating later developments, but his
work does indicate the general awareness that radio waves could be reflected and that those reflections
could perhaps be put to use.®

A general revival of interest in higher frequencies occurred among radio researchers in World War
I, due to the potential of using them for secret point-to-point communications.?® This interest, fueled
by the enthusiasm of radio amateurs, continued to grow after the War. Wave reflection soon became a
subject of discussion once again. Marconi himself, in an address to a joint meeting of the American
Institute of Electrical Engineers and the Institute of Radio Engineers in 1922, stressed the importance
of short-wave research and, almost incidentally, pointed to one possible use of the reflective property:

As was first shown by llertz, electric waves can be completely reflected
by conducting bodies. In some of my tests I have noticed the effects of
reflection and deflection of these waves by metallic objects miles away.

It seems to me that it should be possible to design apparatus by means
of which a ship could radiate or project a divergent beam of these rays
in any desired direction, which rays, if coming across a melallic object,
such as another steamer or ship, would be reflected back to a receiver
screened from the local transmitter on the sending ship, and thereby
immediately reveal the presence and bearing of the other ship in fog or
thick weather.

One further great advantage of such an arrangement would be that it
would be able to give warning of the presence and bearing of ships,
even should these ships be unprovided with any kind of radio.*

These remarks were published in August 1922 —a month before the experiments of Taylor and Young.
Whether they were aware of Marconi’s suggestions, however, is unclear.

Once NRL opened in 1923, Taylor focused the efforts of the Radio Division on the study of high
frequencies. In retrospect he explained, "Although. . .we did not realize the tremendous possibilities for
the use of high frequencies in the field of naval communications, we did see that they would certainly
be extremely valuable, provided we could sufficiently stabilize transmitters and receivers to make use of
such frequencies practical under naval conditions."*' Elsewhere he noted, "Probably the most important
service of the Radio Division in the early days was the selling of the high-frequency program to the
Navy, and indirectly, to the radio communications industry."%?

*Charles Susskind, Histo y of Radar. Birth of the Golden Cocherel (manuscript of a book in preparation), pp 3 and 4
39Guerluc, op. ct (note ), p. 290.
Gughelmo Marcont, nadio Telegraphy,” Proceedings of the Insutute of Radio Engineers 10 (1922) 237 Marconi later became in-
volved in the development of Italian radar equipment.
;Z'Taylor, Radio Remumscences (note 1), p. 105,
Taylor, The First 25 Years. .. (note 21), p. 17.
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Table 3 — Radio Spectrum
FREQUENCY || WAVELENGTH
(megahertz) || (meters)
- 0.00001 (10 micrometers)  (infrared)
1
10,000,000 i
\
3,000,000 |}-0.0001 -}-
1,000,000 submillimeter ?
(1 terahiertz) waves ( .
experi-
300,000 |1-0.001 (1 millimeter) — mental
' radars)
100,000 : !
.
30,000 | 0.01 (10 millimeters, —'[-
or | centimeter)
10,006
microwaves
T 3,000 | 0.1 (10 centimeters) (existing
ultrahigh _L radars)
frequencies _ 1,000-10.3 i
(UHF TV) : (1 gigahertz) | :
- ! 300 |1 : -
very high L .
frequencies 100 !
(VHFTV,FM) | \
short '
- —+ 30 |10 waves [
. (over-the-
high _ .
frequencies 109} 30 T r::(;';(;?
T ——1 3 1100 long —L-
| . waves
medium | |-
frequencies ll (AM radio)
L -+ 0.3 (11,000 (1 kitometer) 1
i
low 0.1 !
frequencies
- -{I— 0.03 |}- 10,000 (maritime radio)
very low _
frequencies * 0.01 (systems to transmit
] 1o submarines)
—L- l 0.003 {100,000
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The Bureau of Engineering was initially skeptical of these frequencies, because transmission an
reception with them was known to be very erratic. However, the Bureau had little choice but to mov
to higher bands. In the early 1920s, the Navy was forced to relinquish the frequencies from 0.550 ¢
1.500 megahertz to the radio broadcast industry.® Because of this, and because of Taylor’s enthusiasr
at NRL, the Bureau sponsored a research program there that would provide the knowledge and exper
tise needed for making the change. Subsequently, the Radio Division pioneered work in high
frequency radio propagation theory, quartz-crystal frequency control, power generation, reception tech
niques, and general equipment development. ¥

By 1925, enough progress had been made for the Bureau to begin incorporating high-frequenc)
equipment into the fleet; NRL was given the principal responsibility for its development and design
For years, this was the main effort of the Radio Division.** As one historian of Navy radio anc
communications has said,

Between 1925 and 1929, with the radio boom in full swing, the Navy
was almost entirely dependent vron its own research facilities for the
development of radio equipment suited to its needs. The radio industry
as a whole was far too occupied providing millions of receivers for
American homes and in the development of improvements which
might increase sales in this highly competitive market. Apparatus
designed by Naval Research Laboratory personnel was manufactured
for the Navy by the Radio Corporation of America, the Westinghouse
Electric & Manufacturing Co., the Western Electric Co., the National
Electric Supply Co., and other smaller corapanies. Practicaily no
research or development of Navy equipment was performed by any of
these companies during this period.*®

As a consequence, employees of the NRL Radio Division became extremely knowledgable and
experienced with short-wave propagation. Moreover, they kept up witn all new technical developments
in the field and developed a reservoir of components and equipment. This institutional situation would
make possible the investigation of many new ideas in the short-wave field, one of which would be
radar. Although most of the research of the Radio Division prior to 1930 related to the later work on
radar only indirectly, several investigations on the propagation of high-frequency radio waves were

closely tied to it. Once again they weare part of a general interest in the subject shared by a number of
investigators outside NRL.

THE TECHNICAL CONTEXT: IONOSPHERIC RESEARCH

In 1901, Marconi had succeeded in transmitting radio signals across the Atlantic. This quickly led
to speculation by physicists on how it was possible for the waves he used to bend around the curvature
of the earth. Almost simultaneously in 1902, Arthur E. Kennelly in America and Oliver Heaviside in
England theorized that it must be due to ionization of the upper atmosphere, which yielded a charged
layer that could reflect the radiation.*” In 1910, Dr. W. H. Eccles set forth a detailed hypothesis for
this conducting layer.*® This was, in turn, superseded by a well-reasoned theory based on free electrons

“Gebhard, op. cit. (note 37), pp. 43 and 44.
:g 1bid.
Ibud., pp. 43-169,
7Howelh, op. cit., {note 32), p. 403,
A similar account appears in Guerlac, op. crt. (note 37), pp. 296-304. See also Gebhard, op. cit. (note 37), pp. 44 and 45, and
A. Hoyt Taylor and E.O. Hulburt, "Propagation of Radio Waves Over the Earth,” Physical Review 27 (1926): 189-215.

48W.H. Eccles, "On the Diurnal Variations of the Electric Waves Round the Bend of the Earth,” Proceedings of the Royal Society of
London 87A (1912): 77-99,
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published by Sir Joseph Larmor in December 1924.% It provided the first sound mathematical explana-
tion of the atmospheric reflection of radio waves.

Earlier in that same year, however, A. Hoyt Taylor and his colleagues at NRL, in cooperation with
Mr. John L. Reinartz and other radio amateurs, had discovered that high-frequency radio waves could
jump from a transmitter 1o a distant receiver while being imperceptible at many points in between. ™
Taylor labeled the gaps "skip distances' and conducted an in-depth investigation to determine their
characteristics.”! He began publishing detailed experimental measurements of skip-distances in carly
1925, including with them rough estimates of the height of the conducting layer.*

The discovery of skip distances could not be understood simply in terms of Larmor’s theory—it
worked only for long waves. Thus Taylor enlisted the aid of the new superiniendent of the NRL Heat
and Light Division, E. 0. Hulburt, to come up with a new explanation. Starting with Larmor’s reason-
ing, Hulburt developed a new mathematical account that applied to short as well as long waves and pub-
lished it jointly with Taylor in 19265 1t was a brilliant paper, perhaps the best of Hulburt’s carcer. As
he said later,

[This study] put the Laboratory on the map. Because it was not only of
theoretical interest to theoretical people, but it was useful to the
Navy....[lt] was a lucky piece of work that was of first class theoretical
standard.™*

Subsequently, NRL supported a continuing investigation of the properties of the upper atmosphere and
thzir relation to radio-wave propagation.

While Taylor and Hulburt were involved in this study, similar investigations were being under-
taken independently by the English scientists E. V. Appleton and M. A. F. Barnett and by the Ameri-
cans Gregory Breit and Merle A. Tuve. In 1924, the latter team conceived the idea of measuring the
height of the conducting layer, later termed the "ionosphere," by the use of radio pulses. They planned
to compare the time it took for a signal to go directly from transmitter to receiver with the time it took
for a signal to go from the transmitter to the conducting layer, where it was reflected, and thence to the
receiver. The results could be displayed visually at the receiver by means of an oscillograph, and then
photographed for precise measurements. Because transmission was pulsed rather than continuous, the
direct signal and the reflected signal would show up clearly as two distinct bumps.®

in a meeling in Washington in November 1924, Breit and Tuve discussed their plan with leading
radio experts. Soon arrangements were made for a test with equipment of the Westinghouse Electric
and Manufacturing Company (Station KDKA), the Radio Corporation of America (Station WSC), the
National Bureau of Standards (Station WWV), and NRL (Station NKF). After a period of experimen-
tation, Breit and Tuve reported that

#95ir Joseph Larmor, "Why Wireless Electric Rays Can Bend Round the Earth,” The London, Edinburgh, and Dubln Philosphical
?Olagazine and Journal of Science 48 (1924): 1025-1036.
5|J°hn L. Reinartz, "A Year's Work Below Forty Meters," Radio News 62 (Apr. 1925): 1394fT.

Transcript of tape-recorded interview with Dr. Edward O Hulburt, Aug. 22 and Sept. 8, 1977, in the Historian’s office, NRL,
Washington, D.C., p. 15.
52 A. Hoyt Taylor, "An Investigation of Transmission of the Higher Radio Frequencies," Proceedings of the Institute of Radio En-
gineers 13 (1925): 677-683, and A. Hoyt Taylor and E. Q. Hulburt, "Wave Propagation Phenomena at High Frequencies,” Bureau
of Engineering Monthly Radio and Sound Report, Sept. 1, 1925, pp. 14-59,
53Taylor and Hulburt, op. cit. (note 47). See also the Hulburt interview, op. ci. (note 51), pp.14-23.
5% Hulburt interview, op e, (note 51), pp. 17 and 18.
SSGuerlac, op. cit. (note 37), pp. 302-304; M.A. Tuve and G. Breit, "Note on a Radio Method of Estimating the Height of the
Conducting Layer," Terrestrial Magneusm and Atmospheric Electricity 30 (1925): 15 and 16.
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The most definite results have been obtained from the Naval Research
Laboratory owing to the fortunate relative location of the [equipment]
and to the high constancy of the frequency emitted by the NKF
transmitter. This is achieved by the use of crystal control ard makes it
s.upcgti‘or 10 any of the other stations we tried for the purpose in ques-
tien.

The apparatus had been constructed by Leo Young and Louis Gebhard. With it, Breit and Tuve
determined that the heights of the wnosphere tended to vary with both the time of day and the time of
year and that it ranged between 90 and 210 kilometers (55 and 130 miles).”’

The pulse technique was simpler and more precise than any other that had previously been
cmployed for ivnuspheric measurements. Svon It was adupted by investigaturs throughout the world.
Sigmficant improvements were made 1n the inotruments used, such as the addition of a multivibrator o
generaie sharp pulses and the substitution of a cathude-ray tube for the mechanical oscillograph.® Con-
sequently, the pulse techniyue fur svunding the jonusphere became both widely known and well
developed.

The eyuipment that evolved fur this purpose and the principles on which it was based are similar
tu those of pulse radar. One historian, Henry Guerlae, went so far as to state that the latter followed
directly from the former:

Radar was developed by men who wers familiar with the ionospheric
work. It was a relatively straightforward adaptation for military pur-
poses of a widely-known scientific technique, which explains why this
adaptation—the development of radar~took place simultaneously in
several different countries.*

The statement is true of radar development in Cngland. There, as will be discussed in a later chapter,
Robert Watsun-Watt did develop his first radar directly frum existing ivnuspheric measuring devices *
And it seems that it ought to be true of the development of radar at NRL, for, after all, NRL had been
deeply involved in the first pulse measurements of the ionosphere in America. Yet it is not true. Leo
Young later remarked on this point,

A good many publications and information out indicates that leaviside
layer [ionospheric] reflections were the beginning of radar. Well, this
was not the beginning of radar insofar as my viewpoint 1s concerned. It
was a very good background—I was working on it, others at the Labora-
tory were working on it. Yet, there was no one who came up with the
idea of using pulses of very much shorter time and getting echoes from
very much smaller objects [than the ionosphere], which was necessary
for military use....While it was a very good background, I don’t believe
it was radar.%!

%G. Breit and M.A. Tuve, "A Test of the Existence of the Conducting Layer,” Plysial Review 28 (1926). 555. Tuve gives an in-

teresung (although somewhat flawed) retrospective view of the expenments and thewr relaton to the development of radar in

';s.arly Days of Pulse Radio at the Carnegie Institution,” Journal of Atmosphc « and Terrestrial Physis 36 (Dec. 1974) 2079-2084.
Breit and Tuve, op. cit. (note 56), p. 575.

::Guerlac, op. cit. (note 37), pp. 302 and 303
Ibid., p. 304.

|Slr Robert Watson-Watt, The Pulse of Radar (New York. Dial, 1959), pp.55-59, 427-434, and especially 492.
Young's taped reminiscence (note 1)
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The development of radar at NRL did not evolve directly from the work on ionosphere measure-
ments. In fact, the first attempts to build radar equipment did not rely on pulsed radiations at all but
on continuous waves. Like NRL's general research in high-frequency commiunications, the jonospheric
measurements were, as Young said, only a good background. The remainder of the story is much more
complex than Gueslac's conclusion indicates.




5. FROM THE BEGINNING QF THE PROJECT TO THE FIRST TEST (1930 to 1934)

ORIGIN OF THE RADAR PROJECT

June 24, 1930, was a standard summer day in the District of Columbia. hot, muggy, and miser-
able. But at NRL, Leo Young and Lawrence Hyland ignored the conditions and went outside to test a
high-frequency direction finder that had been designed and built by the Radio Division ' In the course
of their investigation, Hyland made a fateful discovery, one that would lead to the establishment of the
radar project. Young later described the event as follows:

We were conducting experiments relative to guiding planes into a field
by using high-frequency beams. We had built quite a number of beams
for communications purposes, various frequencies, and various
numbers of elements, so we had a pretty good idea of what beams were
all about..We had built a [fixed] beam that was directed
vertically...[and] had [both] a horizontal and a vertical beam working
around 30-some megacycles. We were flying a plane determining just
what effects were in the air when the plane was trying to follow these
beams and what-not.

In making some field measurements on this set-up, Mr. L.A.
Hyland...had field strength equipment out at what is now the lower end
of Bolling field, just north of the Laboratory. And of course, as soon as
planes began flying around, he noticed the meter bobbing all up and
down. Since we were using quite a bit of power, the field strength
direct to the equipment was rather low, but up to the planes was rather
high, so we got a good reflection off planes. This gave a good interfer-
ence pattern, or doppler effect.

[Hyland] determined that he ‘vas getting some sort of effect from
planes that flew through those beams. When he came in he immedi-
ately brought it to our attention, and of course, we immediately realized
that we were getting the same effect from planes that we had from 2
ship back in 1922. So this warmed the subject up again.2

It was no surprise that airplanes reflected high-frequency radiation. this conclusion followed
directly from the basic principles of electromagnetic-wave propagation. What was startling was that the
reflections were powerful enough to cause a discernible interference pattern in a distant receiver.

" There are several good soutces on the discovery of 1930. The unly wntempurdary souree s a letter Taylor wrute several months
after the event to the Bureau of Engineeririg, from NRL to the Chef of the Bureau of Engineering, Nov. 5, 1930, whih .uay be
found i the file "Nov-Dec 1930," box 12, papers of S.C. Hooper, Library of Congress Manuscript Division. Surprisingly, the
offiuial vopies of this correspondence are missing from both NRL records and Bureau of Engineering files. The discovery 1s also
discussed by L.C. Young in a taped reminiscence he made in 1953, which 1s on reels 150 and 151 in the collectton "History of
Radio-Radar-Sonar™ that is part of the Hooper papers. Taylor wrote about the event retrospectively in Radiv Renumiscences
(Washington NRL, 2nd printing, 1960), pp 155 and 156. Henry Guerlac discussed it in Radar i World War 1l tunpublished his-
tory of Division 14 of the National Defense Research Committee, 1947), pp. 86-91

2Young’s taped reminiscence (note 1).
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Hyland, Young, and Taylor, who was quickly informed of the discovery, now realized that radio detec-
tion equipment might be capable of detecting aircraft as well as ships. And since the airplane was
rapidly developing into an important instrument of war, this was a significant addition.

Instead of reporting their findings immediately to the Bureau of Engineering, the men conducted
further experiments on their own over the next several months, whenever they had a bit of free time.
They always used the same receiver, a "super-regencrative type comprising a strongly osc:llating
detector, a super-audible variation oscillator, and one or two stages of audio-frequency amplification,™
but they modified the transnmtter in different tests. They tried different antenna shapes, which gave
waves of various polarizations. They used different frequencies: the earliest work was at 32.8
megahertz, and later they went as high as 65 megahertz. In some instances, they moved the equipment
o locations away from the Laboratory, in one, they drove the receiver around in an automobile to
simulate conditions on a naval vessel. Even then they were able to note the interference.

By late fall, Taylor was ready to inform the Bureau of Engincering about their investigation On
November 5. he sent a detailed, 11-page letter complete with diagrams and full descriptions of the
experiments they had done. e argued,

It should be clear from what has been said that the echo signal from a
moving object would, if it alone affected the receiver, be a more or less
constant signal, but varying slightly and very slowly in intensity as the
position of the plane shifts. Such an effect would be of no great use.
Unquestionably such an effect occurs, but such variations in signal as
are due 1o it are too vague and too slow to be of any practical use. The
body of this report shows clearly, however, that what we have observed
is a combination at the receiver of two wave fronts, one of which is the
direct wave with a second wave which is reflected or reradiated (if you
will) from the moving object. This produces an inter{erence effect, the
pattern of which is rapidly changing us the relation of the two waves
varies while the moving object proceeds on its path.?

Taylor hoped that this varying interference effect could be exploited to determine the velocity of the
moving object and outlined briefly his thoughts on the possibility. Then he concluded the letter,

The Laboratory has at present two definite objectives in this work: the
first is to detect the presence of moving objects in the air or on water,
possibly later even on the ground, at such distances that their detection
by other weli-known methods is difficult or impossible. It may te
remarked that the personnel piloting any moving object would probably
not know that any observations were being taken upon them. Second,
to develop as a byproduct of the principal investigation as a check on
the validity of the general theory of the same, a method of measuring
the velocity of moving objects at great heights or at considerable dis-
tances, or on the surface of the water....

Much more work remains to be done with transmitter and receivers
very close together. It is hoped that the next report will have some-
thing of interest on this particular point. It is not desired in this report
to give the Bureau the impression that the work is anything like in a

MTaylor letter (note 1)
*lbud.
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finished state but it does appear to this Laboratory o be far enough
advanced to warrant much further and intensive investigation over a
considerable period of time.’

In sum, Taylor’s lengthy report officially told the Bureau of Engineering that NRL might be able
to build equipment that could detect and determine the velocity of aircraft and ships at significant dis-
tances. Additionally, the letter showed that the Radio Division intended to continue its investigation,
in some form, with or without encouragement. Taylor obviously hoped for Bureau sugport, but NRL’s
relatively independent position and the availability of general research funds from the direct Congres-
sional appropriation meant that such support was not absolvtely imperative, as, for example, it had
been when he and Young made their earlier discovery in 1922 while working at the Naval Air Station.
Yet, at the same time, Taylor knew that unless he obtained approval, any project undertaken would
have to be very limited.

As before, response to the discovery at the Bureau of Engineering was unenthusiastic, despite
Taylor’s detailed experimental results and glowing predictions.® To help strengthen his petition, the
Acting Director of NRL, E. D. Almy, wrote to the Bureau on January 16, 1931,

The Director considers [this] subject matter of the utmost importance
and of great promise in the detection of surface ships and aircraft. No
estimate of its limitations and practical value can be made until it has
been developed. However, it appears to have great promise and its use
lappears to be] applicable and valuable in air defense, in defense areas
for both surface and aircraft and for the fleet or the scouting line.’

In answer to these letters, the Bureau of Engineering finally established two new problems at
NRL. The first was assigned on November 25, 1930. Labeled problem B1-1, it authotized the Labora-
tory to make "experimental investigations of high and super frequency directional transmitting antenna
systems of the types possibly applicable for Naval use."® ("Super frequencies’ being in the region now
commonly known as "very high frequencies’ (Table 3, Chapter 4). Although the primary purpose of
the problem was not to study radio detection, it did include some support for it. The specification said,
"The Bureau is particularly interested in the possibilities [of such antennas] for handling secret Fleet
communicadons, and in connection with problem W5-2 (use of super-frequencies to detect presence of
enemy vessels or aircraft)."’ The second problem established was W5-2 itself. Formal authorization
for it came on January 19, 1931 —soon after Almy’s letter had been sent. The specification ordered the
Laboratory to "investigate [the] use of radio to detect the presence of enemy vessels and aircraft,” and
went on to say "cspecial emphasis is placed upon the confidential nature of this problem. v1o

By making these two authorizations, particularly the second, which became the official sanction for
almost all the early radar work, the Bureau had finally agreed to sponsor a project on radio detection.
This action, however, did not mean that a significant amount of money and manpower would immed:-
ately be invested i it. No funds were allocated to hire new employees; no man on the staff was even

$fbid
®This conclusion 1s based largely on circumstantial evidence in the sources cited in note 1, since there 1s extant no definite record
about the Bureau’s response Confirmation by someone in the Bureau at the time, however, .nay be found on pp 6-8 in the
notebook "Electronics History, Volume II' by S.C Hooper in box 40 of the Hoopes papers {(note 1) Hooper there admits that he
d"ld his colleagues did not see the importance of radar 1n its early stages of development and did not support it strongly

"Letter from NRL to the Bureau of Engineering, Jan. 16, 1931, n file C-S67-5 #1, box 31, records of NRL, Cunfidential series
(now Unclassifted), record group 19, National Archives Building.

Smemem of problem Bl-1, Nov 25, 1930, in file C-567-5 #1 (note 7).

% 1bud.

USatement of problem W5-2, Jan. 21, 1931 {active date Jan. 19, 1931) n file C-Su7-5 #1 (note 7).
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assigned to the effort full time. Radio detection simply had to compete with other work for the limited
capabilities of the existing staff of the Radio Division. For several years, the project would be
overshadowed by other investizations that had higher priority.

Before any form of equipment wouid become a reality, many technical problers had to be solved.
The nature of the work was inherent in the letter Taylor had written to the Bureau on November 3. it
would be "engineering research."!" That is, using the principles he had outlined, NRL would immedi-
ately begin trying to design a practical device. Taylor and his associates believed that this was feasible
with existing knowledge and available radio components.'> Their investigation was to focus on the
interference patterns that objects caused in contin.wus-wuve radiations, not on the echoes of radio pulses.
Thus even though the men had the experience of using pulses in sounding the ionosphere some 5 years
earlier, they were following a different method in their initial efforts to build radio detection equipment.
In essence, they planned to exploit their discoveries of 1922 and 1930, which had given expenimental
proof that the continuous-wave method would work.

RESEARCH ON CONTINUOWJS WAVES

For the first 3 years of the project, from 1931 until early 1934, all experimentation focused on the
continuous-wave, or doppler, method. Extant records about research in this period are few and hazy,
but they do disclose both the principal progress that was made and the continuing difficulties encoun-
tered.

In December 1931, the Navy dirigible AAron was sent to the Laboratory for use in calibrating
high-frequency direction finders. Taylor and his associates used the opportunity to test one of the prin-
ciples involved in radio detection. Through experimentation, they learned that the large dirigible would
reflect radio signals of frequencies as low as 1.4 megahertz but that a much smaller Curtiss Condor
transport plane would not. As they reported to the Bureau of Engineering, this confirmed their view
that the wavelength of the radiation employed had to be the same order of magnitude as the objects to
be detected.” Indirectly, the letter also showed that not too much effort had been devoted to the proj-
ect. Indeed, when writing later in December, Taylor admitted, "...the pressure of other problems has
somewhat prevented the active exploitation of the [problems on radio detection, Bl-1 and W5-2).""¢

Soon it became clear that the greatest difficulty in building eyuipment would be designing some-
thing that could be used on board ship, that is, with the transmitter and the receiver close together.
The experimental se.s that were built during the first 1-1/2 years would work effectively only when the
Jansmitter and the receive- were widely separated. A device of this type was of little use to the Navy.
Unless NRL could learn how to design shipboard equipment, the whole project would soon have to be
dropped. Such were the constraints on a Navy laboratory, especially in these lean years.

Nonetheless, Taylor knew that the development, if not appropriate for the Navy, might be valu-
able to others, in particular to the Army. In accord with this thought, he drafted a letter for the Secre-
tary of the Navy that was sent to the Secretary of War on January 9, 1932. It officially informed the
Army of NRL’s investigation and Taylor’s conclusions about it. The letter read in part,

For the past eighteen months there has been under investigation at the
Naval Research Laboratory, Bellevue, Anacostia, D.C., a system for
detecting moving objects, especially aircraft, by use of echo signals
from radio transmissions....

iTaylor elaborates on this term in the quote in the preceding chapter where note 29 applies.
Taylor, Radio Remumscences (note 1), p. 190.

13 etter from NRL to the Bureau of Engineering, Dec. 14, 1931, in file C-567-5 #1 (note 7).
MSecond endorsement, NRL to the Bureau of Engincering, of letter C-F42-1/67 (4574) in file C-S67-5 #1 (note 7).
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Certain phases of the problem appear to be of more concern 1o the
Army than to the Navy. For example, a system of transmitters and
associated receivers might be set up about a defense area to test its
effectiveness in letting the pacsage of hostile aircraft into the area !

Actually, as will be discussed further in Chapter 9, the Army’s Signal Corps had known about
NRL's work since at least December 1930 but had taken no steps to initiate its own radio detection
project. The main purpose of the letter, therefore, seems to have been to stimulate action at the
highest level. Within a matter of months, the Army did initiate its own radar project, partly, but not
solely, due to the Navy suggestion.

After making this communication, NRL continued to work on radio detection, but only sporadi-
cally. A report written in July 1932 stated,

Some scattered observations of great interest have been made between
ship and ship and between ship and shore on superfrequencies and at
moderate distances not in excess of one mile which show that the pas-
sage of an intervening ship, in this case a tug, between transmitter and
receiver is very distinctly observable...Under certain special conditions,
airplanes in motion have been detected when they were nearly 50 miles
distant from the transmitter. Su far the effects from moving objects in
the air are much more pronounced than those on the surface of the
ground or on the sea, but comparatively little work has been done on
the latter end of the problem.'®

In short, more test equipment had been built and experimentation continued with some significant
successes—like the detection of aircraft at distances up to 80 kilometers (50 miles) —but no practical,
shipboard equipment was being designed.

A report of a year later showed that not much more had been accomplished. It also displayed
some of the difficulties involved in assigning men to work on the problem. Leo Young wrote 1o the
Bureau of Engineering,

Up to the time of the furloughing of the engineer in charge of this
work, satisfactory progress had been made, particularly with reference
to different types of receivers, recorder systems, etc. The special
receiver mentioned under investigation of super-frequencies for limited
range communication [in another part of the report] is being tested and
adopted for work on the location of moving objects in the air and on
the ground. Only one man is now available (o carry on both of these
projects.”

In the margin of the report is penciled "B" to indicate that the radio detection problem had priority B,
or, in other words, that if was classified as only "active" rather than "urgent." Following this report,
extant records show littie further progress until early 1934,

One important event did occur in the meantime, however. In March 1933, Carl L. Englund,
Arthur B. Crawford, and William W. Mumford of the Bell Telephone Laboratories published a long,

VSLetter from the Secretary of the Navy to the Secretary of War, Jan. 9, 1932, 1n file C-567-5 #1 (note 7).

16 Report on problem WS5-2, 1 July 1932, m file C-567-5 #1 (note 7)

l7Report from NRL to the Bureau of Engineering covering the quarter ending June 30, 1933, dated July 15, 1933 in file C-A9-
4/ENS, box 3, records of NRL, Confidential series (now Unclassified), record group 19, National Archives Building.
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detailed artile entitled "Some Results of a Study of Ultra-Short-Wave Transmission Phenomenra,” in
the Proceedings of the Institute of Radio Cngmeers.'® There, for the world to read, were the same
discoveries that stood at the basis of NRL's classified work on radio detection. In their account, the
Bell engineers explained that by using very-high-frequency radin waves (Table 3, in Chapter 4), they
had ubtained reflections from trees, buildings, and mountains, and that these reflections caused charac-
teristic interference patterns in their receiver. They even noted reflections from airplanes

It is well known that the motion of conducting bodies, such as human
beings, in the neighborhood of ultra-short-wave receivers produces
readily observable variations in the radio field. This phenomenon
extends to unsuspected distances at times. Thus, while surveying the
field pattern in the field described above, we observed that an airplane
flying around 1500 feet (458 meters) overhead and roughly along the
line joining us with the transmitter, produced a very noticeable flutter,
of about four cycles per second in the low-frequency detector meter.!?

After reading this, Taylor, Hyland, and Young realized that the confidentiality of their work was
compromised, and they yuickly began thinking about patent protection. They submitted an application
on June 9, 1933. On November 7, 1934, they would receive patent 1,981,884 on a "System for Detect-
ing Objects by Radio." It covered the idea of using interference patterns in radio receivers as a means
of detecting and locating objects both in the air and on the surface of the earth. the plan they worked
on from 1931 to 1934. The patent made no claims, however, about the ability of the system to deter-
mine velocity, which implies that NRL had not yet been able to develop this capability.2

The published article and the patent made openly available the basic principles of continuous-wave
radar. Fundamental knowledge and working equipment, however, are quite different, as was clear from
NRL’s continuing difficulties in designing practical sets for naval use. Consequently, it was decided
that the radio detection project should be kept confidential.

As we have seen, NRL's initial efforts were hampered not only by the technical difficulties
imolved 1n designing eyuipment suitable for ships, but also by problems of finance and priority To
some extent, the reluctance of the Bureau of Engineering to give the project strong support reflected
the pressure being placed on the Bureau itself. Money for all Navy expenditures was extremely limited
The early 1930s were, of course, the depths of a great depression. Moreover the international treaties
limiting naval sxpenditures that had been signed in the 1920s were still in effect.?’ Paying for the
building and eyuipping of new ships was difficult enough without the drain of other expenses

Yet, beyond these general causes, the low level of Bureau support also displayed a definite lack of
interest in long-range research. Naturally, this deeply concerned the stafl’ at NRL. In late 1931, Cap-
tain Edgar G. Oberlin, then Director of the institution, wrote a letter to the Secretary of the Navy criti-
cizing this attitude. In one section, he related it to the development of radar as follows'

In the detection of airplanes and probably ships by radio, although this
was found feasible over a year ago, it has been impossible to secure
bureau support for the further development of this vitally important
problem by reason of the fact that its military value will find more

' Volume 21 (1933). 464-492,
19 Ibud., p. 475,

kile on patent 1,981,884, box 167, job order 60A-702, record group 241, revords of the U 5. Patent Office, Washington Nation-
al Records Center, Suitland, Md.
See Donald W Mitchell, History of the Modern American Navy, From 1883 Through Pearl Harbor (New York Knopf, 1947), and
Stephen Roskill, Naval Policy Between the Wars, vol 1 (London Collins, 1969).
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ready understanding and appreciation from higher command afloat or
from a broad conception of national defense than in a crowded bureau
schedule where available funds for development and equipment are
already over obligated and primary bureau emphasis is placed on radio
as a means of communication. On the other hand, recent discoveries
which affect radio transmission were immediately taken up by the
bureau as they showed a means of meeting a long recognized need and
perhaps of effecting considerable economies. The last example further
supports the contention that the bureaus’ immediate financial interests
are the controlling factor in their use of funds available.2?

This passage shows that Oberlin was deeply concerned about why the pace of progress on radio
detection was so slow. llis letter as a whole, however, addressed an even larger problem. He was
expressing strong opposition to an effort then being made by the Bureau of Engineering to gain com-
plete control of NRL and its operating policies. He believed that if .his maneuver was successful, it
would mean the death of advanced scientific and engineering research in the Navy—the death of all
long-range projects of which radar was but one example.

Fig. 9 — Captain Edgar G. Oberlin, who served as NRL'’s first Assistant Director and
later its sixth Director, put up a determined fight to prevent a takeover of the institu-
tion by the Burcau of Engineering.

THE BUREAU OF ENGINEERING TAKES CONTROL

Oberlin learned that the Laboratory was being transferred to the Bureau of Engineering in a some-
what shocking way. One Saturday morning, a low-ranking official simply walked into his office with
instructions to start taking over. Soon Oberlin found out that the transfer had been engineered by Cap-
tain Stanford C Hooper, the Director of Naval Communications, and his superior, Admiral Samuel M.

n Letter from NRL to the Secretary of the Navy, Nov. 2, 1931, in file Al, box 1, job order 7184, record group 181, records of
NRL, Washington National Records Center, Suitland, Md.
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Rubinsun, Chie)” of the Bureau of Engincering.’’ He later explained the situation to a friend in «his
way,

One morning a clerk from Engineering dropped in and told me that the
Laboratory had been placed under the Bureau of Engineering. Further
investigation showed this had been accomplished within the space of
one day several days previously. | have since learned that the matter
had been discussed secretly for some time and then that Hooper had
given Robinson a memorandum recommending the Laboratory be con-
verted into a glorified test shop and turned over to the Burecau of
Engineering; that Robinson on 14 October [1931] had prepared a
memorandum for C.N.O. [the Chief of Naval Operations], to which he
had secured the approval of C&R [the Chief of the Bureau of Construc-
tion and Repair], Ordnance {the Chief of the Bureau of Ordnance], and
Aeronautics [the Chief of the Bureau of Aeronauticsl, and on the
morning of 15 October the Secretary of the Navy approved this
memorandum which placed the Laboratory under the Bureau. Natur-
ally, 1 felt quite hurt that all such underhanded action had been taken
without my being consulted or advised officially, and 1 was tempted to
hang both Robinson and Hooper. But after cooling down a bit, 1
decided to do the sensible thing and that was to ignore any personal
slight I may have been given and fight the question on its own merits.
I must admit, though, that Robinson’s action was quite a disappoint-
ment to me.2*

Oberlin’s description of what happened is no exaggeration. The decision to transfer the Labora-
tory was indeed made very yuickly and was based largely on the reasvning Houper presented in his
memorandum to Robinson. The document read in part,

In confirmation of our discussion yesterday on the subject of Bellevue,
my feeling is that if the Laboratory is to be retained by the Navy it
must be administered directly under a Bureau, otherwise the cost of the
Laboratory will continue to mount out of all bounds, and the Labora-
tory become so headstrong that little good for the Navy will come out
of it. The part research plays in assisting our Navy to a place superior
to other navies must be attained through the use of our great commer-
cial laboratories (in which this nation surpasses) and the Navy can
never hope to own a laboratory commensurate with these. My
experience has been that having Bellevue as a research laboratory actu-
ally hinders making full use of the commercial laboratories and that
there is a spirit of competition between the two which results in feeling
against the Navy.

Frankly, I have never been able to get the results desired from Bel-
levue, and we never will get these results because we cannot possibly

: spend enough money there, so, insofar as research is concerned, |
3 would favor abolishing the Laboratory, except that [ would keep a few
- high-class research technicists [sic] (perhaps six) there to act as liaison

2 Draft of a letter from £ G Oberhin to the Secretary of the Navy, Oct. 19, 1931, LG Oberlin papers, Naval History Founda-
tton, Washington Navy Yard, Washington, D.C.

A etter from E.G. Oberhin to Capt. A.T Church, Dec. 16, 1931, Oberlin papers (note 23). The Navy order plaving NRL under
the Bureau of Engineering was issued on Nov 3. It is here reproduced in Appendix B
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between the Bureau and the commercial laboratories, for the sole pur-
pose of keeping in touch with specific research problems which the
commercial laboratories are working on.?*

In lis own memorandum to the Chief of Nuaval Operations requesting that the Laboratory be
transferred, Robinson added only that NRL's relatively independent administrative position was both
poor financial management and an afTront to the Navy’s bureau system of organization 2 The approval
of his suggestion by other Navy officials followed just as Oberlin described.

Thus did the basic purpose of NRL and its proper place in the Navy Department once again
become ymportant issues. During World War I, debate about them had split Edison from the other
members of the Naval Consulting Board and had delayed construction of the Laboratory In 1923, the
matter had been resolved by naval officers, but their primary consideration had only been putting NRL
mnto operation, not setting forth a well-conceived, long-range policy. Now the entire subject had o be
reconsidered. This would involve far more than the quick action taken by Hooper and his supporters,
for Oberlin was determined not to give up the Laboratory’s independence without a fight

+Ithough he had been surprised by the takeover, Oberlin knew well that difficulties between NRL
and the Bureau of Engineering had arisen previously. As was noted in the previcus chapter, Hooper,
who had been deeply involved in getting NRL into operation, had been sent to sea from 1923 to 1926,
the first three years of the Laboratory’s activity. Upon his return to the Radio Division at the Bureau,
he was unhappy with the way the leaders of the Laboratory, including Oberlin, who was then Assistant
Director, were running it. In March 1927, a major disagreement had broken out. Just as he would
contend later, Hooper argued then that the Laboratory was too interested in using the Bureau’s money
1o do speculative research rather than to solve the Bureau’s problems and that it thus was doing work
that was better left to private companies. To get his point across, he called top Laboratory officials to a
meeting at the Bureau, dressed them down, and explained that new policies would be put into effect to
make NRL more responsive to the Bureau’s needs. The Laboratory replied to this meeting with a
lengthy, self-justifying memorandum to the Chief of the Bureau of Enginearing; Hooper countered with
a memorandum explaining his own point of view. The Chief, Rear Admiral John Halligan, then cooled
the situation ofl and left matters as they were.” In 1931, with a new man in charge of the Bureau,
Hooper had once again pressed to change the relation between it and the Laboratory This time he had
succeeded.

Hooper’s views on the relation between NRL and commercial laboratories were based on more
than just his own feelings. The Bureau had, in fact, been receiving some complaints that NRL was
competing unfairly with private industry. On a particular level, the complaints usually related to
patents. NRL empluyees were given comimercial rights to all patents they received, and most of the
members of the Radio Division were trying to use this privilege to make extra money. For a while,
one small outside firm even had a standing offer to buy commercial rights on patents held by NRL
radio engineers, rights it would then try to resell for profit.?® Radio companies argued that they should
not have 1o pay for using patents resulting from tax-supported research. Moreover, the situation made

Memorandum from Capt. 5.C Hooper to Adm. S M. Robinson, Oct. 10, 1931, in the file "Sept-Oct 1931," box 13, Hooper pa-
rs (note 1).
g?’Memorandum from Adm. S.M. Robinson to the Chief of Naval Operations, Oct 14, 1930, Oberlin papers (note 23)
See the memorandum from A.H. Taylor, Harvey C. Hayes, and Lynde P. Wheeler 1o the Chief of the Bureau of Engineering,
Mar 19, 1927, and the memorandum from the Chief of the Bureau of Engineering to NRL Apr 4, 1927, both in the Oberlin pa-
pers {note 24), and also see the memorandum from S.C. Hooper to the Chief of the Bureau of Engineering, Mar 26, 1927, in

the file "March 1931," box 13, Hoooer papers (note 1)

%Transcript of a tape-recorded interview with Dr. Lows A. Gebhard, Sept. 12 and 19 and Oct. 3, 1977, in the Historian's office,
NRL, Washington, D.C., p. 21, transcript of a tape-recorded interview with Dr. Robert M. Page, Oct 26 and 27, 1978, in the
Hhistorian’s office, NRL, Washington, D.C, pp. 158 and 159, memorandum from Capt. Theelen (?) to the file, Aug 15, 1927,
Oberlin papers (note 23),
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them somewhat leery of cooperating fully with NRL or disclosing new ideas to the Laboratory, for fear
that rights to them would have to be bought back later.

Beyond this specific competition, there was a more general rivalry. Private radio companies had
always sought to sell their products to the Navy, but the importance of its business fluctuated Just
after World War I, the companies concentrated on the booming public market and gladly left most
Navy radio research and development to NRL. As the firms grew and prospered, however, Navy con-
tracts began to look increasingly attractive, and NRL began to seem a threat. The depression aggra-
vated the situation by making Government business even more desirable.??

Thus some tension did exist between the Laboratory and private industry. Extant records, how-
ever, indicate that it was never very great. NRL never manufactured more than a small amount of radio
equipment and never attempted to replace private laboratories. It had no desire to foster a strong spirit
of competition with the companies on which it relied to get its new equipment produced. The stated
Laboratory policy was 10 restrict research and development to subjects of special interest to the Navy
that were not being explored adequately by industry, and the evidence seems to show that generally this
policy was followed. Hooper's argument, then, appears to have been based more on possible conflicts
rather than on actual ones.

After learning of the takeover of NRL, Oberlin was quick to unsheathe his sword. On October
22, 1931, he wrote in a memorandum to the Chief of Naval Operations: "In my opinion it would be far
preferable to close down the Laboratory entirely as a research activity than transfer it as such to any
Burse(:)au." He then recommended that the entire matter be studied further by some disinterested author-
ity.

On November 2, at the request of the Secretary of the Navy, Oberlin wrote another memorandum
amplifying his position. In it, he argued that NRL should be left as it was. First, he said that moving
the Laboratory would eventually mean the end of research. Its function and that of the Bureau,
although interrelated, were very different. Inevitably, the Bureau would replace research with engineer-
ing projects. Second, he said that the Navy needed an institution like NRL to serve as a basis for any
wartime expansion that might be required. If the Laboratory were under a single Bureau, it would not
be able to meet fully the research needs of the entire Navy Department, and the result would be confu-
sion similar to what had existed in World War 1. Third, he disputed the charge that NRL did not give a
good return for the money it spent. This accusation, he declared, had been made without documentary
evidence and could not be substantiated. Finally, he rebutted Hooper’s claim that private industry
could do all the Navy’s research. He wrote,

I would point out that in times of depression, commercial companies
are eager to get naval work, but that in times of prosperity, an entirely
different condition exists. This is true as regards bidding on naval pro-
posals, out it is even more true as regards research. Unless the Navy
can be assured that it can obtain satisfactory and necessary research
work at all times, under all conditions, and at a reasonable cost, it is
not warranted in taking the hazard involved, which alone warrants
expenditures for a research organization.’!

98See, for example, L.S. Howeth, History of Commumcations-Electronics i the United States Navy (Washington: GPO, 1963), ch 34
**Memorandum from E.G. Oberlin to the Chief of Naval Operations, Oct. 22, 1931, in file Al (note 22).
'Memorandum from E.G. Oberlin to the Secretary of the Navy, Nov. 2, 1931, sbid.
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After receiving the letter, the Seutretary referred the matter to the General Board of the Navy “for
study and recummendation as o the pulicy which should be pursued with respect to the Naval Research
Laboratory, its proper functions and its proper position in the naval establishment."*

The General Board was the highest and most important advisory body in the Navy Department.
Formed in 1900 by Secretary of the Navy John D. Long, it had, over the yeuars, made studies of a wide
variely of subjeuts, many of them related to administrative problems. It consisted of top-ranking
uofficers whu were nearing reticement, and who thus were unlikely to be influenced by thoughts of their
own careers as they advised what was best for the Navy3}

When studying NRL, the men made a thorough investigation. They visited the institution {u get
a first-hand understanding of its operation. They ordered accumulation of information that explained
its policy, activities, and history. Finally, they held two days of hearings in January 1932, during which
representatives of the Laboratory, the Burcau of Engineering, and all the other Bureaus had an oppor-
tunity to express their opinions.

Most of the arguments the Board heard had been made befo.e.™®  Admiral Robinson contended
that NRL's position under the Sccretary of the Navy was contrary to the Navy Bureau system. The
transfer was basically an administrative matter, he said, and should nut be seen as a threat to the
Laboratory s research activities. Oberlin repeated his worries about the change and claimed that having
a yudlified naval officer in charge wdas as good insurance that NRL would be properly managed as was
administration by . Bureau. Hooper again stressed that NRL was doing tasks tha! would be better per-
formed by industry. Under pressure, he stated yuite clearly his views about research work at the
Laboratory:

Admiral Bristol: 1 want to get down to whether you believe in a
research laboratory or not.

Captain Hooper: Not a research laboratory for the Navy. [ don’t
believe that the men who originally recommended
this had the slightest idea of how our work was
organized.

Later Hooper recommended that after NRL had been put under the Bureau of Engineering, the
Radiv and Sovund Divisions should be restructured so that most projects would be "design and model
work.” Research would be very limited. "four or five of [the employees in the Radio Division could do]
1esearch and go daround and keep in touch with the commerdial laburatories and report directly to the
Burcau on that. Then you muy niced a fow mcn to heep similar contro! for such things as hcat, light,
and sound."%

On February 9, 1932, the board issued its opinion. Although it incorporated points made by
representatives of both NRL und the Bureau of Engineering, 1t was most favorable to the arguments
Oberlin had presented. The ruling stated in part,

The Board believes that the present questions concerning the Naval
Research Laboratory have arisen by reason of a departure from the ori-

325econd endorsement to Oberlin’s letter, ibid.

YRear Admural Julius A. Furer, Admuustration of the Navy Department m World War 11 (Washington. GPO, 1959), pp 107 and
108.

u"Hcanngs of the Ceneral Board of the Navy, 18-19 January 1932, in the buund volume for 1932 in the Operational Archives,
Naval History Division, Washington Navy Yard, Washington, D.C.

¥ tbid., p. 111.
3 1bid., p. 135.
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ginal purpose for which it was established. Instead of being engaged
solely in research and attendent experimental work, its activities have
been extended to include service test work and even production. This
expansion, to the detriment of rescarch, had been brought about by
undertaking production in an attempt to supplement maintenance and
reduce overhead. This condition now exists to such an extent that test
and production work for the Bureau of Engineering constitutes a large
portion of the Laboratory's activities....

The Navy...requires a rescarch organization capable of maintaining an
active liaison with the rescarch activities of the nation and of prosecut-
ing research along certain lines not paralleled in American industry.
Both these requirements can be met by a naval research organization
based upon the Naval Research Laboratory. The board believes that
the sole purpose of the establishment of the Laboratory was to conduct
such activities. A research laboratory under naval control will also
more surely preserve the secrecy of certain developments the publica-
tion of which would be prejudicial to national defense.’

As an administrative location for the institution, the Board recommended the Office of the Chief
of Naval Operations. Since the CNO had general cognizance of all the material needs of the Mavy, he
had appropriate governing authority. At the same time, his office stood above all the bureaus, so the
Laboratory would be able to function as a general research organization.

When this recommendation was routed to the Chief of Naval Operations, however, he disagreed,
saying that his office lacked the administrative machinery to oversee the Laboratory and that it wouid
be preferable to keep it under the Bureau of Engineering.”® On February 24, 1932, the Secretary of *he
Navy endorsed that proposal.®

The investigation by the General Board, therefore, did not change the decision to put the Labora-
tory under the Bureau. Yet it did have an important effect. By supporting so strongly the dedication of
the Laboratory to research, the Board helped insure that, in the future, research would remain its prin-
cipal function. To this part of the recommendation the Secretary had agreed. Indeed, the Board’s opin-
1on became the busis for the official mission statement of the Laboratory that would be used until the
1950's. "to increase the safety, reliability, and efficiency of the Fleet by the application of scientific
research and laboratory experimentation to Naval problems.”

After the investigation was over, Oberlin continued his fight. Realizing that the Subcommittee on
Naval Appropriations of the House of Representatives Appropriations Comimitiee would discuss the
matter to some degree, he sought to make their deliberations a full-scaie inquiry. For assistance, he
called on members of the inactive, but still existing, Naval Consulting Board.

Miller Reese Hutchinson, the man who had been Edison’s chief assistant and served with him on
the Board, had a particular interest in the matter and was most willing to help. In addition, he was a
friend of Congressman William Oliver, a member of the Appropriations Subcommittee On February
12, 1932, Oberlin wrote :lutchinson outlining the strategy to be followed. He said in part,

"Memorandum from the General Board to the Scretary of the Navy, Feb 9, 1932, in the folder on issue 410, records of the
General Board of the Navy, Operational Archives Branch, Na.al History Division, Washington Navy Yard, Washington, D C

“¥Memorandum from the Chief of Naval Operations to the Secretary of the Navy, Feb. 24, 1932, Oberlin papers (note 23).
IMemorandum from the Secretary of the Navy to the General Board, Feb. 24, 1932, ibid.
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I just returned from seeing Congressman Oliver. 1 reminded him of
your desire to sece him, and he supgested that you come down week
after next. e then said he had noticed the change of the Laboratory
in the appropriation bill and had intended to contact me to find out
what it was all about. 1 told him I was not in [a] position to discuss the
matter, but that my personal opinion was [that] the change was a deadly
blow to scientific advancement in the Navy and would practically de-
stroy the purpose for which the Laboratory was originally established. |
added that this was a matter you wished to discuss with him, that the
Consulting Board took a keen interest in the Laboratory....Mr. Oliver
said he wanted to see you and would be glad to arrange for you to
present your views to the whole commiittee. 1 stated that probably you
and Mr. Sprague as well would like to appear before the committee. ¥

On February 25, Hutchinson wrote a letter to Representative Oliver mentioning severel puints he
would like to bring out in the hearing. le stated that the present move by the Bureau of Engineering
wds contiary to everything the Naval Consulting Board had wanted and contrary tu the research practice
followed in industry. He summarized, in the name of the whole Consulting Board,

We contend, Mr. Oliver, that Congress made the original appropriation
with the distinct understanding that the Naval Research Laboratory
would be maintained as a separate entity. In fact, if I mistake not, it
was specifically understood that the Commanding Officer would rank as
Rear Admiral, just to prevent that which Steam Engineering now is try-
ing to effect.”

Before the hearings tock plece, another significant event occurred. On March 1, Captain Oberlin
was discharged from his position as head of NRL. lle was to continue as "Technical Aide to the Secre-
tary of the Navy,” but this job had litile importance when separated from the directorship of the
Laboratury. The action was almost inevitable, given Oberlin's strong stand against the transfer, because
he could not now be expected to serve faithfully under the Bureau of Engineering. Yet when Hutchin-
son heard the news, he was furious and dashed off a letter Congressman Oliver:

Of all the——things to do! Here is one Naval officer who is pre-
: eminently fitted by temperament, genius, broad-mindedness, technical

training, long experience and proven executive ability to carry on the

work of this Laboratory. They will probably substitute some gold laced,

decorated, numb-skull, who will drift in at 10 AM and leave at 4 PM.

with an hour out for lunch, who knows nothing of the problems in
\ hand and who will disrupt the whole civilian personnel, thereby literally
' wasting thousands of dollars thus far expended on this work in hand.

Mr. Edison was afraid of some such fool performance, when first he
conceived this Laboratory idea: and he was greatly gratified up to the
time of his death, to see that his fears had not been realized. He had
great faith in Oberlin, "The first techmical Naval officer I have ever met,"
he characterized him.*

0 etter from E.G. Oberlin to M.R. Hutchinson, Feb. 12, 1932, ibud.
11 etter from M.R. Hutchinson to William Oliver, Feb. 25, 1932, tbid.

421 etter from M.R. Hutchinson to William Oliver, Feb. 29, 1932, ibid.
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But there was nothing to be done. Obeilin had wagered his career on the fight before the General
Board, and he had to pay the price for losing.

The Subcommiittee on Naval Appropriations began its inquiry into the transfer on March 4, b
questioning Admiral Robinson. Naturally he defended the change, saying it was best fur the Navy and
for the Laboratory He spoke highly of research. "...it is, of course, necessary that the bureaus do
research work Their whole future depends on it But he went on to comment, "The burcaus naturally
know what problems are to be solved. They are looking way ahead all the time, and they are the part
of the Navy Department which is in the most intimate contact with the fleet.™*

Members of the Committee questioned his point of view. The sharpest rebuttal came from
Congressman Oliver. He said,

It is significant that, so far as | am informed, no successful industrial
plant believes that what you are undertaking to do here is right. They
do not practice that method themselves, and when you have great busi-
ness organizations, deeply interested in the success of their own busi-
ness, and who adopt an entirely different method from the one you are
adopting here, then it is well to stop, look, and listen before going too
far. The very fact that the General Board was opposed to this plan, and
the very fact that this committee at this session has heard rumblings of
possible discontent, or, at least, expressions of opinion that this is not
the best way to handle it, tend to show that perhaps, you are not pursu-
ing the right course. I have a letter, from perhaps one of the closest
living friends of Mr. Edison, who says that Mr. Edison had expressed to
him on several occasions his fear and apprehension lest there might
some day happen just exactly what has happened so recently after his
death. His idea was that the overemphasizing of testing there by your
bureau such as you have outlined might ultimately lead to the action
being taken that has been taken.

So long as you lend undue emphasis to the testing side, or, as you call
it, the experimental side of the work there, you will soon lose sight of
that which is equaily, yes, far more important, perhaps, the scientific
and research study of great underlying problems, that not only will
cause you to advance, but will invite others from the outside to come
in and willingly lend their aid and assistance to you in advancing. So
far as ! can understand, there seems to be a unanimity of sentiment on
the | -t of the real school of research study that this is a mistake. It is
not at al' aimed at your bureau, but it is simply a recognition of the
practical truth that an enginee:ing bureau is not the bureau to head and
direct a laboratory for research.*

On March 9, Hutchinson testified before the Committee. He discussed with its members the ori-
gin of the Laboratory, Edison’s intentions, the position of research laboratories in large American com-
panies, and other matters To some extent, his testimony became an opportunity for creating myths
about Edison and his wisdom. Congressman Oliver even went so far as to remark, "Mr. Edison was not
opposed, in the slightest, to a naval officer being named as the head of the laboratory, un the other

SN

Bus ¢ ongress, 72 1, House, Hearing Before the Subcommuttee of Housc Comnutice on Appropriations...n Charge of Navy Depariment
Appropriation Bill for 1933 (Washington GPO, 1932), p. 510

Bbid, p. 514
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hand, I understood that he felt very kindly to that idea. But he felt that the Commanding Officer
shoujd have the same rank as the Chiefs of Burcaus"*  To this, Hutchinson simply replied, "Oh,
yes”* Indeed, some of the misconceptions about Edison’s role in the creation of NRL that were

expressed that day are still believed and published as fact.

Overall, Hutchinson's testimony invoked the name of Edison and the Naval Consulting Board to
support the view that the Laboratory should not be transferred. Statements of several Board members
and of several leading industrialists were read into the record; all argued against the move. Admiral
Robinson and Secretary of the Navy Adams were both present and challenged Hutchinson’s testimony
at several points, but the prevailing sentiment of the Committee was with Hutchinson, and their objec-
tions weare given little attention.

Like the opinion of the General Board, that of the Naval Appropriations Subcommittee did not
persuade Secretary Adams to reverse his decision. The Laboratory would remain under the Bureau of
Engineering. The hearings did, however, have the effect of showing that the intent of Congress was
that NRL primarily do research, not routine engineering. And one significant change did result. Before
the debate, the Bureau of the Budget had proposed that the appropriation to NRL that Congress had
made each year be eliminated and that the money be allocated directly to the Bureau of Engineering.
The Subcommittee now decided not to accept that alizration. Congress would continue to appropriate
funds specifically for use by NRL in its performance of scientific research. As we shall see, this deci-
sion would have a sipnificant impact on the radar investigation.

Even after having gotten Congress to look into the transfer of the Laboratory, Oberlin did not
cease his attempt to get NRL out from under the Burcau. Although his dismissal as Director of the
institution greatly reduced his power, his plans became even more grandiose. He now called for a com-
plete restructuring of the Navy Department, one which would eliminate the Burcau system altogether.
"[t is suggested,” he wrote the Secretary of the Navy, "that...the Navy Department be reorganized along
functional lines; that all present burcaus be abolished, and military functions distributed between 4
main subdivisions—Operations, Personnel, Material, and Inspection."’

Instead of abolishing the burcau system, however, the Navy decided to wipe out the Office of the
Technical Aide to the Secretary, as soon as Oberlin left the Navy.*¥ He was ready to go, and he retired
on July 15, 1932. In writing about the matter to Thomas Robins, who had been Secretary of the Naval
Consulting Board and involved in the Congressional hearings, he said,

It may only be a coincidence, but it amused me to receive word from
the Burcau of Enginecring, the day after I put in my request for retire-
ment, asking me whether | would prefer duty in Honolulu or the China
Station. 1 told them that either place would be satisfactory as long as
they wanted to get me further away from Washington.¥

i
4

R NS

Thus the transfer of NRL to the Bureau brought Oberlin’s Navy career, which had been tied to the
Laboratory for almost a decade, to a pathetic end.

Oberlin had sacrificed his future for the benefit of the Navy's. He had believed that NRL was
absolutely essential to keeping the Navy prepared, and he had realized that in the matter of the
transfer, the institution was fighting for its scientific life. His efforts to save it were not in vain; they
insured that the efTects of the change on the Laboratory were not as great as he initially feared--nol as

:"Ib/d.. n. 850.

*Ibid.
YMemorandum from E.G. Oberlin to the Sceretary of the Navy, Mar. 9, 1932, Oberlin papers (note 23).
FMemorandum from the Sceretary of the Navy to all burcaus and offices, June 23, 1932, Oberlin papers (note 23).
YL etter from E.G. Oberlin to Thomus Robins, July 1, 1932, Obertin papers (note 23).
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great as Hooper had wanted them to be. Research work was reduced in the Radio and Sound Divi-
sions, but it did not come to an end. And the other, basic science divisions were hardly affected. Any
drastic changes that might have occurred had been moderated by the two sets of hearings. Moreover,
the facities at the Laboratory were designed primarily for research, and the staff was devoted to it.
Without replacing them—and there was never any serious discussion of doing so—any alterations had
to be limited.

As things turned out, being under the Bureau even had a few advantages. Following the detach-
ment of Captain Oberlin, NRL had a succession of five directors within 3 years. The strong link to the
Bureau at least provided some stability in operation. Furthermore, the situation may have helped pro-
vide financial security. Hoyt Taylor later concluded, "...it i1s doubtful whether our research would have
been so plentifully supplied with operating funds had we remained under the Secretary during the finan-
cial depression."*?

Still, the new administrative situation brought significant modifications in the Laboratory’s opera-
tions. At the request of the Bureau, the Radio Division was split into two parts: the Radio Research
Division and the Radio Engineering Division. Dr, Taylor headed Radio Research and was given a staff
of but nine men. Mr. Louis A. Gebhard was put in charge of Radio Engineering and a group of 20
engineers.’!  The Bureau was leaving no question about where it placed its emphasis. lts intent was
further confirmed by the growth in test problems in the Radio and Sound Divisions. In 1930, there
were but ten; in 1931, 14; in 1932, 19; in 1933, 50; in 1934, 68. At the same time, the size of the staff
remained relatively constant. Research and development work suffered in consequence.®

Fortunately, the situation did not last. As the depression began to lift, the pressure on the Radio
Division to do test work instead of research eased. The isolation of the one from the other in two
separate Divisions proved a failurc. As Hoyt Taylor had claimed all along, they were inextricably
linked.® On December 29, 1933, the Bureau of Engineering ordered the two Divisions merged once
again>* A brief exneriment in the creation of a separate Aircraft Radio Division also failed, and in
March 1935, all - :di0 research, development, and tests were united once again into a single Radio Divi-
sion under Taylor. Concurrently, as Franklin Roosevelt assumed the Presidency of the United States
and as the economy picked up, naval expenditures were increased, and money for long-range research
became easier ‘o get.

Administrative changes that occurred in the Navy Department also affected the status of the
Laboratory. In 1635, Captain Hooper was relizved as Director of Naval Communications and became
Director of the Technical Division under the Chief of Naval Operations. Thus he lost direct touch with
NRL.5> On May 29 of the same year, Rear Admiral S.M. Robinson was replaced as head of the Bureau
of Engineering by Rear Admiral Harold G. Bowen. Bowen was a strong believer in the need for NRL
and acted quickly to upgrade its position. As he noted in his memoirs,

When | became Chief of the Bureau of Engineering, 1 transferred the
Naval Research Laboratory, which had been under the control of the
Radio Division of the Bureau of Engineering, to my own office and
macde it directly responsible to me. While I believe I was the first Chief

OA. Hoyt Taylor, The Iust 25 Years of the Naval Research Laboratory (Washington: NRL, 1948), pp. 31-32.

INRL laboratory order 141, June 3, 1932 in L A Gebhard (compler), Establishment and Orgamzational Doruments of the Navai
Research Laboratory (unpublished bound collection 1n the NRL library)
thwry of the U.S. Naval Research Laboratory, 1916-1935 (anonymous manuscnpt available in the NRL library, written in 1936),
?}) 41-45 and Table 1.

Taylor, The First 25 Years ... (note 50), p. 22
$4Memorandum from the Bureau of Engineering to NRL, Dec. 29, 1933, in Gebhard, op. ci. (note 51).
55 Bjographical sketch of S.C. Hooper, box 44, Hooper papers (note 1).
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who even attempted to follow the developments in radio, at the same
time | used every effort to prevent the Research Laboratory from
becoming just another communications laboratory.*

Within a month after Bowen took over Engineering, NRL had been given a new Director, Captain H.
M Cooley, who would serve in that position for 4 years. Hoyt Taylor later wrote of his tenure,

Captain Cooley did more towards selling the Laboratory to the Naval
Service than any director who had preceeded him, or for that matter,
almost as much as all the former director< out together....Captain Coo-
ley himself doesn’t claim to be a distir + " .’ engineer, but he has
another characteristic which was of the niyuwst por ‘hle value to the
Laboratory: namely, the ability to make friends in an quarters and to
persuade every high ranking officzr in the Navy who happened to be in
Washington for a few days, to come down to the Laboratory and sec
what was going on.”’

In sum, research at NRL, especially that in the field of radio, slacked some because of the shift to the
Bureau of Engineering. By early 1934, however, the low point had passed and support began to flow
once more. It increased steadily, then rapidly, in the years up until World War 1.

As we shall see in detail later, the radar project was directly affected by the administrative changes
discussed above. Had the dire fate Oberlin predicted when the Laboratory was transferred actually
befallen it, NRL would never have developed radar. After a period of inattention, however, the project
gained new support in early 1934. Soon dramatic successcs were obtained. Once this happened, radar
became, in turn, the Laboratory’s most visible argument for the impottance of all its activities.®
Here was something coramercial laboratories had not deiveloped—and might never have. Without
NRL, Laboratory officials argued, there would be no Navy radar at all. In the future, then, the growing
support for NRL and its development of radar would go hand in hand.

A NEW START: THE SWITCH TO PULSES

In early 1934, activity on the radar project began to increase again. In February, it was assigned
priority "A.," or "urgent," the highest level of importance of any program at the Laboratory. Other prob-
lems on tnis level in the Radio and Sound Division at the time included developing aircraft detectors
for submarines, developing the model QB sonar equipme.t, and developing receivers that could filter
out water noise for ships traveling at high speeds.’® Probably the new priority for the radar project
related to another event. Members of the Naval Appropriations Subcommittee were coming to visit the
institution and view its work: one of the things they were to see was the radio detection equipment.

The project until this time had been mostly a part-time effoct by Leo Young, Raymond A. Gor-
don and W F. Curtis. To help ready the equipment for the demonstration, a new man was now
assigned, Robert M. Page In retrospect, this action was the most important administrative decision of
the project More than anyone else, Page would be responsible for changing the general possibuities of
radar into technological fact.

The demonstration took place in mid-February. The apparatus used a transmitter with a 60-
megahertz wave frequency and a 500-hertz modulation. No record was made of the reaction of the

:“Harold G Bowen, Shps, Machnery, and Mossbacks (Princeton Princeton University Press, 1954), p 46.
‘;Taylor, Radie Remuuscences (note D), p 185
“Ibud

“Memorandum from NRL to the Bureau of Engineering, Feb 7, 1934, in file C-A9-4/ENS8 (note 17)
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Congressmen who saw it in operation, but later developments indicate that they were favorably
impressed by it and by what they saw at the Laboratory as a whole. A year later, when Hoyt Taylor
petitioned them to increase the direct Congressional appropriation o the Laboratory, they raised it sub-
stantially, as will be discussed further in the next chapter.

Nonetheless, the eyuipment suffered from serious problems. Page wrote in his laboratory note-
book:

This system had two major short-comings: (1) the dipole had to be
pointed at the transmitter 1o kill the direct wave, so the direction of
arrival of echoes could not be determined, and (2) the nonlinearity of
response of the super-regenerative receiver made adjustments very crit-
ical for the production of beats between direct and reflected waves.*

He then described his thoughts on the improved characteristics needed in a practical system’

1. The direct wave from transmitter to receiver must be blocked
down to such a level as will not prevent the detection of reflected
waves.

2. It must be possible to determine the direction from which echoes
come.

3. It should be possible to locate transmitter and receiver relatively
close together (e.g. at opposite ends of a ship).

4. The apparatus should be capable of detecting airplanes at distances
up to 50 or 100 miles.

5. It should be possible to determine whether the reflecting object is
approaching or receding from the station or ship, and the rate of
approaching or receding.’!

These comments show that most of the fundamental problems of developing equipment that would be
suitable for ships still remained to be solved.

After the demonstration, work slacked off, as the men returned to other problems. Page, for
example, devoted most of his time during March to continuing study of a "decade frequency analyzer,”
a device designed to help make precise measurements of radio frequencies. When the Bureau of
Engineering cancelled that program at the end of the month, however, he wen back to ri dio detec-

tion.®* At that point he was told to try a new idea. Instead of building a system based on continuous
waves, he was to attempt one using short pulses of radio energy.

The decision to try this approach was the most important technical choice of the project Leo
Young had investigated the idea briefly in late 1933, and was encouraged by his results Shortly after
the demonstration of equipment to Congress, he convinced Hoyt Taylor, not without some difficulty it
seems,® that it might work. Page was instructed to find out.

ORobert M. Page, laboratory notebook 171, vol. IlI, p 71, in the records of NRL, Records and Correspondence Management
Office, NRL  Washington, D.C

® rhid,

62/[)!(!, p. 79

Guerlac, op. cit. (note 1), p. 93, John M Hightower, "Story of Radar,” US Congress, 78 I, Senate Document 89 (Washington:
GPO, 1943), p. 8; Page interview (note 28), p. 43.
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Conflicting historical arguments have been advanced about exactly what led the Laboratory to the
pulse method. The prevailing thesis, which appears, for example, in the passage written by Henry
Guerlac that was cited in the preceding chapter,®* holds that NRL merely applied the principles used in
sounding the ionosphere to detecting ships and aircraft.®® Detailed research, however, shows that this
argument misrepresents what actually happened.®

Leo Young was, without question, the man who conceived the plan to use pulses. He first
thought of them in 1930, and, at that time, the reason was indeed NRL"s previous work on ionospheric
measurement.’” Yet, because of the technical characteristics of the equipment that had been employed
in those experiments, he quickly came to the conclusion that they would not work As he explained
later,

While the Heaviside layer pulse techniques were devcloped and had
been in use for a long time, [the pulses] were quite long as compared
to pulses necessary for radar, or radio detection as we called it then,
and the surface they were reflected from was quite large.*

That 15, detecting airplanes and ships seemed to Young to require equipment of quite different capabili-
ties. Thus, as we have seen, NRL chose in 1930 to work only with continuous-wave radiations, with a
method that had been proven experimentally.

Young came back to the idea of using pulses late in 1933. The Laboratory had, by then, spent 3
years on the continuous-wave method and had failed to develop equipment suitable for shipboard use
A new approach was necessary. Young's reason for thinking of pulses this time, however, was not the
same as before, which is why the idea could now appear promising to him. This time he derived it
from an investigation he and several associates had been making on suppressing key clicks in radio
transmitters and from considerations related to the work ot the NRL Sound Division on sound ranging
equipment,

Key clicks are radio signals that are produced unintentionally in the process of sending code sig-
nals with high-frequency transmitters, they can cause bothersome interference patterns in radio
receivers located nearby, especially because they spread over a “vide range of frequer..ies and cannot be
eliminated simply by tuning the transmitter and receiver to different channels. They create great
difficulties when operators on board ship are trying to carry on reception and transmission simultane-
ously with proximate sets.

To study the key-click problem, Young and his associates devised a means of displaying the sig-
nals visually on cathode-ray tubes. Robert Page later said about the experiments,

We would tune a receiver far off of the transmitter, then operate the
transmitter, and look at the key clicks on the cathode ray tube. It was
amazing to us how narrow and how strong those key clicks were.%

¥ Note 59 in the preceding chapter.

“Es»enually tlie same argument 1s made 1n Joint Board on Scientific Information Policy, "Radar A Report on Science at War,"
(Washington. GPO, 1945), p. 5, Hightower, op. ar. {(note 63), p. 8, Howeth, op. . (note 29), p. 446, and James P Baxter,
Suentists Aganst Tune (Boston. Little, Brown, and Co., 1946), pp. 139 and 140 It is interesting that Guerlac, in his chapter "Early
Radar Research in the U.S, Navy" in Radar In World War 11 (note 1), does nut explicitly make this argument, as he does else-

An account similar to what follows appears in L.A. Gebhard, The Esvlution of Radio-Electronis and Contribunons of the Naval
Research Laboratory (Washington: NRL Report 8300, 1979), p. 172.

Guerlac, op. cit. (note 1), p. 92; Page interview (note 29), p 43.

“*y oung taped remimiscence (note 1). To be reflecied from the onosphere, radio waves must be about 10 meters long Radar
waves are generally much shorter and not reflected from that surface.

9page interview (note 28), p. 44,
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Young explained the relation of the studies to his ideas about radio detection,

1 had been doing quite a bit of work on key-click measurements and
suppression and had noticed that we did get some pretty short signals
with key clicks. And frop. the powers involved and the ranges we had
obtained with the doppier detection [continuous wave radar]l, 1 felt
pretty sure we could get a system using the pulse method.™

Short, sharp pulses. This 1s what Young found in his key-click experiment that he had not had in the
equipment for sounding the tonosphere and what made him think pulses might be suitable for radio
detection of objects.

While the key-click experiments gave Young ideas about the transmitter circuits, work that was
being done by the NRL Sound Divisicn on sound ranging stimulated his thoughts about how the whole
system, and especially the receiver, might work. Page noted in his notebook when he was assigned to
the project,

It was decided to attack this problem in a manner similar to that by
which super-sonic depth finding is accomplished. The time axis [of the
receiver] can be provided in the form of a circle on a cathode ray osci-
lograph [sicl, and the signal [of the transmitter] can be a sharp pulse
synchronized with the circle.”!
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Fig. 10 — This passage from the notebook of Robert M Page marks his switch from the continuous wave to the
pulse method of radio detection

Younz, taped reminiscence (note 1)
'Pd;,c notebook 171, vol Tl {(note 60), p 79

81




3. K. ALLISON

In a recent interview, he recalled the influence of the work in the Sound Division on the new idea for
radio detection in this way,

We were doing a lot of work in the Sound Division of the Laboratory
on sonar, and that had a circular sweep. 1 had seen it—we had all seen
it—and we were familiar with it. Harvey Iayes was the head of that
Division. So that was an established technique. You measure range by
the position on [a] circle.”

Conseyuently the first radar receivers were designed to display pulse and echo as radial deflections on a
circular sweep. The equipment was, of course, built differently frum the sonar receiver, but the basic
concept was the same.

In sum, the ionospheric measurements provided NRL researchers with significant experience in
the use of pulses but not the impetus to build pulse ranging equipinent. That came from studying key
clicks and from the sound ranging equipment that had been developed by the NRL Sound Division

PROGRESS THROUGH THE FIRST TEST

Once given the task of investigating pulses, Page knew what he had to do. lle had to assemble a
transmutter that could emit short, strong bursts of energy, a receiver that could withstand the transmit-
ted signals, recover quickly, and then pick up and amplify their weak echo, and, finally, »n indicator
that would show both signals as outward radial deflections on a circular time scale. From March until
December 1934, he worked on putting such a system together. e labored alone. Young, having made
several initial suggestions, left the detailed problems up to Page to solve. Page recalled when looking
back,

In my...working with Young, 1 found him making suggestions for me to
carry out. Young would say to me many times: "This is what we ought
to do, but I don’t know how to do it...you’re the smart guy—you can
figure it out"”

After the investigation of pulses had begun, work continued on the doppler method.”  Taylor
and Young were not yet ready to stake everything on the new idea. The results of this continuing
effort will be discussed further in Chapter 8.

In his investigation, Page started with the indicator. It took only a few days to wire an oscillo-
scope so that it would produce the circular padtern desired and make radial deflections in response to
input signals. The difficult task was next. building a signal generator and a transmitter. He had to
make a set of instruments that would send out signals lasting only around 10 microseconds (10 mil-
lionths of a second), remain silent for 90 microseconds, and then emit another signal ** To accomplish
this, he began by constructing a multivibrator, an instrument that produced pairs of square wave signals
by switching electronically between one output tube and another. He then adjusted its circuits carefully
s0 the signals would have the high inequality and repetition rate he needed. The shorter signal pro-
duced by the device was fed to a high-power, high-frequency radio transmitter. Page radically modified
one that was already in use at NRL so that it would accept this signal, amplify, and broadcast it. Find-
ing tubes was a difficult problem. Few on the market would give him the power he needed lle knew

2[’age interview (note 28), p. 45.

Ib:d P. 48

See monthly reports on problem W5-2 1n file C-A9-4/ENS (note 17),

“Robert M Page, The Onigin of Radar (Garden City, N.Y Doubleday, 1962), p. 100, Page notebook 171, vol. 11l (note 60), pp
78-80.
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from wave propagation theory that the strength of any echo that returned to the set was proportional to
the inverse fourth power of the distance to the object, atmospheriv conditivns reduced the strength of
the returned signal to even lower levels. Thus, to get a discernible echo from airplanes at any useful
distance, the transmitted signal had to be very strong. Because of this and other difficulties, he had to
spend most of the time he devoted to the project between March and December on making the
transmitter function properly and making it compatible with the indicator.

For the receiver in the initial tests, Page simply used an existing piece of equipment with slight
modifications. As was true so often throughout the develupment of radar, being at NRL where there
was a wealth of knowledge and high-frequency eyuipment available was a distinct advantage. As Page
remembered,

I had no receiver of any kind, so [l inquired] around the Laboratory as
to what I could get my hands on without having to start from scratch,
which would have taken months and months. The receiver section of
the Laboratory—Tommy Davis was the head of that section and he and
I were good friends—Tommy Davis said he had a wide band communi-
cations receiver that I could try, if I didn’t modify it too badly. 1
couldn’t tear it to pieces. So this was the widest band thing that we
had, and it was fairly high gain. In order to shorten the time constant,
as I knew I would have to do, I loaded the circuits with resistance. 1
got it down to a iime constant of probably 100 or so microseconds—
something on that order of magnitude, which, of course, was much too
long for the operation. But I had to get something, and that was all 1
could get.’

The short time constant was necessary so that the receiver could recover quickly from the strong
transmitter pulse and then be ready for the echo.

The first test was made in mid-December, as has been described in the Introduction. It proved
that a pulse-echo ranging system was possible and that the basic design of the transmitter was satisfac-
tory The receiver was not. It functioned—it picked up both pulse and echo—but it did not recover
fast enough from the transmitted pulse to display both signals sepatately. Page now realized that «
modified communications receiver would not suffice for this purpose. He would have to design some-
thing specifically to meet the requirements of a radar systern. In the future, this would be his most
difficult problem.

opage interview (note 28), p. 57.
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6. FROM TEST TO WORKING MODEL (1934 to 1936)
ROBERT MORRIS PAGE

Robert Morris Page first reported to NRL on June 21, 1927, a scant 2 weeks after receiving his
Bachelor of Science in physics.! [is life and career are interesting not only because he was a central
figure in the development of radar but also because he was, in many ways, an example of the type of
person the Laboratory liked to hire during this period of its history. young, bright, and inexscrienced
but with signs of great promise; a man who could be brought in at a luw level and then trained
specifically in subjects of interest to NRL and the Navy.? As Louis Gebhard, who often handled per-
sonnel matters for the Radio Division, said when discussing the sort of employee he would look for,

Not doing theoretical work, we went mainly to the engineer. The
clectrical engineer with radio courses and so forth...we got a few PhD’s,
not many. The PhD would probably be the individual we would have
selected had we been doing theoretical work. But we couldn’t get sup-
port for starting theoretical work. You had to do practical work. And
the only reason we survived as long as we did was because of the prac-
tical results that came out of the organization.?

Page, seventh among nine children, was born on June 2, 1903, in St. Paul, Minnesota, and was raised
in a rural area outside the Twin Cities. For the first 6 years of his life, his father, who earlier had been
a school teacher, worked as a painter and papechanger. Then, in 1909, his father took up farming as a
full-time career and moved the family to the small town of Eden Prairie, where Robert spent the rest of
his youth.

His first 8 years of formal educatica were in a one-room schoolhouse in Eden Praine. For high
school, he went to an institution in St. Paul and found himself among 2000 students. As he said n
retrospect, "For the first year, 1 was just completely lost."* Yet he maintained his determination to
learn.

The Page family, although not destitute, was poor. For financial reasons, Robert had to change
secondary schools several times, and he even had to drop out one year. le helped pay for his educa-
tion by working in the allernoons, during vacations, and tn the summer. hroughout hs first year, he
labored with one of his brothers, an electrician, wiring houses. Besides being a source of income, this
gave him his first practical experience with electrical components. Despite his financial burdens, Robert
did well in school and graduated at the top of his class.

As he turned his thoughts toward college, he foresaw a specific career. He later recalled how he
had conceived his plan:

'Information used n this section comes from the biographical file on Dr. Robert M Page, Historian's office, NRL, Washington,
D C, and from the transcript of a tape-recorded interview with Dr Robert M Page in the Histonian's office, NRL, Washington,
DC

*The Laboratory actually hired very few new people until the buildup prior to World War 1. There was not even a formal per-
sonnel office untii during the war.

3Transcnpt of a tape-recorded interview with Dr. Louis A Gebha.d, Sept. 12 and 19 and Oct. 3, 1977, in the Histonan's office,
NRL, Washington, D.C., p. 53

Page interview (note 1), p.3.
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Fig. 11 — Robert M. Page solved most of the
technical problems inherent in developing the
first pulse radar for the Navy.

| had a long talk with my Dad one time on the way to the market. We
used to haul farm products to market and we’d start at 4 o’clock in the
morning with horse-drawn vehicles, to go to Minneapolis with a load of
produce to sell at the market. And I went with him one morning and
on the way, I remember this part distinctly, we had a long talk about
what I was going to do with my life. In answer to his question, I said |
would like to go into some profession where I could be of useful ser-
vice to my fellow man, one that had some influence, some usefulness.
And Dad said, "Well, that could be in the ministry, it could be in jour-
nalism, in writing—these are the main areas where you would fulfill
that kind of an ambition." And, I guess, from that, my ambition was to
go into he ministry. With that in mind, when I graduated from high
school I went to Hamline University to prepare for the ministry.

The family influence on Robert’s choice was strong. Religion was always important in his home, his
father often preached as a lay minister o Sundays. Hamline University was a church-supported institu-
tion 1n St. Paul that one of hus brothers had also attended. Robert never gave serious consideration to

any other school.

During his initial years of college, he changed his plan to become a clergyman. There are several
reasons. First, and perhaps most importantly, he found that he was not effective as a public speaker

He recalled,

I went out occasionally with teams of young people who spoke at reli-

gious meetings, supposedly witnessing on religious subjects. And 1

‘b ! pp.6and7
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found myself trying to do something which led me into one embarass-
ment after another. | was a complete flop at it.®

Secondly, his faith was shaken because of his exposure to the questioning of fellow students and pro-
fessurs. He remained deeply religious, but his growing awareness of the intellectual difficulties and
demands of « thorough understanding of Christian ductrine made him wonder seriously if he should
E devote his life to preaching.

Finally, he became increasingly interested in and involved with science. His physics professor,
Jens M. Rysgaard, exerted a strong, formative influence un him. Page later remembered the intellee-
tual aspect of it in this way:

I had not yet had advanced algebra, and [Prof. Rysgaard] combined
physics with advanced algebra aad differential equations so that we
learned our mathematics with our physics and by means of our physics.
The result was that I had a physical understanding of what the
mathematics meant. Differential equations and integral equations
became living things to me because they represented physical
phenomena....Throughout my career...my understanding of nature—my
understanding of physics—was a conceptual understanding....I could see
the significance, qualitatively, well enough to invent and predict, to
research in my own mind without physical manipulation and come to
answers—come to correct results.’

On the practical side, Rysgaard persuaded Page to pursue a scientific career.

At first, he thought he might become a physics teacher, and to this end he took a minor in educa-
tion. But Rysgaard was a friend of Hoyt Taylor, who happened to come to Hamline on a recruiting trip
while Page was finishing his degree. Page did not meet Taylor at this time, but Rysgaard, after he trip,
advised his student to take the ci il service examination in physics. He did so and received top marks
in every category. Coupled with his standing at the head of his college class, this made him very attrac-
tive to prospective Government employers.

Page’s first job prospect came not from NRL but from the Department of Terrestrial Magnetism
of the Carnegie Institution of Washington which offered to send him to a station in Huancayo, Peru.
Exuted by the exotic appeal of this position—he had never been outside of Minnesotd—and fearing he
would get nu vthier choice, he almost accepied. Rysguaard, however, convinced him 1o wait. [lis nicat
offer was from NRL.

When he came to the Laboratory, he had little experience in radio engineering, so at first he was
assigned to help others on projects already underway. He quickly discovered that he had a knack for
making inventions—for findirg answers that were unapparent to his new colleagues. Soon his supervi-
sor was saying that he "had more ideas than a dog had fleas,"® a remark Page recalls as the first com-
ment he heard about his performance.

In the light of his new-found ability, he began to appreciate the patent policy of NRL, which
allowed him full commercial rights on any patent he produced. He remembered,

et e e e

:’Ibid., p. 12,
Ibid., p 18.
81bid, p. 32.
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Within two weeks after | went to the Laboratory, | became imbued with
the idea that 1 was going to be an inventor, that | was going to invent
things and that 1 was going 10 have patents on them and that the com-
mercial rights were going to be worth something. 1 was all just a
hunch. But on the basis of that hunch, | turned down every offer of
employment everywhere, because this was the one place that gave me
commercial rights on my inventions. | had no reason to believe, no
way of knowing that it would ever amount to anything, but...I had great
faith that it would happen. It was a hunch, that’s all. And as it hap-
pened, it panned out.’

Unul beginning on the radar project, Page concentrated on studying precision measurement of
frequency. Ihs last effort in this field was the design of a decade frequency analyzer, a device that
would allow a direct reading from a set of nine dials of the frequency being measured He never car-
ried the project to completion, but later a similar idea would lead to the decade frequency synthesizer,
which became a common component in ham radio. llis project was cancelled by the Bureau of
Engineering in 1934, and it was at that time that he was reassigned to radio detection.

For the remainder of his scientific career, hie would work on this subject. As we shall see, he
made most of the basic inventions leading to the first practical shipboard equipment In subsequent
years, he would originate many other ideas in the radar field. The 65 patents he eventually would
recetve are one good indication of his productiveness.'® He would also rise in rank at NRL, mixing
administrative with technical work for a while and, for the last 15 years of his career, Going only
admunistration at high levels. The pinnacle of this period was his tenure, from 1957 until he retired in
1966, as the Laboratory’s third Director of Research, the highest job open to a civilian scientist Yet,
he was never as effective in administration as he had been in engineering, and in retrospect he remem-
bered his earliest achievements most fondly. A few years before retiring, he said,

[My] greatest satisfaction [while) working [at NRL] was back in the
days when 1 was most productive at the bench, when I could look at a
radar circuit diagram or an electronic circuit diagram that coverad two
pages and in one glance I’d see the whole thing, and I could go back
and tell you the value of the constants and why. Those were the glori-
ous days. After having left and thinking back over it, the satisfaction
of knowing what I gave the country is one of the greatest satisfactions |
could have.!

DESIGNING A RECEIVER

In the time he spent on the radio detection project between December 1924 and November 1935,
Page concentrated on designing a new receiver.'? His initial problem was theoretical. He understood
that the device would have to have a rapid response time and thus have resonant circuits with a low
selectivity, or, in technical language, a low Q value. It also would have to have many amplifier stages,
each of which would affect the total Q for the composite. At first he was unable to derive the
mathematical equations that showed the relationship of parts to the whole, given the conaition that the
receiver was to be excited by an extremely short pulse. He recalled,

bud., pp. 159 and 160

A list of them is on file n the papers of Robert M. Page, Historian's office, NRL, Washington, D.C

lTupc-rc:cordcd mterview of Dr Robert M Page by Mr. Erni: 3.ith and Mr James Sullivan, filed 1o the Historian s office,
NRL, Washington, D.C
2prncipal sources for this section are Robert M Page, The Origm of Radar (Garden City, N'Y : Ancher, 1962), chs 4 and 5:
wlem, "The Early History of Radar," Proceedings of the Institute of Radio Engmeers 50 (May 1961) 1232-123%; wdem, laboratory note-
book 171, vol 111, and loboratory notebook 346, vol IV, both n the Records and Correspondence Management office, NRL.

Washington, D.C.; and the Page interview (note 1)
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I worked a long time on the solution of the receiver problem—the
receiver design. My first attempts in solving the thing mathematicaliy
were not successfuf. And looking back on it, the reason they weren’t
successful was that [ didn't go back to the original derivation of the
equation for [circuit] decrement. 1 tcok the completed solution for the
equation for the decrement of a single circuit and then tried to solve
for a series of circuits, all with the same decrement, and it didn’t work
out that way.?

Fortunately, he soon benefited from a stroke of luck. He discovered in the Frenciy periodical
L'Ounde Electrigue an article on "Time Constants, Buildup Time, and Decrements™* that had been pub-
lished in June 1934 It taught him how to determine the relationship between individual Q values, the
time constants, and the total gain of a multistage amplifier. He wrote what he had learned in fus note-
book and thence derived the basic design characteristics the receiver had to possess.!* The date,
although not recorded, was sometime in late January or February 1935.

The basic theoretical problem was now solved, but numerous practical difficulties reinained. Page
had to find the right components and the correct way to wire them. He had to determine how to get
the receiver to recover in several microseconds, so that it could recerd echoes from nearby objects
immediately after the transmitter pulse had been cmitted. [eedback would have tu be elinunated
enlirely to prevent unwanted oscillation of the amplifier tubes and, more importantly, to prevent any
increase in the time constant of the circuit. This would require extreme precautions in shielding, filter-
ing, and grounding.'® Determining the correct design took much experimentation and testing. One
example will serve to indicate what was involved. As part of his task, Page had to find very-high-
frequency tubes that he could wire in circuits having low capacitance and low Q. By another stroke of
luck, which demonstrates how closely he was working to the edge of advancing technology. the RCA
Corporation had recently developed an "acorn" tube that could meet his basic reyuirements. But he sull
had to learn experimentally how to make it function in his special circuits, as is evident in this passage
from his notebook:

Some...work was done with acorn pentode tubes to find what order of Q
was possible. A Hammerlund midget 20 puuf condensor was altered to
reduce minimum capacity. Original minimum was 5.7 puf, maximum,
18.2 uuf. The rear support and bearing were removed, one stator plate
removed, the other stator plate cut down in size, the rotor plate cut
back to increase edge distance at minimum capacitance, and one of the «
other stator supports removed. Each change brought a reduction in
minimum capacitance. The final form left the stator supported at one
poinl, and the rotor supported in one bearing. The final capacity range
was 1.7 uuf to 8 to 10 puf depending for maximum capacitance on
plate spacing.!’

Such radical alterations, which were necessary to obtain custom parts with the reyuired perfor-
mance, characterized the extensive experimentation Page made.

Technical problems were not the only ones he faced. Support for the project from the Bureau of
Engineering remained low. At one point, it virtually disappeared. Page wrote in his notebook, "At Mr.
Young’s direction, the receiver was designe. so as to cover a large frequency range if necessary, for

Ul’age interview (note 1), pp 62 and 63. ,
s René Mesny, "Constantes de temps, durées d’établissement, décréments,” L'Onde Licctrigue 13 (June 1934). 237-243.
“ Page notebook, vol. 1l (note 12), pp. 106-111.

“’Page, The Ongm. . (note 12), pp 71-79; 1, "The Early History...” (note 12), pp. 1234 and 1235.
l7[’agc notzbook, vol. Il (note 12), p. 111,
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general high-frequency use, and the work charged to the new high-frequency communications problem
62-V-146.""™ That is, the equipment was disguised as something for communications so that fuqnds
could be siphoned from another project! Clearly there was a limit on how long this could continue.!

The low priority aiso aflected the fate of Page’s design when he submitted it to tke shop, some-
time in early March. Action was slow. He noted at the end of April, "As the shop has been held up on
wark on the receiver, {it] stood half built witis no progress for two months—consequently is unfinished
at lhizs‘ date.”® The situation remained bad. Not until latc November would construction be com-
plete.

Finally Page was spending much of his time on other projects. This was due partly to the status
of radio detection and partly to his own broad interests. lle remebered,

I was under no pressure to get anything done in a hurry and that’s one
reason ! so ensiv went to other projects as they presented themselves.
I was intercs, » in them; | would pick them up and do them. All of
the psychologial pressures to move and get some results came from
Taylor, and they came from him largely because financing required
demonstration of results and he was always having diiliculty getting
enough finances to do bastc work.??

Indeed, during the same months Page had labored sporadically on the receiver, his boss had been striv-
ing to improve the financial situation of the Radio Division

A CONGRESSIONAL VOTE OF CONFIDENCE

Taylor had concluded, sometime in early 1935, that the time was ripe to request new research
mone: from Congress. With the approval of the Director of the Laboratory and the chief of the Bureau
of Engineering, he and !arvey Hayes, the ilead of NRL's Sound Division, went up to Capitol Hif.
They visited James Scrugham, th» most influential member of the Naval Appropriations Sutcommittee
at the time and an engineer by training. Taylor recalled the meeting in this way:

We put up a strong plea for a substantial addition to the small direct
appropriation whick the Naval Research Laboratory usually received
from Congress, this increment 1o be earmarked for long time investiga-
tions, particularly in the field of microwaves and supersonics. Mr
Scrugham listened in silence, asked a few questions, but promised us
nothing. We left his office feeling very much discouraged, but on the
following Monday morning, he telephoned to state that the Committee
had agreed to give us an extra $100,000.00 to be spent on this work.
This looks like a small amount in these days but it looked like ten mil-
lion dollars to us then.?®

18 1bid,

Page remembers that the progect was actually canceled (interview (note 1), p. 53) However, this recollection appears to be in
error, as the Laboratory kept making monthly reports on the effort (files C-A9-4/EN8 in boxes 3 and 4, records of NRL,
Confidential series {now Unclassified), record group 19, National Archives Building) There is no doubt, however, that support
dropped.
20page nowebook, vol. I (note 12), p 120.

b, p 145,

Page nterview (note 1), p. 69.

2 A Hoyt Taylor, Radio Remmniscence: (Washington: NRL, 2nd printing, 1966), p. 173.
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The additioral money boosted the fiscal 1936 appropriation from Congress by 5145 over that of fiscal
19352 and NRL was assured that i&e higher level of funding would be continued in future years.

In early May, an extended discussion began between the Laboratory and the Bureau of Engineer-
ing over how to spend the money.?* It was decided that the bulk of it, about $56,000, would go to
expanding scientific personnel. The rest would go for shop labor (820, 000), clerical help, and research
materials. The crucial part of the discussion centered on the status of various projects at the Laboratory
and how the new people and supplies would be allocated among them. In a letter of June 25, NRL pro-
posed that new men be assigned to 15 studies in the following order of priority: investigation of
microrays, propulsion of submerged submarines, study of radio superfrequencies, study of aircraft hom-
ing devices, photoelastic investigation of ship structures, study of dehumidifying agents for submarines,
underwater sound research, study of the detection of ships and aircraft by radio {emphasis added), study of
underwater radio reception, study of recognition sigaals, study of the fouling of paints for ship bottoms,
study of dazzle camouflage, study of the direct conversion of heat energy into electrical energy, and
study of the measurement of radio-frequency power.2

There are several notable aspects of this list. First, it shows the range of important investigations
underway. Second, it displays that Page s pulse radar project was not considered by the Laboratory te
be the most significant of them at this time. Finally, it demonstraies quite clearly the emphasis being
given to studies of microwaves, In the past, NRL had pioneered many uses of high frequencies, and
now Taylor wanted it to lead the way into the use of even shorter radiations. More will be said about
the relation of this investigation to the radar story in Chapter 8.

When responding to these recommendations, the Bureau of Engineering made several changes.
Most importanily, it moved the radio detection problem from ninsk: in priority to third. Only the inves-
tigation of microwaves and of propulsion for submerged submarines were put above it. This seems
inexplicable, given that the Bureau had let money for the effort become almost exhausted several
months earlier, but perhaps the change was due to the influence of Harold G. Bowen, who had become
Chiefl of the Bureau on May 29 and who had signed this letter to the Laboratory. In addition 1o raising
the status of radio detection, the letter added two other related projects: the study of detection of air-
craft by acoustic methods and the development of either radio or acoustic detection equipment for sub-
marines.?” Clearly the Bureau now had a renewed interest in technology to warn of enemy attack.

After receiving this response, Captain Cooley, the Director of NRL, wrote an internal memoran-
dum explaining what the Laboratory would do. He accepted the new priority for radio detection, but
about acoustic methods, he told his staff,

We did net recommend this idea inasmuch as we do not belicve a solu-
tion is feasible and the Army and Navy have already spent about
$500,000 on the subject. We strongly recommend against further
expenditure on this problem, believing that the solution will be found
by other methods.

He adued that development of any equipment for warning submarines of air attack hinged on successful
solution of the radio detection problem.?

24 See Table 2, in Chapter 4.

¥ See File LI-1(3), 1936, in Box 34, records of NRL, Unclassified Series, record group 19, National Archives Building.
2 Letter from NRL to the Bureau of Engineering, June 25, 1935, in file LI-1(3) (note 25).

27 1 etter from the Bureau of Engineering to NRL, July 12, 1935, in file LI-1(3) (note 25)

“Memo for Information and Guidance of the Naval Research Laboratory,” from H M. Cooley, Director, July 24, 1935, in file
L{-1(3) (note 25).
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November 22.2°

Fig. 12 — Robert C. Guthrie was the second
man to become heavily involved in develop-
ing pulse radar and proved to be a highly ca-
pable assistant to Robert Page.

together the two men made an effective and harmonious team.

[on] this with a helper in 6 months, we’ll cancel it out.">!

National Records Center, Suitland, Md., p. 20.

Historian’s office, NRL, Washington, D.C.
31 page interview (note 13, p. 53.
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[ Because of its new priority, the radar investigation was allocated a second man. Funds became
available in Juiy, but not until November was it decided that Robert C. Guthrie, an engineer already on
the staff at the Laboratory, weuld be ordered to work on the project full time. e reported to Page on

Guthrie's background was similar to Page'’s. Son of a sheep rancher in Montana and raised in a
rural area, he had graduated from the University of that state in June 1929 with majors in physics and
mathematics. He took the civil service examination during his senior year, and this led to his receiving
the offer of a job at NRL. Since it paid more than another position he was tendered by Bell Labora-
tories, he took 1. He reported to work in July 1929 and spent his entire scientific career in the institu-
tion. Once he got involved with radar in 1935, he, like Page, stayed with it. Ultimately he would rise
1o become the head of NRL's Radar Division, a post he held from 1954 until he retired in 1964.%
Guthrie did not have Page’s inventive ability, but he proved to be a highly competent engineer, and

The new status of the radar project also led to more pressure being placed on Page to get results
He recalls that Taylor came to him apd said, "Well, this problem looks like it isn't getting anywhere; I'll
give you 6 months to produce some results and I'll give you a helper....If you can’t show some results

9 Robert C. Guthrie, laboratory notebook 170, n box 11, Job order 67A-6317, records of NRL, record group 181, Washington

h Biographical file or Robert C. Guthrie and tape-recorded interview with Robert C. Guthrie, April 13, 1978, both in the
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One final impetus to move more rapidly came from knowledge about developments abroad. In
the summer of 1933, a radio device to detect icebergs, ships, and other obstacles—actually a crude form
of continuous-wave radar—was installed on the French liner Normandie® As it was not a secret
development, there were numerous reports about the equipment in the press, and word soon reached

] NRL. Leo Young wrote in his monthly report to the Bureau of Engineering for October,

Several recent news items report the French liner S.S. Normandie as
being equipped with a system for detecting objects in her path. The
system is said to use a 16 centimeter wave and to detect ships at 4
kilometers by use of reflected waves. It is requested that the Office of
Naval Intelligence be requested 1o obtain, if possible, information or
details on this installation and its performance.?

Although Young and his colleagues knew from their own experience that the pulse method would prob-
ably produce a better shiphoard device than what the Normandie had, the awareness that other nations
were following similar lines of research made it obvious that there was no time to lose in developing
}\\_ their own equipment.

The confluence of these various changes brought an end to hesitation. Laboratory records indi-
ca:e that once Guthrie began working with Page, both men spent almost all their time on the radar
project.

A NEW EYE FOR THE NAVY

After Page finaily got his receiver from the shop in November 1935, he had to make tests and
modifications. Basically, the equipment worked as planned, but months of troubleshooting lay ahead.
His logbook for this period reports a series of tests, adjustments, replacement of parts, and so on. For
example, he noted in late November,

One fundamental weakness appeared in this receiver. The input cir-
cuits were not sufficiently isolated from the second oscillator-amplifier,
so that the receiver was subject to a paralyzing signal on every har-
monic of this oscillator.®*

The answer, of course, was better shielding, but it took time to figure out how best to obtain it.

During the same period, Guthrie labored to improve the transmitter Soon Page suggested that
he use a "self-quenching’ or "squegging” circuit. Guthrie recorded the new idea on December 6, and
wrote, "It was decided to try a different type of impulse generator....This should have the advantage of
giving enough power to require no additional amplification. It can be made the actual transmitter."3
That is, instead of using a multivibrator to key a separate transmitter, as Page had done in December
1934, the transmitter circuit was wired to key itself. The economy of design helped provide the high-
power rapid pulse that was needed.

The idea had originated in a conversation Page had with La Verne Philpott, another member of
E‘ the Radio Division and a close friend. Once again the importance of working in a community of radio
; engineers is clear. Page recalled the conversation in this way:

3Charles Susskind, History of Radar: Birth of the Golden Cockerel {manuscript in preparation), pp. 19-23; E. Giboin, “L’évolution
de la détection électromagnétique dans la marine nationale,” I'Onde Electrique 29 (Feb. 1951): 53-64.

% Report from NRL to the Bureau of Engincering, Nov. 1, 1935, in file C-A9-4/EN8 (note 19).
34 Page notebook, vol. Iil (note 12), p. 146,
35 Guthrie notebook 170 (note 29), p. 21.
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1 had been using a squegging oscillator as the test oscillator in the
Laboratory for some time. {I wused it as] my pulse signal
generator....Philpott suggested, "Why don’t you use that circuit in your
transmitter?" That was his input right there. It was unofficial, c:al,
completely informal between us, and of course that was the solution.
That was the flash. Sure, that’s what we’ll do.%

Subsequently, Guthrie transformed the idea into wires and components, but that task also tovk months
to reach completion.

By December 17, Page had decided to replace the circular time sweep, that he had been usirg in
his cathode-ray indicator since March 1934, with a linear sweep and logarithmic scale.” Although this
patterr did not have the virtue of returning on itself and thus being limitless, it was simpler to use and
casier to interpret. Thus began what was later called the "type A" presentation,

By the end of March, the men had their equipment developed well enough to begin thinking
about a practical test. Although the trial of December 1934 had been with a frequency of 60
megahertz, they now chose to drop to 28.3 megahertz. At the lower level, they could use a large direc-
tive antenna, a "curtain array," already in existence at NRL. This would allow them to experiment with
a large amount of power without bearing the expense of a new antenna. As Page recalled,

The construction of an antenna was a big undertaking. 1 hadn’t yet
come to the point in my career where I took seriously the responsibility
for building something big. 1 was building little circuits on bread
boards. A great big antenna—that was clear out of my class. And here
was one ready made, so we matched to that antenna.’®

Within another month, the transmitter, receiver, and antenna were all wired together, all debugged,
ready for the first test. The transmitier was located in the field house and connected to the huge cur-
tain array stretched, like a huge web, between 60-meter (200-foot) towers nearby. The receiver was
positioned in the penthouse of another building, connected with an 80-ohm cable (appropriately brand-
named "giant killer") to a much smaller antenna tacked between wooden posts on the roof. Both the
transmitter and the receiver were extremely fragile, with wires and dials jutting cut in all directions and
tubes glowing unprotected.

The initial test was run on April 28.3? Success came immediately. Planes flying about randomly
were piched up at distances of 4 kilometers (2-1/2 miles). The echoes were clear and distinct. There
was no smearing out or fuzziness, and the received pulses were as sharp as those transmitted. The
ringing of the receiver that had marred the test of 18 months earlier was completely gone.”" The next
day, the plate voltage in the transmtter was jumped to 5000 volts and an .ircraft was followed out 8
kilometers (5 miles) and back.

By now it was clear that Guthrie and Page had attained the goal Taylor had set for them. To be
sure, much effort remained in developing reliable equipment for ships, but there could no longer be
any doubt that it would become a reality. Radar had been invented. A new eye had been upened for
the Navy.

36 page interview (note 1), p. 75.

37 Page notebook, vol. 111 (note 12), p. 148,

38 Page interview (note 1), p. 76.

39 The date may actually have been April 29 Page's and Guthrie's notebooks disagree on this part, see Page notebook, vol. IV
(note 12), p. 8; Guthrie notebook 170 (note 29}, p. 32

40 Page, The Origin (note 12), p. 85 Guthrie notebook 170 (note 29), p. 32. The receiver used in these tests was given by
NRL to the Smithsonian Institution in 1970,
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60834(H-42) g

Fig. 13 — This transmitter, which was used in tests during the spring of
1936, was capable of generating 28-mHz signals of 3.5-kilowatts peak
power and 7-microseconds duration.

SEEING IS BELIEVING

The time had come for demonstrations. On May 6, the equipment was displayed to Taylor, Har-
vey Hayes, Captain Cooley, and other leaders of the Laboratory,*! and a distinct reflection was obtained
from an airplane 27 kilometers (17 miles) away. When, years later, Robert Guthrie was asked at what
point it became obvious that radar would be far more than a routine project, he pointed to this demon-
stration saying, "It was realized right when they saw those airplanes at 17 miles on that unit."*2 His
memory of the event was so strong that he recalled, without hesitation, the exact distance.

A demonstration of perhaps even greater importance, however, came on June 10 Commander
Wilbur J. Ruble and Lieutenant J. B. Dow, both of the Radio and Sound Division of the Bureau of
Engineering, came to the Laboratory to see the equipment in operation. Again, it functioned perfectly
Within two days, a letter signed by Admiral Bowen, head of the Bureau, was dispatched to change the
status of the project. It read in part,

31 page notebook, vol. 1V (note 12), p.9.
2 Guthrie interview (note 30), side 1.
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60834(H-28)

Fig. 14 — This receiver was used in the spring ol 1936 in conjunction with the transmitter shown
in the previous illystration. In both figures, the experimental nature of the equipment is plainly
evident.

The demonstration indicate[d] that material progress toward the
solution of this problem has been made by the Laboratory, and in
view of the importance of the subject and the fact that a practical solu-
tion now appears feasible, the Bureau requests that the remaining work
be given the highest possible priority.

It is requested that work in the immediate future be carried out with a
view to providing for shipboard use one equipment based upon the use
of a manual and motor driven beam operating at the highest frequency
consistent with obtaining the required power with a view to providing in
a single equipment the means for both detection and ranging. The
Bureau will discuss with the Laboratory the detailed requirements as to
size and location of such equipment aboard ship as soon as progress has
been made to an 2xtent warranting discussion of such details.

It is requested, upon receipt of this letter, that the subject problem be
placed in a secret status, that all personnel now cognizant of the prob-
lem be cautioned against disclosing it to others, and that the number of
persons to be informed of further developments in connection there-
with be limited to an irreducible minimum.*

4 Letter from the Bureau of Engineering to NRL, June 12, 1936, in file C-567-5 #1, box 31, records of NRL, Confidential
series (now Unclassified), record group 19, National Archives Building.
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60834(H-64)

Fig. 15 — Echoes from the radar equipment used in 1936 appeared as above. In (a) only
the sweep current is shown; in (b) the sweep current and the transmitted pulse; in (¢) the
transmitted pulse and nearby ground clutter; and in the remainder of views, the echoes
from airplanes as well as what appears in (c).

The mitial phase of the radar project, the invention phase,*® was now complete. The letter from
the Bureau marked the transition administratively. On the technical side, it was indicated by a letter
Robert Page wrote to the Bureau at almost exactly the same time. This letter related in detail the
technical developments up to that point and recommended that the Navy submit secret patent applica-
tions on the basic ideas of pulse radar.*

In the months ahead, Captain Cooley had the equipment demonstrated to many top-ranking naval
officials, including the Commander in Chief of the U.S. Fleet, the Chief of Naval Operations, and the
Assistant Secretary of the Navy. It was the most effective way he had to impress on them the impor-
tance of NRL and to strengthen their support for the institution. Radar and the Laboratory were both
entering a new period of development.

4 For an teresting treatment of the various phases in technical development, see John Jewkes, David Sawers, and Richard
Stillerman, The Sources of Invention, 2nd ed. (New York: Norton, 1969).
¥ Due to its importance, this letter is reproduced in Appendix F.
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7. FROM MOLCEL TO OPERATIONAL EQUIPMENT (1936 to 1940)
THE PATH TO PRACTICALITY

In mid-1936, radar was still very much an experimental device. Pieces of equipment spreading
over shelves of laboratory work cases, wires dangling in air, a transmitting antenna measuring 60
meters square (200 feet square) and stretched between rigid towers 75 meters (250 feet) apart, and a
separate receiver antenna mounted on a wooden frame were hardly components ready for shipboard
use! Furthermore, as reflected by the state of the apparatus, the knowledge Page and Guthrie had
acquired was as yet quite limited. They had concentrated only on putting a test set into operation. To
make radar practical and effective, they now would have to expand their understanding. What fre-
quency would be best for naval use? How could it be obtained with sufficient transmitter power?
What type of antennas should be employed? To what extent were radar pulses affected by atmospheric
conditions and by land and sea clutter? What was the best means of display? How could the delicate
laboratory equipment be modified to withstand the shock and vibration experienced by naval vessels?
These were some of the difficult questions that now had to be addressed.

The success to date, however, had won the project time and increased support. On May 8, 1936,
another engineer, Arthur A. Varela, was assigned to it.' In June, two more were added, and soon there
would be others, including Page’s nephew, Irving Page. By September 1940, the number would climb
to around 12.2  Although not overwhelming, this expansion was without parallel in the history of the
Laboratory.

Once Varela reported to work, Page assigned him the task of developing a set on 200 megahertz.
There were several reasons for this decision. Higher frequencies were necessary to reduce the size of
the antennas for transmission and reception. Moreover, they could be focused more easily and would
give better target resolution. Only the difficulty of obtaining sufficient power restricted how high one
ought to go. Page believed that 200 megahertz was about the limit with tubes currently on the market.
Also, the National Bureau of Standards had developed a 200-megahertz radio receiver that would make
building the new radar receiver relatively simple. With slight modification, this equipment could be
used to detect the echoes, they could then be converted to a lower frequency, and, finally, they could
be amplified without distortion by the receiver Page had already employed successfully on 28
megahertz.® All things considered, 200 megahertz seemed the best choice for quick practical develop-
ment. Still, there was no guarantee that this frequency would work, so Page had equipment built on 50
and 80 megahertz as well.* In addition to being insurance, this equipment helped clarify the relation-
ships between frequency and other characteristics of performance.

While the new sets were being developed, much attention was devoted to components, circuits,
and especially antennas. The curtain array used previously had consisted of stacked dipoles in a verti-
cal plane. Page and his associates now began to wonder if other forms might prove more practical.

TRobert M. Page, laboratory notebook 346, vol 1V, p 12, in records of NRL, Records and Correspondence Management office,
NRL, Washington, D.C.

2Bureau of Ships memorandum for Admiral Van Keuren, Sept. 30, 1940, in the NRL historical file, Historian's office, NRL,
Washington, D.C.

3Page notebook, vol IV (note 1), pp. 12 and 31, transcript of a tape-recorded interview with Dr. Robert M. Page, Ocl. 26 and 27,
1978, in the Historian’s office, NRL, Washington, D.C., pp. 91 and 92.

4page notebook vol. IV (note 1), pp. 27 and 28, Robert C. Guthrig, laboratory notebcok 170, in box 11, job order 67A-6317,
records of NRL, record group 181, Washington National Records Center, Suitland, Md., pp. 41-45.
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They investigated several types, including the Yagi array, which was far less cumbersome and could be
rotated and pointed easily.*

Out of this study came a remarkable new invention. Initially NRL radars had required two anten-
nas: one for reception, one for transmission. oyt Taylor, however, believed it should be possible to
perform both functions with just one. Because of the general importance of restricting additions to the
superstructure of naval vessels, he insisted that the idea be investigated. Young relayed the order to
Page, who remembered his reaction in this way:

Well, when Young broke the news to me, 1 said, "Why that’s utterly
impossible. There is just no way! The receiver just couldn’t possi-
bly take that power from the transmitter.” Young said, "Well, think
about it. There ought to be a way." And 1l did. [Soonl, a fresh idea
dawned on me; it was an inspiration type of thing so that the basic
duplexer circuit was my invention.®

That is, despite his initial skepticism, Page was able to design a new instrument, the radar duplexer,
that did allow both transmitter and receiver to use a common antenna. The duplexer was an electronic
switch that short-circuited the receiver during the time the transmitter was active, thus directing the
pulse to the antenna. Then when the transmitter was off, it relayed weak echoes from the antenaa to
the receiver circuits.” In retrospect, Page would write about the invention,

I had no intellectual idea whethe~ it would work or not, for I did not
understand how it worked, even after it was successful. I did have a
subjective conviction that it would work. This conviction, or faith as
some would call it, was so strong that when it proved successful I was
more elated than surprised. It was not until many years afterward,
when several other people were claiming invention of the radar
duplexer and everyone had a different explanation of its operation, that
I was forced to give a rigorous explanation of how it did work. Then
for the first time, I think I began really to understand it. Then it
appeared that the original form in which I first tried it was the most
simple, most direct, and, for the frequencies used, most efficient design
I could have made.?

The duplexer was essential in making radar suitable for ships. Not only did it bring the economy
of a single antenna, but it also eliminated differences in position and angular direction that had existed
when using two of them. Like so many other aspects of the development of radar, the creation of this
device resulted from personal ability shaped by institutional forces. Page’s inventive talent allowed
him to conceive the duplexer, but only Taylor’s guidance, which was a manifestation of the institutional
situation, made Page reject his initial conclusions about the problem and exercise his talent.

The duplexer and the 200-megahertz radar were given their initial tests at the same time. Varela,
with the assistance of Page and others, had completed the new set in the astonishingly short time of
about 10 weeks. It first went into operation on July 22, 1936.° Although echoes from airplanes were

3 Page notebook, vol. IV (note 1), p. 19.
6Page interview (note 3), pp. 93 and 94.
The technical principles of this invention are well described in Robert M. Page, The Origin of Radar (Garden City, N.Y.: Double-
day, 1962), pp. 106-125.
8 bid., p. 124.
%Page notebook, vol IV (note 1), p. 33.
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pour, reflections were good from buildings and towers. The duplexer worked exccllently Page wrote
in his logbook,

The reflection signals were stronger, as shouvid be expected with the
more concentrated radiation pattern, and the apparent directivity was
increased by combining the same beam patiern between transmitter and
receiver, and the operation was as if the two systems were wholly
independent.'

From this time on, the device would be an integral part of navai radar,

In general, the first results with Varela's equipment indicated that practical radar could be built on
200 megahertz. The principal problem continued to be generating sufficient power. Already the radar
group was using a pair of transmitter tubes in a "push-pull” combination to get greater pulse strength,
but the increase was not sufficient. In mid-December, Page, searching for ever more power, began
experimenting with an extension of this principle by wiring four tubes in a ring. The configuration
worked, and by mid-1937 a four-tube oscillator was in use on 200 megahertz.!" The problem solving
was proceeding apace. At about this time, Hoyt Taylor intervened with a new demand. Radar was to
be tried at sea.

A SHIPBOARD TEST
In his memoirs, Taylor explained why he asked for such an experiment at this time:

In the latter part of 1936, when Vice Admiral A. J. Ilepburn...was
Commander-in-Chief of the United States Fleet, he advised Admiral
Bowen, tten Chief of the Bureau of Engineering, to arrange for an
early aemonstration and practical test of radar witi the Fleet. The
Laboratory was not yet ready to send a search radar to the Fleet, but |
felt that we should make some tests on board a ship with gear we had
even if it was only what we called soap-box equipment. We obtained
an opportuniiy early in April of 1937 to put such equipment on the
USS LEARY, a destroyer which had docked at the Washington Navy
Yard, a very convenient place to make the installation.'?

Page was somewhat displeased with this idea, for he thought it premature.’’ Although he unierstood
well the power of successful demonstrations, he also knew the disastrous effeci a poor one might have
But as Guthrie later remarked, "[Taylor] always liked to see [new equipment] go in the field and be
tried out,"™ and, after all, he was the boss.

The 200-megahertz set was reworked so it could withstand conditions on board the Leary, and it
was placed in makeshift shelters on the deck above the galley. The Laboratory was given use of the
destroyer for a month and spaced out the tests in two periods. a week at sea and, after a week in port,
a second weck at sea.

'l‘:lbid., p. 34,
2/bid., p. 48.

) SA Hoyt Taylor, Radfio Reminiscences (Washington: NRL, 2nd printing, 1960), pp. 175 and 176.

Tape-recorded interview with Mr. Robert C. Guthrie, Apr. 13, 1978, in the Historian’s office, NRL, Washington, D.C., side 2.

1 1bid,
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Fig. 16 ~ The first (ests of radar ut ses were mude with the equipment shown here on hoard the
USS Leary. To the far right, mounted on @ gun, is a Yagi antenna for the radar.

Numerous experiments were made 10 investigate transmitter and receiver performance.'®  In
addition, several Yagi and planar antennas were designed to be mounted on the guns of 1he ship so
they could % rotated and pointed. The radar functioned fairly well, but results were disappointing.
Ranges of only around 25 kilometers (15 miles) were obtained on aircraft, a dismal showing compared
to the 65 kilometers (40 miles) that had been reached back at NRL. Distances with the planar antenna
were somewhat better than with the Yagi, but not much. Mainly, the test reconfirmed wisat the men

had already known: pulses with the existing transmitter were too weak. '

After the expedition, a detailed scarch was begun ¢, all tubes available on the commercial market
to find something more suitcd lor generating strong pulses.'’ Before long, attention was fixed on a new
product of the Eitel-McCullough Company, the Eimac 100TH." This tube had been developed princi-
pally for amateurs, who were known to be hard on their equipment~—it was said they checked the qual-
“ity of a tube by secing if it would glow hot enough to light pages of Radio News! Thc company had
decided to design tubes that could stand the abuse, the Eimac 100TH was one result,

Experimentation at NRL showed that it was well suited for the radar transmitter. For a few
microseconds at a time, it could take up to 10 to 15 kilovolts on the anode, although it was rated for

" Louis A. Gebhard, The Evolution of Naval Radio-Flectronics and Comtributions of the Naval Research Laboratry (Washingtlon:
NRL Report 8300, 1979), pp. 176-17K,

" puge interview (note 32, pp. 97 and 98.

" toud,, p. 102

™ Gebhard, op. o, (note 18), p. 178; Henry Guerlae, Radar in World War 11 (unpublished history of Division 14 of the National
Delense Research Committee, 1947), p. 108,

102

A ’
. » . 0 s [ » ’ ]

R T e e



o g

NRL REPORT 8466

continuous use at far lower levels."” Its internal dimensions were sonuewhat large for generating 200-
megahertz oscillations, but this problem was solved by using a high pousitive-plate voltage, thus decreas
ing the transit time of clectrons from cathode to anode so that output frequency was boosted. In
short, it could give high power at high frequencies and yet was also rugged cnough for naval use.

Following the Lcury test, Page had alsu turned his thoughts back to the ring circuit design for the
tranamitter, to determine how it could be modified to increase power. He soun concluded that "This
circuit can readily be extended to include any cven number of tubes,”™ and drew a diagram of a circuit
calling for six. On January 26, 1938, he began using LCimac tubes in this configuration. Excelient
resu.is were obtained within a few days. The key to a transmiitter of sufficient power had now been
found.

While Page and several associates concentrated on the transmitter, others in the group modified
the receiver. Basically, the earlier designs were fullowed, but the circuits of the Burcau of Standards
detector and Page’s 28-megahertz set were now restructured to incorporate lessons that had been
learned during the £.st year and a half of radar rescarch. Other components—the sweep circuit, the
pulse modulator, and the display —also were rebuilt. And a rotating antenna vwas added. Page recalled,

The antenna mount was developed by a man by the name of Shuler in
the drafting room. lle got an old truck axle out of the junk yard and
used that for the horizontal member and where the differential came he
put the vertical shali down through the roof to the platform below. lie
used a piece of sewer pipe for the vertical post that it was mounied on.
[He] buiit bearings to hold it, and then where the truck wheels would
be, he had the mounts for the antenna so that you cguld rotate on
those to elevate it. Then he ran a rod down the side of the sewer pipe
with a crank at the bottorn so he could crank it tnere and that would
rotate the antenna on the ends of that axle. That was the antenna
mount.?!

By mid-February, the new 200-megahertz set iad its rotating antenna were finished. After noting one
final modification, Page penned in his log,

This completes the entire 200 mc development of radio echo equip-
ment. This development was started on the 8th day of May, 1936,

and completed on the 17th day of Feb. 1938. The completed system is
to he kept in operation for demonstration purpcses, at least until equal
or better operation is obtained at higher frequency.?

The natural inclination of the radar group was to continue experimentation, pushing up to higher
frequencies and exploring new designs. But the Bureau of Engineering had other ideas. Commander
Wilbur J. Ruble, head of the Radio Division, was already pushing for rapid introduction of eyuipment
into the fleet. Pressure from him had been one reason the 200-megahertz set was put in finished form.
Indeed, he had called for production specifications as early as December 1937.2* The Laboratory
had provided them but warned, "the present state of development of radio ranging equipment does not

19 Page interview (note 3), p. 103,

" Page notebook, vol. IV (note 1), p. 62,
Page interview (prote 3), p. 104,

2 Page notebook, vol. IV (note 1), p. 73.

3 Ibid., p. 65.
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permit the writing of performance specifications that have much significance, save pethaps for fixed sta-
tions on land"* On February 3, however, Page could report to the Bureau that "The small equipment
now under development should be practical for shipbuard use, at least as a preliminary model for ser-
vice tests."?* Its completion later in the month led to a crucial administrative decision.

PRODUCING A PROTOTYPE

On Februart 24, a meeting was held at the Burcau of Engineering. Its purpose was "to discuss the
status, prospective application, and further action in connection with Problem WS5-2 at the Naval
Research Laboratory."?® Present were representatives of NRL and of the Bureau of Engineering, the
Burcau of Ordnance, the Bureau of Aeronautics, the Bureau of Construction and Repair, and the Office
of the Chiel of Naval Operations—all the Departments of the Navy responsible for technical develop-
ment.

It is interesting that the NRL represeutatives were Captain Cooley, the Director, Lt. Cdr. M. E.
Curts, Officer Assistant for the Radio and Sound Divisions, and Hoyt Taylor, head of the Radio Divi-
sion. Neither Page nor any other person who worked on the technical details of radar was included.
This was typical. As Page recalled, at two points in an interview, "Everything that went on in [Taylor's]
Division was his. He made the decisions, he made the inventions,” and "he was the boss and I was the
little boy in the back room. That relationship always existed fundamentally."??

The meeting focused on the need for rapid practical development of radar. Thus Captain McFall
of the Office of the Chief of Naval Operations,

outlined the great importance and value to the Naval Service [of
radio detection equipment] and the utmost importance of expediting
this development as much as possible; also the necessity for various
interested Bureaus to make such provisions as might be necessary for
the installation of this equipment on new construction vessels.?

The result was predictable. NRL was ordered to build a set "for the earliest practical date of completion
for experimental installation and operation in the U.S. Fleet."? The Bureau of Engineering set the tar-
get as September 1 and promised to supply three additional men for the effort. The estimated cost was

$25,000 including the salaries of the new employees.*®

A new project was established at NRL to complete the task. Louis Gebhard, who had been a
close associate of Taylor since World War |, was chosen to head it. It was hoped he could rely pri
marily on new personnel, so that present members of the radar group might continue research. This,
however, was not to be. The Bureau of Engineering, as frugal as ever with its research money, reneged
on its promise to bring in more engineers at this time. A letter of March 28, 1938, said,

In view of the number of problems at the Laboratory recently com-
pleted and nearing completion and the unlikeli..ood of any additional
preliminary model test work during the next six months, the Bureau

3 Letter from NRL to the Bureau of Engineering, Jan. 7, 1938, in file S-S67 5 #1, box 4, records of NRL, Secret series (now
Unclassified), record group 19, National Archives Building.
gz Letter from NRL te the Bureau of Engineering, Feb. 3, 1938, in file S-567-5 #1 (note 24).
Bureau of Engineering memorandum for files, Feb. 28, 1938, copy in NRL file $-567-5 #1 (note 24).
B Page interview (note 3), pp. 48 and 71.
$ Burcau of Engineering memorandum for files, Feb. 28, 1938 (note 26).
1bid.
chporl of consultative service by M.E Curts pertaiaing to the meeting of Feb, 24, 1938, in file 5-567-5 #1 (note 24).
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desires to accomplish the work with the existing Laboratory personnel.
If desired by the Director, it will be feasible to cancel or reduce the
4 priority of several existing problems in order to make personnel avail-
able in connection with the construction of this equipment.3!

T T

Whatever the intent of the Bureau, this had the effect of tying the original radar group to the design
effort and slowing further research.

NRL was accustomed to transforming experimental sets into service equipment, and doing so with
radar, although by no means easy, was routine. The main problem was reducing size and weight and
increasing ruggedness without drastically changing performance. The antenna cauced the greatest
difficulty. NRL felt its planar shzpe could not be made smaller than 5 meters (17 feet) square or
3 t reduced in weight below 385 kilograms (850 pounds).’? The resulting structure was so cumbersome
that it could be mounted with sufficient height only on a battleship or aircraft carrier. And not every
captain of even these large vessels was willing to be a guinea pig for the new gadget. After some
debate, it was finally decided that it would be placed on the USS New York. According to Hoyt Taylor,
this was largely "because Admiral A.W. Johnson, commanding the Atlantic Squadron, had seen our

f radar equipment and was very eager to give it an opportunity to be tested at sea3 The New York was
Johnson’s flagship.

e

On December 8, the finished set, now labeled the XAF, was shipped from the Laboratory. It had
been designed and built in 8 months by seven engineers, three draftsmen, and the NRL shop force,
except for the antenna, which was constructed by the Brewster Aeronautical Corporation according to
NRL’s plans. Total cost was just over 325,000, very near what had been initially predicted. The radar
was installed quickly and was ready, as had been hoped, for the fleet exercises that were to be held in
the Caribbean in January through March 1939.3* The sailors on the New York were told as little as pos-
sible about the secret device, but they could not help noticing the bizarre new antenna overlooking the
deck. In appearance it was a hollow rectangle with strands of dinoles crisscrossing the open area at right
angles. They dubbed it the "flying bedspring."$

Surprisingly, the XAF was not the only radar to be tesied on this historic expedition. The
Bureau of Engineering hac! concluded that it was unwise to depend only on its in-house research labora-
tory and had given a contract to the Radio Corporation of America to build another model. This con-
tract was the beginning of the Navy’s relations with industry in the radar field; hence the background to
it is significant.

Around 1932, RCA had begun a general investigation of radio microwaves.’® Dr. Irving Woiff,
who headed the effort, later recalled why it was initiated. "I decided it might be sensible to start some
work on microwaves....There was work going on in Germzay and Japan, but nothing in the United
States.">” The motivation, that is, was simply to make a broad, fundamental study of microwaves in
nopes that ultimately it would pay off for the company. The structure of RCA’s research division was

2 31 Letter from the Bureau of Engineering to NRL, Mar. 28, 1938, in file $-S67-5 #1 (note 24).

Letter from NRL to the Bureau of Engineering, Dec. 1, 1938, in file 5-S67-5 #1 (note 24).
3Taylor, Radio Reminiscences (note 12), p. 191.

Gebhard, The Evolution... (note 15), p. 189; memorandum from L.A. Gebhard to A.H. Taylor, Feb. 6, 1939, in file $-S67-5 #1
(nole 24),

% Taylor, Radio Reminiscences (note 12), p. 191.

$Information about RCA’s work was derived mainly from three sousces: Irving Wolff, "The Story of Radar,” Radio Age5 (Oct.
1945): 10-13; idem, "Radio Vision—~The Early Days of Radar at RCA,” RCA Engineer 23 (Feb.-Mar. 1978): 11-13; and "RCA’s
3Conmbuuon to the War Effort Through Radar, 1932-1946" (unpubhshed manuscript obtained from RCA), section 1.

T Tape-recorded interview with Dr. Irving Wolﬂ' circa 1976, in the Historian’s office, NRL, Washington, D.C., part |, side 2.
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Fig. 17 — The antenna (open rectangular structure on the center of the picture) for
the first production model radar, the XAF, as it appeared on the USS New York. Its
shape carned it the epithet "flying bedspring.”

such that Wolff needed only to get approval from his boss to commence his study—he and his col-
leagues had far greater freedom for undirected research than researchers at NRL.

Like everyone else who studied microwaves in the early days, the men at RCA had difficulty gen-
erating much power. But, by 1934, they had test eyuipment cperating well enough for demonstrations,
and they displayed it at the annual meeting of the Institute of Radio Engineers. One particular
phenomenon they pointed out was the reflection of microwaves by metal nbjects and ionized gases.
Later in the year, the Signal Corps invited them to bring their equipment to Sandy Hook, New Jersey,
and test it for communications purposes. During the experimentation, they found that it might prove
useful for detection of objects. Wolff remembered,

[The Signal Corps representatives] said, "Do you think it would be pos-
sible to detect a boat? Would you be able to reflect these microwaves
off a boat? We said, "Well we might just as well try." And so there
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was a boat coming in the harbor, and we tried it, and sure enough, we
pointed it towards this boat and we could get a signal off the boat
whic” combined with a signal coming directly from the transmitter to
give us a beat. And I guess that was our first radar experiment.’

Soon, Wolff and his associates learned that work was being done in France on the use of microwave
equipment for navigation—for detection of icebergs and other obstacles. This, along with their own
cxpenimental results, led them to begin pursuing that possibility themselves. RCA’s research director,
who was encouraging them to find applications for the research, also believed it was a good idea.*

Once committed to practical equipment for radio detection and ranging, the men, like their coun-
terparts at NRL, soon realized that pulses were better than continuous-wave transmissions because they
made distance determinations so easy and direct. Looking back, Wolff, who previously had worked in
acoustics at RCA, believed that the idea of pulses came to him either through his experience with
sound ranging equipment, which relied on pulses, or his general knowledge of radio ranging of the
ionosphere with pulse transmissions.*” Whatever the source of the thought, he and his colleagues pur-
sued it nd, by 1937, had an experimental microwave pulse radar operating on the roof of an RCA
building in Camden, New Jersey. With it they could get echoes from tall buildings in Philadelphia,
abov 3 kilometers (2 miles) away.

The Bureau of Engineering kept in close contact with RCA and was well aware of its studies in
the ..dar field. Sometime around mid-1937, it disclosed to the company the results of the work NRL
had done*! and negotiated an agreement for the construction of a 400-megahertz pulse radar set. There
was some further exchange of information between NRL and RCA, but not much.?2 The equipment
was designed and built, not by Wolff and his staff, but by the RCA Production Department. As it had
done with the XAF, the Bureau of Engineering pushed to have this set ready by early 1939, so it could
be tested in the fleet exercises.*> The radar, called the CXZ, was finished and was installed on board
the battleship USS Texas in January 1939,

The engineers at NRL had not protested the F.CA contract, but they were unhappy about it
They too had worked on higher frequency radar, and for the Bureau to allocate part of its limited
budget for simular research by a private company seemed to them a disappointing lack of confidence
The situation was particularly irksome because RCA was given $60,000 for the CXZ as compared to the
$25,000 NRL got for the XAF. The fleet exercises, therefore, assumed an ai~ of competition Here, it
appeared, was the verbal debate of 1932 over the value of in-house versus industrial research made
manifest in hardware!

RADAR GOES TO SEA

A journey to the Caribbean in January was welcome relief from winter in the Northeast, but the
two te.ms of radar engineers had little chance to enjoy the weather. Tests of their equipment began

38 tbut. See also "Range Tests with 75-um Radio-Optical Equipment,” Signal Corps Laboratories, Fort Monmouth, N J, Engineer-
ing Report 288, n file C-S67/35, box 22, job order 11101, records of NRL, record group 181, Washington National Records
Center, Suitland, Md.

3 Wolff interview (note 37), part 11, side 2.

%0 1pid. Wolf*s remarks on this point, however, were not recorded.

oyt Taylor, Radw Remmuscences (note 12), p. 192, NRL had explicitly agreed to outside contracts by the Bureau See the
memorandum from NRL to the Bureau of Engineering, June 30, 1937, in file $-567-5 #1 (note 24).

**Memorandum from E.IL. Pierce to the Director, NRL, Oct. 6, in file S-567-5 #1 (note 24).

43 etter from the Bureau of Engineering to the Chief of Naval Operations, Dec. 19, 1938, in file $-S67-5 #1 (note 24).
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immediately after 1t was installed and they continued throughout the cruise.** First came the mundare
but cruuial task of determining whether there would be any interference between radar and existing
electionic equipment on buard. Fortunately there was none. Next followed a series of experiments to
measure the ability of the new devices to detent fixed objects, such as land targets and buoys, and mov-
ing objects, particularly ships, shells, and aircraft. How well could radar warn of the presence of enemy
vessels? How effectively could it signal impending attack, especially at night or in fog? Could it track
shells and thus be of use for fire control? How would it perform during the confusion of battle® All
these questions had to be answered.

Throughout the tests, the XAF worked exceedingly well. It eperated continuously for 16 to 24
hours a day, in high winds, rain storms, and gunfire as well as in fair weather. Only two tubes and
three other components had to be replaced during the entire expedition. Ships were ranged at distances
over 16 kilometers (10 miles), aircraft were ranged at up to 77 kilometers (48 miles). Buoys were
detected in excess of 6 kilometers 4 miles). The set could follow 14-inch shells in flight and could see
splashes of both S-inch and 14-inch shells at distances up to 13 kilometers (8 miles). Even large birds
would cause noticeable pips on the screen!*

The highlights of the tests came in mock attacks, the first of which occurred on January 16. Page
recalled it this way:

They told me, "tonight we’re going to have a simulated destroyer test."
They said, "we’re going to send a destroyer out over the horizon and
then he’s going to come in with lights out and approach us to make a
simulated torpedo attack. We want to see if you can pick him up."
We weren't told when they were going to come, but the skipper knew
when they were going to come, [and the] Admiral knew when they
were going to come. The Admiral of the Fleet {A.W. Johnson] was on
our ship. So we went up to turn on the equipment and watch it while
he went to the movies.

When the movies were over, he came up. He started watching the
scope—he watched it and watched it—and he knew it was time for the
attack, and he didn’t see anything. Finally, he gave up and said [that]
he had gotten tired of watching the scope. He turned to leave.
[When] he got to the doorway, he stopped for some reason and turned
around and came back to look once more before he went down. Within
a couple of rotations of the antenna, as we swept past, he saw the des-
troyer. He saw it, and like a kid he jumped, "There she is"" And ... 1
think it was 9000 yards where we picked up the destroyer. "Ali right,”
he said—he just stayed right there, watched [the screenl, and we
tracked [the destroyer] in. We gave him the bearing. He said, "All
right, turn on the searchlights on that bearing."

So we turned on the searchlights. We didn’t see a thing. It was
slightly hazy and we got the reflection off the haze and the lights and
couldn’t see very far. [But] the next day, the officers from the des-
troyer [and] the destroyer skipper came aboard. [The skipper] was just

“ Robert Pace kept 4 notebook duning the voyage on tests with the XAF. Robert M. Page, notebook 152, in records of NRL,
Revords anu Correspondence Management office, NRL, Washington, D.C. Another source is a letter from R.M Page io the
Cummander, Atlante Squacron (Engineer’s Report on Service Tests of Model XAF Radio Ranging Equipment), Apr 8, 1939, in
file S-567-5 #1 (note 24). See also the Page interview (note 3), p. 108.

# page interview (note 3), p. 114.

108




NRL REPORT 8466

a little bit shaken. He said, "what’d you have on that ship last night?
When you turned on your searchlights, you illuminated my lead de-
stroyer!"46

In a second drill run on February 21, the destroyer captains were apprised of the radar in advance
and were told to try to avoid detection. Yet again they were picked up outside of effective torpedo
range. Page remembered the general reaction after the tests:

These performances were at night, with no possibility of seeing the de-
stroyers. Their lights were out. That really impressed the officers.
From then on they were sold on the stuff and they would give us any-
thing we wanted.*

Later in the month, a simulated battle was fought. During it, the XAF proved it could easily
spot both "friendly” and "enemy" aircraft. This informaticn was of limited value, however, since there
was as yet no way of telling the difference between them.

Compared to this outstanding performance, results from the CXZ were disappointing. The set
had been rushed into development and showed it. Exposed parts deteriorated rapidly in moisture, and
the equipment would not withstand the shock of heavy gunfir Ranges on objects were far less than
those with the XAF—only 8 .0 12 kilometers (5 to 7.5 miles) on large ships, and merely 5 to 8 kilome-
ters (3 to 5 miles) on aircrsft. Warning was successfully given in several mock attacks but again at
ranges shorter than those ar orded by the competing device.*® The Commanding Officer of the Texas
concluded, "The apparatus, as actually installed on board TEXAS would be of very little value in war.
It might be described as in a ‘highly experimental state.™ Then he added hopefully,

The Commanding Officer discussed it on a number of uccasions with
tne senior R.C.A. Engineer on board, and agrees with that gentleman
that the R.C.A. personnel learned enough this winter to insure that the
next model of this apparatus will be much more practical and valuable.
The apparatus displayed potentialities which, when developed, would be
invaluable in war.’

Page and the other NRL personnel on the expedition could not help but be pleased with the turn
of events, but they empathized with the failures experienced by RCA. As Page wrote to Leo Young,

The performance of [the RCA] equipment has been very disap-
pointing...and the officers of [the TEXAS] make no secret of the fact
that they do not think much of it....While [this] may enhance our own
success, it is not the kind of thing I like to see happen, even to our
rivals. >

Page knew that practical radar was possible at 400 megahertz and even higher frequencies and hoped
that the poor showing by the RCA set would not dampen enthusiasm or support for efforts to move up
the spectrum.

36 1pid., pp. 116 and 117.

7 Ibid., p. 118.

8 Letter from the Commanding Officer, USS Texas, 1o the Commander, Atlantic Squadron, Mar 19, 1939, in file $-S67-5 #1
(note 24).

9 Letter from the Commanding Officer, USS Texas, to the Commander, Atlantic Squadron, Mar. 24, 1939, in file S-S67-5 #1
(note 24).

soLetter from R.M. Page to Leo Young, Mar. 3, 1938, in file $-567-5 #1 (note 24).
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That [radar] be installed at once on all [aircraft carriers] and as soon as
possible on other vessels. 1 would make no reduction in size at the ex-
pense of range for the present, particularly for [carriers]. The device
looks big, but really caused very little inconvenience. After all we can’t
expeglt to get something for nothing. It is well worth the space it occu-
pies.

v, Admiral Johnson echoed this view in his report to the Bureau of Engineering:

Commander, Atlantic Squadron considers that the equipment is one of
the most important military developments since the advent of radio
itself. Its value as a defensive instrument of war and as an instrument
for avoidance of collisions at sea justifies the Navy’s unlimited develop-
ment of the equipment....

Commander, Atlantic Squadron considers that the present state of
development of the equipment is such as to NOW warrant making it a
permanent installation in cruisers and carriers.

EQUIPMENT FOR THE FLEET

On a motion...concurred with by all...representatives, it was agreed to
recommend that procurement of from 10 to 20 of the [radar] devices in
their present form, with only minor and readily accomplished changes,
be undertaken at once. for installation and Service trial on vessels of
the Fleet; this procurement not to interfere with concurrent develop-
ment. Immediate procurement was considered imperative because (a)
the device is of great military value in its present form; (b) experience
in Service will permit exploration of its capabilities and limitations, will
provide training in its use and will point the way to further develop-
ment; (c) the international situation requires that immediate advantage
be taken of every device leading to greater military effectiveness; (d)
there is no positive guarantee that development of the improved device
will be successful >
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The official judgment on the XAF was exactly the opposite of what it had been for the CXZ. The
Captain of the New York recommended

In conclusion, he noted that he was “especially impressed with the efficiency and capabilities of Mr.
Page. His services are, it seems, most valuable to the government, and it is recommended that the
Bureau assure his retention in the government service"S? The Bureau agreed with the Admiral’s
appraisal and followed his advice.

The status of radar now zoomed upward. Soon it was redesignated special project 1 of the Office
of the Chief of Naval Operations, and on May 8, 1939, representatives of NRL, all the material
bureaus, and the CNO met to determine the next step. As might have been expected, the result was a
call for immediate action:

S etter from the Commanding Officer, USS New York, to the Commander, Atlantic Squadron, Mar. 24, 1939, 1n file $-S67-5 #1

52Letter from the Commander, Atlantic Squadron, to the Bureau of Engineering, Apr. 4, 1939, in file S-S67-5 #1 (note 24).

53Memorandum for file of the Office of Chief of Naval Operations on the Conference on Special Project 1, May 8, 1939, in file
$-S67-5 #1 (note 24)
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This recommendation was accepted. Next came the dec:sion of who would build the equipment.
Realistically, there were only two possibilities. Western Electric Company or RCA. Both had been told
about NRL's highly secret developments, and both were already working in the radar field. Representa-
tives of RCA came to the Laboratory on May 19 to learn more about the XAF, which the Navy wanted
to be copied exactly, Western Electric engineers visited on May 26.** Later, to help expedite the bid-
ding process, NRL drew up complete intructions for production, although even this, as Louis Gebhard
moaned in one report, would not help much. He wrote,

Manufacturers...indicated they would require 100-180 days for first
model and 120 days after release to complete contract. It will take a
year to get this equipmentt AND MFGR HAS EVERYTHING
WORKED OUT FOR HiM! [Emphasis is in the original.]%

On October 17, 1939, it was announced that RCA had won the bidding.’® Meanwhile, the Bureau
of Engineering had decided to limit initial production, so only six sets were ordered. Construction went
smoothly, although RCA was not thrilled about having to copy NRL’s design so closely. For one
thing, this meant having to use tubes produced by Eitel-McCullough, a competitor.”” Furthermore, at
least as Page recalled,

They rebelled at having to copy the Laboratory equipment. This was a
government Laboratory; they didn’t know how to do anything. [RCA
thoughtl, "if we are forced to put out a piece of equipment that they
developed and we have to copy it and can’t design it right, it’s going to
rcact against us in public relations. 1t’s going to cost us something in
our reputation."... [Moreover] I insisted that the nameplate include the
words, "Developed by the Navai Research Laboratory." And I think I
had more trouble over that than any other thing about it. They abso-
lutely refused to do it! And the Bureau would not make them do it. 1
made such a fuss that finally, the Bureau made them do it. Then,
instead of putting it on their nameplate, they made another nameplate,
a little tiny one they put down on the bottom corner—"Developed by
the Naval Research Laboratory."8

Nonetheless, the work got done. The first preliminary model was delivered in November 1939, the first
finished, or production, model in May 1940. The other sets followed soon afterward.

The equipment went aboard the heavy cruisers Chicagv, Chester, Pensacvla, and Nurthhampton, the
carrier Yorktown, and the battleship California.® Once tests had shown the value of these sets and
some slight modifications had been made, 14 more, now called the CXAM-1, were produced. These
were placed on the heavy cruiser Augusta, the light cruisers Albermarle and Cincinnati, the carriers Lex-
ington, Saratoga, Ranger, Lnterprise, and Wasp, the battleships Texas, Pennsylvania, West Viginia, North
Carolina, and Washington, and the seaplane tender Curtis. Almost all were installed by the beginning of
American involvement in World War 11.° During the conflict, CXAM sets would make a good showing

$4Records of consultative services for May 19, 1939, and May 26, 1939, both in file 5-567-5 #1 (note 24).

:ZRecord of consultative services for June 21, in file 5-S67-5 #1 (note 24).

Record of consultative services for Oct. 17, 1939, in file S-S67-5 #2, box 4, records of NRL, Secret sertes (now Unclassified),
record group 19, National Archives Building.
$page interview (note 3), p. 113.

8 1bid., pp. 112 and 113.

9Taylor, Radio Reminiscences (note 12), p. 197,
0Gebhard, The Evolution... (note 15), p. 183, Cdr. Charles W. Harrison, Jr., USN, and James E. Blower, "Electronics— Your Fu-
ture,” Journal of the American Society of Naval Engineers 62 (1950): 116.
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for themselves and contribute substantially to naval operations. Fleet Admiral King, for example,
noted in his final report on the war, "Radar of this type contributed to the victories of the Coral Sea,
Midway, and Guadalcanal."$!

60834(H-13)

Fig. 18 — To the left is NRL's XAF radar and to the right, the production model based on it, the CXAM,
twenty of which were built for the Navy by RCA.

A handful of engineers at NRL had worked for 17 years—at first sporadically, then hurriedly —on
the research and development that underlay these first naval radar sets. They were a great accomplish-
ment. But they were only a shight indication of the power of radar. The men had not just designed a
single device, they had helped open a whole new field of electronics that would yield a huge assortment
of equipment that could perform a host of functions, a field whose limits of productivity are, even
today, undetermined. Looking back it seems that perhaps RCA was right in talking not of "radar,” but
of "radio-vision."%?

adm EJ King, USN, "United States Navy at War. Final Official Report to the Secretary of the Navy,” US Naval Instuute
Proceedings 12 (1946): 171.

The RCA name, later dropped in favor of the widely accepted Navy terminology, is discussed in Irving Wolll, "The Story of
Radar” (note 36).
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8. A DEVICE BECOMES A FIELD

Although no one in the 1930s could have forescen the vast potential of radar, researchers clearly
understood that the basic ideas inherent in it might give rise to a wide variety of different devices.
Thus, it is hardly surprising that even before the work described in the previous three chapters was
complete, other, related development programs were underway both at NRL and elsewhere. Neglected
in these previous chapters in the interest of concentration, some of these must now be considered as
we examine the transformation of radar into a broad field of technology.

EARLY MICROWAVE RESEARCH AT NRL

It is now well known that the microwave region of the electromagnetic spectrum, a variously
defined region in which wavelengths are measured in centimeters and that here will mean frequencies
between 300 megahertz and 30,000 megahertz, is the most useful for radar (Table 3, in Chapter 4).
Basically this is because microwaves can be focused more casily than waves at frequencies below 300
‘ megahertz, require smaller antennas, and give better target discrimination.! Although similar to light in
physical characteristics, they have the power to penetrate fog and other atmospheric conditions that
would reflect or absorb visible rays. All these advantages were generally understood even in the early
days of radar development. In fact, both RCA and the Army began their investigations of radio detec-
tion by studying microwaves.?

The Naval Research Laboratory had made its technical reputation by pushing the edge of radio
research higher and higher up the electromagnetic spectrum, and it too became interested in using
microwaves for detection at a relatively early date. Indeed, for several years in the mid-1930s, the
Laboratory put as mucu emphasis on microwave research as it did on short-wave radar research at lower
frequencies. Only when the latter seemed clearly to be the quickest path to practical equipment was
work concentrated on these lower frequencies. The story of NRL's initial research on microwaves,
although it did not lead 10 practical equipment, is worth recounting as counterpoint to the main themes
discussed in previous chapters and as a means of illuminating the broad institutional character of NRL’s
development of radar.

Although many civilian scientists at NRL foresaw the general importance of microwaves, the plan

to study them for the purpose of detecting and ranging objects originated with a naval officer, William

S. "Deke" Parsons, who was stationed at the Laboratory as a liaison officer for the Bureau of Ordnance.

| A 1922 graduate of the Naval Academy, Parsons had 8 years of experience in the fleet and 3 years of

postgraduate instruction in ordnance before coming to NRL. Already, he was proving himself to be

one of the most capable technical officers of his generation. This ability would become even clearer in

World War II, when he would become involved in the Manhattan Project and win the respect of

America’s top physicists. Indeed, he would be the man chosen to make the final preparations on the
first atomic bomb ever used in combat.?

Parsons reported to the Laboratory in July 1933. Soon he was apprised of the radio detection

- project, and he immediately envisioned application in the area of gunfire control, a major responsibility
E 11 ouis N, Ridenour, Radar System Engineering (New York: McGraw-Hill, 1947), pp. 10 and 11.

2Irving Wolff, "The Story of Radar,” Radio Age 5 (Oct. 1945). 10-13, Dulaney Terrett, The Signal Corps. The Emergency (Washing-
- ton: GPO, 1956), pp. 40fT.
. Biographial sketch of Witham S, Parsons, records of the Officer Biographies Branth, Office of Naval Information, in the Opera-
d ‘t tional Archives Branch, Naval History Divison, Washington, D.C.
1
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of the Bureau of Ordnance. le was astonished that no one else had seriously considered the idea.
Years later he recalled the situation in this way:

N At that time there was good liaison with the Navy Department (Radio
X Division, BuEng [Bureau of Engineering]) in only two fields; testing
and development of radio equipment, and development of underwater
sound equipment. In other fields, including BuOrd [the Bureau of Ord-
1 nance}, BuAer [the Bureau of Aecronautics], BuC&R [the Bureau of
Construction and Repair], and OpNav [the Office of the Chief of Waval
Operations], the liaison was very sketchy it seemed because neither side
would take the initiative.

To show how inadequate was the knowledge of fire control essentials at

NRL at that time, one of the senior physicists was surprised at my
\ enthusiasm over the radio echo possibilities and remarked that he

understood that the Navy had such fine optical range finders that radio

echo [devices] could improve matters very little. I was tremendously

surprised to find that BuOrd had not been informed of these possibili-

ties, al&hough the War Department had been informed eighteen months
! earlier.

Was this not the result of putting NRL under the control of the Bureau of Engineering instead of
guarding and emphasizing its position as a general research institution for the Navy? Was it not
confirmation of Captain Oberlin’s warnings?®

Resolved to initiatz a research project, Parsons conveyed to his superiors at the Bureau of Ord-
nance his vision of the importance of radio ranging in a letter sent by the Director of NRL to the
Bureau on August 2, 1933, It stated,

It is desired to inform the Bureau of Ordnance regarding a development
in radio research which has possible applications in fire control work
and airplane detection.

In tests of super-high frequency radio transmission to airplanes, certain
beat notes were heard in receivers located on the ground at a consider-
able disiance from the transmitting station. These beat notes were
found to be caused by a combination of the transmitted and reflecred
waves which were oul of phase by an amount proportional to the rate
of change of distance between the reflecting ohject and the transmitting
and receiving stations. Bcats were obtained at ranges above 20 miles
and at altitudes above 8000 feet....

When the distance between transmitter and receiver is negligibly small
¥ compared to the distance between them and the reflecting object, one
: beat occurs whenever the distance (range) changes by one half wave
length. Wave lengths used to date have been about four meters. Using
micro rays (wave length less than 1 meter) reflection should be
improved.

3Letter from WS Parsons to E.B Taylor, Nov. 6, 1945, in file P16-1/00, box 3, account 38-76-81, records of the Chief of Naval
Operations, record group 38, Washington Mational Records Center, Suitland, Md. 1 am endebted to Mr. Derk Bruins for bring-
= ing this letter to my attention.

B sQuotaxions cited in Chapter 5 by notes 22, 30, 31, and 40.
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Comments on Parsons’ suggestion by Bureau of Ordnance officials have survived.” One said,
"Recommend that this be followed up,” but the other readers of the proposal were not impressed One

officer wrote,
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Possible applications of this development to fire control and aircraft
detection work appear to be:

(a) Continuous n:easurement and indication of the exact rate of change
of range to a surface target.

(b) Aircraft detection, possioly followed by measurement of the rate of
change to the target when located.

To date, work along these lines, due to the large number of urgent
Engineering vroblems, has been going on slowly toward the develop-
ment of a device for airplane detection by means of beats. In view of
the fact that the airplane detection and fire control features apply to the
Army as well as the Navy, it is possible that the Army has done work
along these lines or would cooperate in further research and develop-
ment. Should the Bureau of Ordnance feel that this work merits
greater effort, it would be necessary under the present set-up to support
the work financially. An outlay of $5,000 a year would permit hiring
additional personnel whose services would be devoted exclusively to
this project.5

Can this be developed for measurement of range? If not, then it would
seem that immediate efforts should be concentrated on development
for airplane detection, as the detail of most immediate military value
onboard ship, where "listeners" are not used.

Another answered,

In technical detail these analyses are correct, but they show no appreciation of the promise of con-
tinued research. Indeed, it is the attitude they reveal that is most important. Like the Bureau of
Engineering, the Bureau of Ordnance was closely tied to practical develepment in these years and was

Use of "beat" frequency will not measure anything but ratio and to do
this for surface or aerial targets it must be known definitely that the
reflected signal from target is the ship or plane on which range rate
(along line of sight) is desired to be established. Until beam transmis-
sions can be reduced to much smaller values this method has no possi-
ble use.

hesitant to support anything that would not produce quick results.

Undaunted by the initial reactions, Parsons followed up his first request with a second on Sep-
tember 15. He now acknowledged the problems of ranging objects when using the continuous-wave
method, but he indicated that the problems could be solved by modulating the transmitted waves in

“Letter from NRL to the Bureau of Ordnance, Aug. 2, 1933, in file S-67, box 208, entry 25, records of the Bureau of Ordnance,
record group 74, Washington National Records Center, Suitland, Md. Parsons’ initials on the upper margin of the letter prove

his authorship.

"These are penciled either on the back of the letier (note 6) or on attached papers.
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New developments in radio at this Laboratory have suggested the idea
of building a single "beam" transmitter and receiver with additional gear
which, if completely successful, would be able 1o do the following:

(a) Take range on any object from which a continuous echo can be
received.

(b) Take bearings on a ship or airplanc by means of the radio echo.

(c) Give an indication of the rate of change of range to any object
from which a continuous echo can be received.

(d) By mezns of (a), (b), and (c), to detect and track unseen ship or
airplane.?

In view of the results from a large amount of somewhat similar work
done in the past or now underway by highly competent companies, the
time involved to obtai~ either negative or positive results might well
exceed two or three years. In the case of negative results it would be
difficult to predict that positive results were impractical of accomplish-
ment.

Progress in micro ray work is so closely associated with vacuum tube
development that the major progress in this field is now being made by
organizations conducting vacuum tube research....The Bureau of
Engineering considers that progress along the lines suggested by the
Laboratory can best be accomplished by a development contract with a
suitable commercial company.’

After due consideration...the Bureau of Ordnance is of the opinion
that, in view of the present stringency of funds, it is unatle to recom-
mend any participation by this Bureau at the present time in the
development of this project by the Naval Research Laboratory.'?

1} otter from the Bureau of Ordnance to NRL, Oct. 28, 1933, in file C-S67/35 (note 8).
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such a manner that the particular interference patterns in the receiver would indicate the distance to the
target. Again he stressed the ultimate payoff,

Cnce again of course, Parsons requested Bureau of Ordnance support. This time, the letter went to the
Bureau of Ordnance via the Bureau of Engineering. Officials there, when forwarding it, added pessimis-
tic comments about Parson’s recommendations:

Once again we see the tendency to leave long-range research to industry, rather than to develop NRL’s
capability to perform it.

Based on this recommendation and on a conference held with representatives of NRL after receiv-
ing the letter, the Bureau of Ordnance told the Laboratory,

8Leuter from NRL to the Bureau of Engincering, September 15, 1933, in file C-$67/35, box 22, job order 11101, records of
NRL, record group 181, Washington Natonal Records Center, Suitland, Md.

First endorsement, Burcau of Engineering to the Burcau of Ordnance, to the letter cited in note 8, Oct. 20, 1933, in the same
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3 Thus ended the possibility of an carly entry by the Burcau of Ordnance into fire-control radar or of a
i close partnership with the Bureai, of Engineering in bringing the first practical naval radar into
existence. The Bureau of Ordnance would not play a major role in radar development and production
until around 1940. When it did eater the field, it had to do so with great haste and confusion The
story might have been quite different had Parson’s suggestions been followed. !

Despite lack of support from the Burecau of Ordnance, study of microwaves at NRL was not
dropped entirely. In a roundabout fashion, money was obtained from the Burcau of Aeronautics, from
a problem it was sponsoring for development of an alti-drift meter, a device for accurately determining
altitude and drift of an airplane.'” Between 1932 and 1934, engineers working on the project had used
sound waves. Their plan was to send out a continuous, concentrated beam from the airplanc toward
the ground below and in front cf it. Reflections of these waves would cause interference in a receiver
in the airplane as they mixed with others that came directly from the transmitter. The characteristics of
the pattern could be used to determine distance to the ground and the velocity of the aircraft  Unfor-
tunately, atmospheric disturbance and air turbulence combined to prevent clear and continuous
reflection of the sound.

Ty

In March 1934, with the approval of the Bureau of Aecronautics, a switch was made to radio
microwaves. The same principles of wave reflection and interference were 15 be employed Since these
pnncaples were exactly those of continuous-wave radio detection, it was anticipated that the research
mught conceivably lead to practical microwave radar as well as to an alti-drift meter. In later years, Par-
sons looked back and commented,

...BuAer support for microwave investigation was sough: and obtained.
This was put over in spite of BuEng objection that the instrument
would certainly be too heavy and clumsy to carry in an airplane....

Note 1: The foresight and energy which won this argument were
characteristics of BuAer under (then) Rear Admiral E. J. King, USN.1?

Any project based on microwaves in these years, when very little was known about them, soon
became of necessity a basic research effort. Consequently, the first report after the switch to
microwaves, a report that covers the period from April to December 1934, discussed experiments on
the basic means for transmission and reflection of the radiation and experiments for discovering its fun-
damental characteristics.'® The Bureau of Aeronautics, progressive though it may have been, shared
with the other Burcaus the belief that its funds should be directed primarily to applied rather than basic
research. Responding to the report, the Bureau slated,

...to date there has been allocated a total of $21,000 during a period of
four years for the development of an alti-drift meter. Experimental
funds available for the development of aircraft instruments do not jus-
tify continuing this rate of expenditure for the development of an alti-
drif. meter unless there are good prospects for the early development
of a micro-ray alti-drift meter model suitable for flight tests in an air-
ship or in an airplane, preferably in an airplane....It appears that the
construction of such a model depends to a large extent upon the availa-
bility of vacuum tubes of considerably better characteristics than at
present obtainable and that consequently it may be advisable to restrict

"Buford Rowland and William B. Boyd, U.S. Navy Burcau of Ordnance m World War Il (Washington GPO, 1947), pp 414-417
IINRL Report R-1111, Jan. 15, 1935, "Development of Micro-Ray Radio Apparatus for Use in Aircraft Alti-Drift Meter Equip-
ment,” in file C-S67/35 (note 8).

YL etter from W S. Parsons to E.B. Taylor (note 4).

H5ee note 12.

PPN
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3 the funds expended on the alti-drift meter until such time as there is
greater likelihood of obtaining more satisfactory tubes."

Clearly, unless money could be obtained from some other sources, there was great danger that the proj-
[ vet would be efiminated.'®

Ross Gunn, the Techinical Assistant (o the Director of NRL, the man generally responsitie for
acting as liaison between the Director and the rescarch staff, became quite distressed about the situa-
tion. A PhD in physics from Yale, Gunn had come to the Laboratory in 1927 and had proved himself
an extremely able scientist. Within a year after his arrival, he had been named Assistant Superinten-
dent of the Heat and Light Division, and in 1934, he became Technical Advisor to the Director. Later
in his career, he would achieve distinction by recognizing, as early as 1939—the same year in which
nuclear fission was discovered—the potentials of nuclear power for the Navy. He would quickly lead
NRL into this field, thus making it the first government agency to conduct research in atomic energy.!’
In 1935 he, like Parsons, saw clearly the future importance of microwaves and endeavored to change
the opinion of the material bureaus. On March 7, several weeks after the Bureau of Aeronautics had
ingicated its waning support, Gunn set forth his ideas in a lengthy memorandum to the NRL Director,
a memorandum that obviously was aimed at a higher target:

I conceive that the main purpose of this Laberatory is, by the aid of sci-
ence, to so change the methods of warfare that the enemy will always
be at a tremendous disadvantage. ...

Our fleet must be provided with better and more useful eyes, ears, and
voices if it is to survive a major engagement and if its power is to be
used to the greates: advantage.

One field of scientific investigation that offers great possibilities for
‘acreasing the efficiency and effectiveness of the Navy is not now
receiving the attention it richly deserves. This field of investigation
relates to electromagnetic waves situated in the spectrum between light
waves and radio waves. These waves have remarkable and extremely
valuable propertics. They may be produced with moderate ease and
completely controlled by electric means. The waves have all the desir-
. able properties of light; they may be reflected or refracted into a beam
; like a search light or they may be broadcast in all directions. The waves
IO have the remarkable property of penetrating fog and hence any opera-
g . tion that can be performed by ordinary light under normal conditions
! ! may be reproduced in fog by means of these waves....

! Perhaps the most important applications of these waves to the Naval
Service are not so obvious or easy of accomplishment. Their reduction
to useful form will entail much study, effort and consideration and
' could only be accomplished by continued research over a period of
H years, yet so valuable will be successful results that the expenditure of
: almost any amount of money could be justified. ...

Research problems are seldom encountered which offer so much prom-
. ise of ultimate Naval usefulness in so many different directions. Many
of the applications are extremely important and useful in war....It is

BLetter from the Burcau of Acronautics to NRL, Feb. 26, 1935, file C-567/35 (note 8).
l6Rccords indicate that despite this warning the Bureau continued to support the problem.
l"Biographical file on Ross Gunn in the NRL historical file, Historian'« office, NRL, Washington, D.C.
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recommended, therefore, that a general continuing problem be author-
ized to investigate the quasi-optical region of electromagnetic waves.!?

T

To bolster Gunn's claims, the Laboratory produced a formal report on "Present Day Technique
for Radio Transmission and Reception in the Micro-Ray Frequency Band (300-3000 Megacycles) With
Suggested Applications for Naval Purposes"!” While lacking the rhetorical punch of the letter, the
report also stressed the utility of microwaves. for secret point-tc-point cormmunications, for detection
and ranging of enemy ships and aircraft, and for secret aircraft-to-ground communication. The docu-
ment was sent to both the Bureaus of Engineering and Aeronautics to stimulate increased support

A

ke T

.l

A\

Response from the Bureaus was not encouraging. This was a major reason Taylor made his spe-
cial appeal to the House Naval Appropriations Subcommittee in the spring of 1935 for additional
research funds.?’ Indeed, when he was successful in obtaining an extra $100,000 for NRL in fiscal
1936, the highest priority for using the additional money was given to the investigation of microwaves
A new, busic-research problem on the subject was established in July 1935%!: the Laboratory then had
the authorization needed to begin a broad, fundamental investigation of microwaves. However, like all
basic-research problems, this ane had to remain limited in extent, Only three to five men worked full
time on the subject for the remainder of the 1930s.

i

. The principal goal of the investigation was fundamental understanding of transmission and recep-
tion of microwave radiation. Tube testing, circuit building, and experiments to determine fundamental

. properties constituted the bulk of the project. Nonetheless, hopes remained high that practical
equipment—including radio detection devices—could soon be developed, and much effort was directed
toward this end. The continuous-wave method was always used, because it was believed that sufficient
power could not be generated for the pulse method to be effective.

In the material bureaus, interest in the problem grew after public disclosure, in late summer 1935,
of the existence of microwave radio detection equipment on board the French liner Normandie?* It
seemed that practical equipment might not be so far in the future as previously thought. Still, there
was hesitancy to provide increased support. Answering a request for more money in January 1936, the
Bureau of Engineering stated, "Such progress as has been indicated in the [Laboratory’s] reports either
as having been made by the Laboratory or as coming to the attention of the Laboratory, has been quite
limited."?® A month later, it pointed out that the General Electric Company and Bell Telephone Labora-
tories were both doing basic work on microwaves. Might it not be more profitable, was the implication,
for the Navy simply to wait and reap the benefits of their work, to let them take the risks?2*

Strongly supported by NRL leaders, the microwave investigation continued to trudge along.
Whenever new experimental equipment was developed, its potential for radio detection was tested In
May 1936—soon after the pulsed, 28-megahertz radar developed by Page and Guthrie had achieved its
dramatic results®®—a microwave set using the continuous waves was tried on the Potomac River. A
report stated,

¥Memorandum from Ross Gunn to the Director, NRL, Mar. 7, 1935, in file $-S67/35, box 19, job order 11029, records of
NRL, record group 181, Washington National Records Center, Suitland, Md.

YNRL Report 1149, Apr. 23, 1935, in the Documents Section, NRL library, Washington, D.C

20Taylor’s description of this appeal was cited in Chapter 6 by note 23.

Uproblem 0-2S. See the letter from the Bureau of Engineering to NRL, July 12, 1935, in file L1-1(3), box 34, records of NRL,
Unclassified series, record group 19, National Archives Building, and the letter from NRL to the Bureau of Engmneering, Oct 3,
1935, in file C-S67/35 (note 8).

2L etter from the Bureau of Ordnance to NRL, Nov. 13, 1935, in file C-S67/35 (note 8) The Normandie equipment was dis-
cussed in Chapter 6, where notes 32 and 33 apply

B etter from the Bureau of Engineering to NRL, Jan. 4, 1936, in file C-S67/35 (note 8).

234 etter from the Bureau of Enginecring to NRL, Feb. 11, 1936, in file C-S67/35 (note $).

Bpescribed in Chapter 6, where notes 41 and 42 apply.
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The transmitter was set up on the Naval Research Laboratory roof at
Bellevue, D.C., while the receiver was on a motor launch plying the
river....Beats were obtained from passing barges, and when direct
vision was obscured the signal was occulted. Reflections were reliakly
obtained from a heterogeneous shore line at 1-1/4 mile distance and
from a metallic sphere 40 feet in diameter and a brick chimney st 1/2
mile. This again was not the limit of distance. More information will
be available soon.2

These results were significant, but they tended to be overshadowed by those being cbtained with the
longer wave equipment, which was already detecting aircraft at ranges greater than 40 kilometers (25
miles).

The peak of the early efforts to develop microwave radar at NRL came in tests aboard the USS
Leary in April 1937. As reported earlier,?’ 200-megahertz pulse equipment was tried at the same time.
Experiments were made with two microwave sets: one using 1200 megahertz and the other using 500
megahertz. Results were dismal—especially when compared to ranges obtained with the 200-megahertz
equipment. The 1200-megahertz set got echoes from objects at a maximum distance of but 2 kilome-
ters (1-1/4 miles). The 500-megaheriz device got no results, due to rough weather.?

The general study of micrcwaves at NRL continued after these tests, but the attempts to build
microwave radar using the continuous-wave method were dropped. The Laboratory did not, by any
means, abandon the idea of using microwaves for radio detection. But in the future, it approached this
possibility by moving up from lower frequencies, where success had already been attained. And in the
future, it worked almost entirely with the pulse technique. In 1937, given the results to date, it firally
seemed imperative to accept the policy advocated by the Bureau of Engineering and await further
developments by industry on microwave tubes.

The history of NRL’s early microwave radar project is notable for several reasons. First it shows
that there was no obvious path to practical detection equipment. The choice of method, the choice of
frequency, and the choice of components all depended on the results of research and experimental
development. Second, the project provides anotuer view of the forces that shaped <he origin of radar at
the institution. By comparing it to the pulse radar effort, one gains a far deeper understanding of he
interplay of administrative decisions and technical developments that characterized NRL’s operation
in these years.

SHAPING RELATIONS WITH PRIVATE INDUSTRY

The development of naval radar would not have been possible without cooperation between NRL
and American electronics companies. Not only were they called on to produce anything the Laboratory
designed, but they also created many new forms of equipment for naval use. In those cases, NRL fre-
quently passed judgment on their models prior to large-scale procurement. Hence, interactions with
industry were an extremely important part of the Laboratory’s activities and an important part of the
evolution of the radar field.

RCA, whose early work was discussed in the preceding chapter, was the first firm to be drawn into
the Navy radar program and produced the first shipborne equipment. This would be only the beginning
of an involvement that would grow to massive proportions during World War Il and wonld make radar
a major portion of RCA’s business. The company would eventually design and build various series of
radars for a wide variety of ships and aircraft and for numerous naval uses—including general search,
fire control. and navigation.?

3 atrer from NRL 10 the Bureau of Engineering, May 5, 1936, in file C-567/35 (note 8).

Mg the preceding chapter, where notes 12 through 16 apply.

3B cuer from NRL to the Bureau of Engineering, May 8, 1937, in file C-567/35 (note 8).

¥ RCA’s Contribution to the War Effort Through Radar, 1932-1946" (unpublished manuscript available from RCA).
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The American Telephone and Telegraph Company was the second major industrial firm to
become involved in the development of naval radar. The story of its efforts would be one of even
greater magnitude. In 1946, Mervin J. Kelly, Director of Bell Telephone Laboratories, looked back and

summarized,

The Bell System played a larger part in the [American] radar program
[until the end of World War II] from research through production, than
any other industrial organization, Through its manufacturing
company—the Western Electric—it produced about half of all the radar
made in the United States; and through its research organization—the
Bell Telephone Laboratories—it carried out a comparable portion of the
research and development programs.

Throughout the preparedness and war years, the Laboratories, with a
continuously expanding program, gave almost half of its effort to radar
science and technology. It expended approximately $85,000,000 in its
research, development, design, and early model production effort.

The Western Electric Company produced equipments resulting from
this effort in a volume of approximately $900,000,000, and there was
reproduction of radar facilities by others, from designs completed in
Bell Laboratories, in volume of at least $100,000,000.3

Note that these figures include radar produced for the Army and American allies as well as for the

Navy.

AT&T’s huge radar program originated from interaction with NRL. Captain W. J. Ruble, head of
the Radio Division of the Bureau of Engineering, was well aware of AT&T's expertise in the radio
field, and, in mid-1937, he reasoned it would be profitable to the Navy to disclose its progress in radar
to the company. On July 13, 1937, three engineers from Bell Telephone Laboratories, accompanied by
Lt. Cdr. J.B. Dow of the Bureau of Engineering, visited NRL io hear about radio detection. A report
on the conference states,

{The men] were given a brief review of the Laboratory’s earlier experi-
ence with the beat method of detecting echoes, foilowed by a statement
of the reasons why the Laboratory believes the pulse echo methods te
be far superior. The nature of the pulses was discussed and a pulse
transmitter was examined. One of the pulse receivers was examined
and discussed. The experimental rotatable 200 megacycle beam used in
connection with pulse work on that frequency was examined and
discussed....The difficulties inherent in carrying the work to still higher
frequencies more suitable for shipboard installation were considered.?!

The report also recorded the reactions of the group to what NRL had accomplished:

L he principal comments were made by Mr. [E.L.) Nelson of the Bell
group. He stated that it was almost unbelievable that echo signals of
this character could be received from such distances but he was forced

3(’Reprinl of Mervin J. Kelly, "Radar and Bell Laberatories,” Bell Telephone Magazine 24 (winter 1945), pp. S and 6

All quotes are from a memorandum from the Superintendent, Radio Division, to the Director, NRL, rough draft, undated,
but circa July 16, 1937. Thus draft is in the papers of Robert M. Page, Historian’s office, NRL, Washington, D C  The final draft
15 the letter from NRL to the Bureau of Engineering, July 16, 1937, in file C-S67-5 #1, box 31, records of NRL, Confidential
series (now Unclassified), record group 19, National Archives Building. 1t is essentially the same as the rough draft but is short-

er.
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to believe the evidence of his own eyes. (We refer here to the photo-
graphic records.) He further stated that it was unlikely that such a prob-
lem would ever have been undertaken by the Bell Laboratories and that
we were fortunate in not having a board of directors to approve such a
problem, as it might have been very difficult in the beginning to
guarantee success and show an important outcome, especially in finan-
cial returns, from their point of view.

T A . . {
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Obviously the NRL representatives had not felt it necessary to discuss their own administrative prob-

lems! On the role for AT&T in the radar field, everyone agreed:

[Mr. Nelson] stated that while the Naval Research Laboratory had very
beautifully laid the research foundation for this work and demonstrated
the ultimate feasibility, yet there was evidently an enormous amount of
practical development work to be done in the future to adapt it satisfac-
torily to Naval conditions. In this opinion he was confirmed by the
Superintendent of the Radio Division and assured that it was the inten-
tion of the Laboratory to urgently prosecute this problem but that we
would welcome any assistance which the gell Laboratories might be
prepared to give and which might be arranged between them and the
Bureau of Engineering.

Back at company headquarters, there was interest, ye* hesitance and hence delay. Then in November,
representatives from the Bell Telephone Laboratories came to NRL for a second time to learn about
further progress in pulse radar. After this, the directors of AT&T decided that the company should
definitely enter the radar field. Initially, however, they determined that it had to be at their own, not

Navy, expense. Mervin Kelly later explained,

Under the then established rules of Navy development contracts, it was
not practicable to contract for such a highly speculative research pro-
gram [as we wanted to initiate]. However, all concerned recognized the
importance of such an investigation.

Because of its potentialities for results of importance to »ur country’s
preparedness program, and because of the intimate relation of Bell
Laboratories’ centimeter-wave radio 1esearch to the centimeter-wave
radar problems, the American Telephone and Telegraph Company
authorized the Laboratories tc proceed with the investigation. This
made it possible for the Laboratories to carry the radar excursion into
the shorter wavelength or to a place where, if successful, contracts
could be entered into with the Navy for a development to specified
requirements.>?

The official history of the Bell Telephone Laboratories in these years elaborates further,

During the war years most Bell Labs military work was done under con-
tract with Western Electric (on a cost-plus-fixed-fee basis), with Bell
Labs being a Western Electric subcontractor. Under this arrangement,
Bell Lab’s costs on a project were a part of the Western Electric con-
tract cost. This was a fair way (o handle a project for a military weapon,
but AT&T was reluctant to have Western Electric accep