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Foreword

America is the land of heroes, rebels, and mavericks, and, especially during
turbulent times, this combination has served our nation well. China Lake
exemplifies the best of this tradition, and the early story of this “Secret City” is
recounted in this book by some of its early mavericks.

In 1945, when Dr. L.T.E. Thompson became the first technical director for
the Navy'’s new weapons research, development, test, and evaluation laboratory
at China Lake, California, he brought with him a very deliberate philosophy of
leadership that leveraged the strength of both the military and civilian scientists
on the team.

Though his philosophy hinged on the marriage of two fundamentally
different cultures, it blended the best of both—the art of the possible embodied
by the myriad of scientific and engineering minds and the balancing and
irreplaceable influence of the operational acumen represented by the warfighter.
His philosophy was unique and imaginative, as well as unprecedented for the
times, but it was perpetuated through the decades and still resonates favorably
in the 21st century.

Magnificent Mavericks opens in 1948 when the Naval Ordnance Test
Station (NOTS) was only five years old—still in its formative years. The stories
herein are individually important, as they each capture key contributions that
NOTS made to our national defense and the Navy in the 1948-1958 era. They
also exemplify the early culture of NOTS, a culture of dedication, risk taking,
speed, and, most prominently, innovation, determination, and dedication to
the warfighter.

That culture was set by the attitude of its early military and civilian leaders.
Internally, the leadership was tolerant of esoteric intellectual minds, was
encouraging of independent thinking and innovative solutions, and was action
oriented toward serving the military.
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This attitude paid off big dividends in the station’s response to an urgent
need in 1950 at the start of the Korean War. An armor-penetrating rocket
was designed, developed, tested, produced, and delivered to theater in one
month—an extraordinary feat even by today’s standards.

The NOTS solution employed many innovative, high-risk elements,
and the response from station leadership when presented with the design
approach was “Well, go do it.” This spirit was not lost on the members of
the station’s early workforce. They knew it was something special, and they
answered the call.

Externally, the early leadership was not so tolerant, especially with regard
to the bureaucracies that existed within the Navy. The leaders were deliberate
in every way to ensure that the station, as envisioned, became a reality and its
legacy would live on well into the future. And, thus the maverick culture has its
roots in the leadership spirit and technical acumen of early NOTS.

Mrs. Babcock does an exemplary job in capturing the critical underpinnings
of these early technical and leadership successes—underpinnings out of which
this early culture grew and that were initially fragile yet determined.

They were the realization of Dr. Thompson’s and key military leaders’
aspirations for a partnership between military and civilians that garners the
strength of each—a vision that was in itself innovative and critical to the future
success of the station.

The story of the Magnificent Mavericks is as pertinent today as it was
in the 1950s. Just as in the aftermath of World War II, the U.S. military
establishment today is confronting a need for serious change to address a new
kind of enemy. The post-cold-war restructuring of the U.S. defense industry
compounds this challenge.

Ironically, Magnificent Mavericks offers a “new” model for the future.
Today, our weapons have significant capability but are often very complex
and expensive. In addition, they must interoperate with a countless number
of interconnected systems. They are built largely by sole-source industrial
suppliers. Magnificent Mavericks tells of a successful approach that leverages
both military-civilian and government-industry strengths; it also illustrates
the successes of a government-industry collaboration in the development and
production of weapons systems.



Foreword

In sum, Magnificent Mavericks is the story of an innovative civilian-military
vision coming to fruition—a vision enabling the creation of the nation’s

weapons capability in the 1950s, today, and in the future.

SCOTT M. O’'NEIL DAVID A. DUNAWAY
Executive Director Rear Admiral, U.S. Navy
Naval Air Warfare Center Commander
Weapons Division Naval Air Warfare Center

Weapons Division
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Preface

This book, the third volume of the history of the Navy’s desert installation
at China Lake, continues the tale of a successful scientific and technological
experiment that began in Volume 1 with the establishment of the Naval Ordnance
Test Station (NOTYS) and that continued in Volume 2 with the construction and
early use of China Lake’s instrumented ranges, pilot plants, laboratories, and
community. Volume 1, Sailors, Scientists, and Rockets by Albert B. Christman,
and Volume 2, The Grand Experiment at Inyokern by ]. D. Gerrard-Gough
and Albert B. Christman, were both published after NOTS became the Naval
Weapons Center, and the series name was therefore established as History of the
Naval Weapons Center, China Lake, California. The Naval Weapons Center is
now the Naval Air Warfare Center Weapons Division. To avoid inconsistency
now and in the future, this volume and subsequent volumes will be issued under
the simplified series name, History of the Navy at China Lake, California.

When I volunteered to continue the inspiring story of the Navy’s accom-
plishments at NOTS, I knew only that my book needed to take up the tale where
its predecessor ended—with the 1948 dedication of Michelson Laboratory—and
to end about 10 years later, a time span selected for the practical reason that doing
justice to more than that productive decade would result in an impossibly thick
book. As I began my research, I met with Gerald R. Schiefer, then technical director
of the Naval Weapons Center, who advised me to “write about those magnificent
mavericks who invented the Sidewinder missile and did all that other great work.”

That valuable guidance resulted in not only the title but also the approach.
Wherever I had the interviews, letters, or other reference materials to do so,
I let the NOTS iconoclasts speak for themselves. I expect readers to find the
magnificent mavericks of China Lake and its Pasadena Annex both entertaining
and educational. Although memories may differ on the details, the NOTS
pioneers display a remarkable unanimity on the value of the philosophy of
individual initiative and teamwork that resulted in an amazing array of reliable
weapons for the nation’s defense.
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Because the book describes events of half a century ago or earlier, many of the
most vibrant participants are no longer alive. I wish I could present this volume
to some of my most helpful sources of information, in particular Vice Admiral
Frederick L. Ashworth, USN (Ret.), who died on 3 December 2005, leaving China
Lake the thoughtful foreword to this volume as a parting gift. I also owe a deep
debt of gratitude to Vice Admiral Levering Smith and Dr. Howard A. Wilcox, two
China Lake pioneers who had agreed to review the book but who died while it was
in preparation. Others now deceased who contributed to early drafts or assisted with
photographs or facts included Richard V. Boyd, Jack Crawford, Dr. Emory L. Ellis,
Dr. Walter B. LaBerge, Lee E. Lakin, LaV McLean, Peter E. Nicol, Captain Thomas
E Pollock, Leroy Riggs, Bernard “Barney” Smith, and Frank St. George. Warren
Smith and Harley Tillitt made important contributions to specific sections.

I also owe much to the magnificent mavericks still living who contributed
their recollections and expertise. Reviewing all or part of the first draft were Dr.
Thomas S. Amlie, Dr. Edward E. “Mickie” Benton, Milton K. Burford, Dr. W.
Frank Cartwright, William E. Davis, Dr. Hugh W. Hunter, Steven M. Little,
Dr. William S. McEwan, Harold Metcalf, Ray A. Miller, Harold H. Patton,
Lou D. Pracchia, Edward W. Price, D. Jack Russell, Robert G.S. “Bud” Sewell,
Minchen “Mickey” Strang, Fred Weals, and Dr. James H. Wiegand.

Especially helpful comments came from two historians, former Director of
Naval History Dr. Dean C. Allard and former Historian of the Navy Laboratories
Albert B. Christman. In particular, I am grateful to Christman for the oral history
interviews and reference materials he collected during his research for the first
two volumes. Special thanks go to the reviewers of the final draft, C. John Di Pol,
Franklin H. Knemeyer, and Leroy L. Doig III, each of whom possesses insight
into China Lake’s philosophy and programs that far exceeds my own and all of
whom generously shared that insight in ways that strengthened the content and
conclusions of my book.

Gerald R. Schiefer and William B. Porter, successive technical directors
of the Naval Weapons Center, offered encouragement and support during
the book’s early phases, as did Stephen E. Sanders, then head of the Technical
Information Department. Dr. Ron Westrum, author of Sidewinder: Creative
Missile Development at China Lake, was generous in sharing insights, notes,

and research sources, as was Dr. John D. Hunley, author of Preludes to U.S.
Space-Launch Vehicle Technology: Goddard Rockets to Minuteman I11.
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Other notable assistance came from Mickey Strang, who voluntarily
transcribed many oral history interviews after she retired from China Lake
because she wanted to make a contribution to the NOTS history; from James
M. “Jim” Koch and Robert “Bob” Campbell, who worked hard to help keep
the project going subsequent to my January 1996 retirement from China
Lake; from Debra “Debbie” Rios of the U.S. Naval Museum of Armament and
Technology; and from Mary and Joe Adler, Barbara and Howard Auld, Gary
Babcock, James J. “Jim” McLane, Felice Plain Mueller, Michael Kott, Mark
Pahuta, Lieutenant Commander Joel Premselaar, USN (Ret.), Marilyn “Ditty”
Riggs, Alexander K. “Sandy” Rogers, James Schmidt, George Silberberg,
Gary Verver, Evelyn Wilcox, and Elva Younkin, who provided photographs,
illustrations, suggestions, and anecdotes I would not otherwise have been able
to obtain.

For suggestions and assistance during the early years of my research, I am
indebted to the staff of the Naval Historical Center. The staff of the Technical
Library at China Lake was invariably helpful. I am grateful too for the use
of the photograph collections of the Maturango Museum and the Historical
Society of the Upper Mojave Desert.

As my book neared completion, several people contributed their help and
expertise, including Scott O’Neil, Naval Air Warfare Center Weapons Division
executive director; Sandy Doyle, the excellent editor of the Naval Historical
Center; Dr. Jean Bennett, the eagle-eyed final reader of the prepress book;
China Lake employees Antonella Thompson and Tammy Kenady; and China
Lake Museum Foundation volunteers Bob Campbell and Pat Connell.

Despite generous assistance from these people and others too numerous
to name, I accept sole responsibility for errors in fact or in interpretation. In
particular, I offer apologies to the numerous magnificent mavericks whose
stories I did not include. I hope they will see the projects and events described
in this book as representative of the teamwork and dedication they shared to
make the Naval Ordnance Test Station an irreplaceable national asset.

ELIZABETH BABCOCK
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Introduction

The history of the Naval Ordnance Test Station, identified differently
over the years but known more recently as the Naval Weapons Center, then
the Naval Air Warfare Center Weapons Division, and now more popularly as
simply China Lake, is an important record of the vision of a few civilian and
Navy leaders who thought that there was a better way to conceive, research,
develop, and bring to production naval weapons and weapons systems than
the then more popular way of placing military requirements with industrial
organizations and taking what resulted.

These leaders knew that warfare and the tools of warfare could be
complicated and fraught with tactical and technical surprises. The genius of
scientists might be able to unravel the technical surprises, but the military
officers, by their profession, knew how to imagine how those tools could be
used to fit their strategies and tactics of the warfare itself, knowledge totally
beyond the experience of the scientific community. These military and civilian
leaders needed each other, and the industrial world, in their opinion, was not
the environment to bring these communities together.

A new concept of accomplishing this melding of these two communities
had to be developed. The Bureau of Ordnance, as it was known then, pioneered
by establishing the “government laboratories,” of which Naval Ordnance
Laboratory (NOL) at White Oak was the first. Then came the new Naval
Ordnance Test Station (NOTS).

Volumes 1 and 2 of this history set the stage by describing the early years of
the Navy-Caltech rocket program, the first wartime-spawned attempt to meld
the academic world of scientists and the military into a research and development
team. The first two volumes describe, as well, the construction of the test station,
the early work that went on there, and the struggles made by NOTS supporters
in Washington to ensure that NOTS would survive as a permanent research,
development, test, and evaluation institution. Volume 3 chronicles the bringing
to fruition of the idea of these early visionaries and the weapons that were
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conceived, researched, engineered, and tested at NOTS, then carried into
production by industry and delivered to the Navy for use in war.

The dedication and drive of these early military and civilian leaders led
to an institution based on simple premises. One premise was that trust is
essential for an effective organization, trust between individuals and trust
in the institution. Another premise was that the technical people should do
“hands-on” technical work. Equally as important was the realization that
technical work not based on experience of the prospective user could result
only in the production of weapons that were not needed. Another important
premise was that weapons developed would need to be simple, easy to use, easy
to maintain, and highly reliable.

To support these premises, provision had to be made to permit and
foster basic research in relevant fields of science. Facilities had to be available
to carry out development testing of a new concept, engineer it toward a
feasible design, and test the new concept on test ranges immediately available
to the developer before the new weapon could be released to industry for
production. Arrangement needed to be made to permit Navy and Marine
Corps officers experienced in air and sea warfare to work with the developers
to ensure that the finished product turned out to be innovative and useful
when needed in war.

And finally, perhaps the most important of all, financial support had
to be provided, unmanaged by people in Washington, totally under the
control of the technical leader of the institution to permit that leader free
use of his imagination while the institution experimented with any new and
innovative idea that he thought might lead to a radical, perhaps, but useful
weapon. Sidewinder was born by expenditure from such funding, the so-called
“discretionary research fund.”

Novel in the vision of these leaders was how to structure and manage
the new institution so that cooperative and effective day-to-day relations
between the scientists and these experienced military officers would provide
fertile ground to accomplish the results desired. A statement of principles of
operation of the new institution was formulated and approved by the chief of
the Bureau of Ordnance. In their simplest definition, the principles provided
that these laboratories would effectively be civilian operations supported by
the military, not only locally but also in the bureau in Washington. Simply
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stated, the principles provided that the technical activities were the range of
responsibility of a technical director. The provision of support for the technical
activities was the responsibility of a military commander. The commander and
the technical director shared equally the responsibilty for the effective operation
of the institution.

In any new and untried arrangement, both minor and major conflicts and
misunderstandings can develop as the institution begins to mature, depending
on the experience and personalities of the leaders. As readers of Volume 3 will
see, the new institution was not without these growing pains. Strong military
commanders with some technical training and outstanding military records
found it difficult to avoid trespassing on the territory and responsibilities of
the technical leaders. And as might be expected, some strong technical leaders
found it uncomfortable to maintain the desired relationship with some of the
military leaders.

Since things do not have to always be wrong, Volume 3 relates how the
confluence of compatible partners in these leadership positions can have
relatively spectacular results. Covering brilliantly a period from 1948 to 1954,
Elizabeth Babcock has called her story of this period the time of the “Magnificent
Mavericks,” the archetypical excellent public servants who accepted challenge
with courage, competence, and sometimes wild imagination. They proved that
the atomic age had not made conventional weapons obsolete. Rather, many of
their weapons were the strength of our military during the Cold War and since.

FREDERICK L. ASHWORTH
Vice Admiral, U.S. Navy (Retired)
Former Commander

Naval Ordnance Test Station
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Rocket Station

The story of the Naval Ordnance Test Station (NOTS) in 1948-1958
illustrates the value of a tradition of rugged individualism and the proximity of
trained people to laboratories, airfield, and ranges. As this book opens in 1948, the
scientists and engineers at China Lake were working closely with combat-seasoned
military people to accomplish pioneering work in rockets, fire-control systems, and
propellant and explosive technology. At the heart of the station’s success was the
philosophy of military and civilian partnership articulated in the principles of
operation and exemplified by the commanding officer and technical director.

Philosophical Bedrock

The Naval Ordnance Test Station, the vast Navy facility located in the
remotest reaches of California’s Northern Mojave Desert, started as an urgently
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productivity of the NOTS military and civilian team were the highly instrumented
ranges and air facility only a few miles from the lab.

The station’s advocates both on the desert and in Washington were struggling
to keep the NOTS mission a broad one. The 1943 order that established the
station stated its primary function as “the research, development, and testing
of weapons.” References to rockets in a draft version of the order had been
scratched out because influential Navy thinkers did not want to limit the types
of ordnance work the Navy might want China Lake to do. Ironically, however,
spectacular successes in rocketry had pushed the station toward the specialization
its planners had tried to avoid. In the minds of many, the development niche
NOTS belonged in was labeled “rocket station.” But missile testing—for the
Bureau of Ordnance (BuOrd) and the Bureau of Aeronautics (BuAer) programs
in about equal measure—continued to be a major activity.

Central to both the work and the philosophy of military and civilian
teamwork during the station’s early years was Dr. Louis Ten Eyck Thompson,
China Lake’s first technical director. A quiet man of average height and
modest demeanor, Thompson was widely known as “Dr. Tommy,” a nickname
conveying both affection and respect. Mild-mannered, even courtly, in business
dealings and social interactions, he nevertheless generally got things done his
way. Those who worked closely with him praised him as an excellent politician
who “really understood people.”* Thompson had a Ph.D. in physics from Clark
University, Worcester, Massachusetts, and a background that encompassed
19 years as the first Chief Scientist of the Naval Proving Ground, Dahlgren,
Virginia. At Dahlgren he had formed close professional ties with members of
the “Gun Club,” an elite cadre of promising young naval officers assigned there
for postgraduate ordnance training. The relationships Thompson established
there later became one of the most valuable gifts he brought to NOTS.?

Perhaps the most important of these professional relationships was
with Commander (later Rear Admiral) William S. “Deak” Parsons, who as
Dahlgren’s experimental officer was just beginning his illustrious career in
the Navy’s ordnance establishment.> Between them Thompson and Parsons
developed a philosophy of military and civilian teamwork in research and
development administration that had a profound influence over both men’s
subsequent careers, the principles illuminating the management of NOTS and
indeed the R&D philosophy of the entire Navy. Central to their concept was
an idea Thompson expressed as “a kind of dreaming in those days that someday
it would be possible to have a development structure within the military that
was in-house.” The two men agreed that such an in-house organization would



Dr. L.T.E. Thompson in 1951.

function at its most productive level only
if it included laboratory, pilot plant, and
range facilities and expertise.’

Soon after NOTS was established in
the Indian Wells Valley on 8 November
1943, Thompson began working with
Captain (later Rear Admiral) Sherman
E. “Ev” Burroughs, the station’s first com-
manding officer, to make that dream a re-
ality. The Navy’s new facility provided the
setting for a military-civilian team to work
under the authority of BuOrd. Many of
the civilians were fiercely independent
intellectuals from the California Institute
of Technology (Caltech), and the chain
of authority was a loose one, allowing for
much independence of action. Lines of

Rocket Station

Rear Admiral William S. Parsons.

U.S. Navy photo LHL 43014
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communication were simple and direct, with only the chief of the bureau and
his assistant chief for research (referred to as Re) in the line of responsibility
leading from the NOTS technical director to the Secretary of the Navy.

The Bureau of Ordnance and the Navy’s other two powerful material
bureaus—the Bureau of Aeronautics and the Bureau of Ships (BuShips)—also
operated with much independence. The bureaus had principal responsibility
for the Navy’s research and development activities, with the Office of Naval
Research (ONR), which operated as a separate entity under the assistant
secretary of the Navy for air, who had responsibility for overseeing research
and development.

The bureaus were in the third organizational echelon of the executive
branch, ranking below only the cabinet-level departments and the President
himself. Each bureau chief enjoyed virtual autonomy in terms of both
technical and business-management matters. The Navy was still under
the bilineal system under which it had grown up, with the Chief of Naval
Operations (CNO) having the authority to plan the needs of the fleet and issue
statements describing operational requirements. The bureaus worked on those
requirements, controlling and administering their own budgets and reporting
directly to the Secretary of the Navy.

The Bureau of Ordnance had responsibility for design, development,
procurement, and maintenance of defensive arms and armament for the control
of guns, bombs, torpedoes, and rockets. Within BuOrd, NOTS reported to
the assistant chief for research. Answering to Re were the R&D Division’s eight
branches, each having “cradle-to-grave” engineering responsibility for specific
technical disciplines and products. The other two material bureaus were
similarly organized. BuOrd and the station had only limited interaction with
BuShips, but BuAer’s responsibility for naval aircraft and related aeronautical
material caused an overlap that would soon cause friction as guided-missile
development became more attractive to both bureaus.

Thompson’s initial modest annual salary of $8,750 as NOTS technical
director increased to a more equitable $14,000 in September 1947, after the
80th Congress approved Public Law 313, allowing the pay of 30 leading civil
servants to be established above that of the top civil service grade.® Dr. Ralph
D. Bennett, technical director of the Naval Ordnance Laboratory (NOL) at
White Oak, Silver Spring, Maryland, was similarly promoted. Supporters of
the management philosophy represented by NOTS and its sister laboratory
rejoiced in the promotions as tangible evidence of high-level support for the
in-house laboratories.”
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The additional prestige thus attached to Thompson’s position as the
station’s technical boss reinforced the authority of the NOTS principles of
operation, approved by the Bureau of Ordnance in 1946. The principles,
created by Thompson and other station military and civilian leaders, recognized
that the ultimate responsibility for all phases of NOTS’ activities belonged to
the commanding officer, but that control of the technical program should be
delegated to the technical director. Thompson and his supporters in the bureau
saw civilian authority over the technical work as crucial to recruitment and
retention of the independent-minded scientists and engineers needed to carry
out the station’s demanding mission. Equally important was the military part
of the team, which could draw on fleet experience to keep the technical work
responsive to the practical needs of the Navy.

This philosophy, the very bedrock upon which NOTS was founded,
allowed BuOrd to profit fully from the strengths of the career civil servants who
applied their technical skills to think up and develop new ordnance concepts,
as well as of the military personnel who provided valuable information on
tactical requirements. Both roles were necessary at NOTS because the work
encompassed all aspects of the research, development, test, and evaluation
(RDT&E) process, with fresh ideas and information continuously flowing
through the organization, a synergy of immense value to the quality of the
end product.

From Commanding Officer to Commander

In practice as well as on paper, the station’s principles of operation defined
mutually supportive yet independent leadership roles for the commanding
officer and the technical director, a concept that had the solid support of the
Rear Admiral Albert G. Noble, the chief of the Bureau of Ordnance. For these
principles to work, however, the station’s top military leader himself needed
to subscribe to them. In 1948 the station was fortunate that its military leader
was Rear Admiral Wendell G. “Windy” Switzer, a suave diplomat whose calm,
pragmatic managementapproach blended nicely with that of Thompson. Switzer
understood well that he could not manage the independent-minded civilians
under his aegis in the same way he ran the military part of his command.

Switzer had an appropriate background for his job: he was a Naval Academy
graduate, an ordnance postgraduate, and a naval aviator with a distinguished
record in World War II. His battle ribbons included the Combat Legion of
Merit for action in command of Wasp (CV-18) against the Japanese homeland.
As with several more controversial NOTS military leaders, speculation could
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Operations directed that the military leaders of the three labs would no longer
be called commanding officers, but would hold the more influential title of
commander."

Switzer took a direct interest in smoothing out some of the organizational
rough edges remaining from the Station’s formative era. To help this process, he
educated himself in sometimes unorthodox ways. “Switzer was an interesting
person in that he could dress in khakis and look like a per diem civilian any
time he wanted to, and he wanted to rather frequently,” recalled Roderick M.
“Rod” McClung, a Caltech graduate who became a Station employee in 1946.
According to McClung,

He'd stand in line at the theater and talk to the people about where they worked,

and nobody knew they were talking to the commander. Hed go to the mess

hall and talk to the enlisted men. ... He'd appear anywhere completely out of
uniform, and chat with people, and that’s where he got the information that

he used, although he never would ... tell you who he talked to. You just knew
that he'd been around.'

The Leadership Team

The Thompson-Switzer team provided a smooth bridge between China
Lake’s early days, when each department head generally went his own way, and
a new era of increasing mission complexity and more cooperative arrangements
between the station’s departments. In 1945-1946 Thompson had set up a
workable technical organization headed by strong-minded, vigorous, and
capable individuals: Hayward as experimental officer, Dr. Wallace R. Brode as
head of the Science Department, Dr. Bruce H. Sage as head of the Explosives
Department and boss of the pilot plants, and Dr. Arthur H. Warner as head
of the Experimental Operations Department. On the base-support side of the
house, Captain James A. Prichard, who became deputy commander in June
1947, provided capable management of military support, fiscal, personnel,
and public works responsibilities. Although Dr. Emory L. Ellis, the Caltech
scientist who oversaw China Lake’s first rocket tests, reported to Sage, Ellis also
functioned as one of the handful of leaders who worked together to establish
an organizational environment conducive to creativity and productivity.

An important vehicle for communication among these powerful
personalities was the Research Board comprising the technical director,
the experimental officer, and the heads of the technical departments. The
principles of operation described the board as the body that “reviews technical
programs and advises the technical director with regard to their establishment
and conduct.””> Thompson, in the words of Dr. Hugh W. Hunter, executive
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By 1948 the station’s two decision-making bodies had nearly identical
membership, and the Administrative Board’s meeting frequency was declining.
According to Ellis, the board’s value was that it offered attendees from the
support departments “a window . . . on the research and development work,
where they found out what some of our problems were and where we would
hopefully get some sympathetic attention.”®

Technical Director’s Right Arm

The experimental officer, a crucially important member of the military-
civilian leadership team, advised the technical director on operational needs
and served as military liaison between the commander and the technical
organization as well as between the station, the technical bureaus, and aircraft
contractors. The experimental officer and the officers assigned to him also
contributed military savvy and extra horsepower to help get the work done. As
Chick Hayward described the position, the experimental officer was “really the
technical director’s right arm.”"”

The experimental officer concept had originated at the Dahlgren Proving
Ground, where that officer was directly responsible for the technical work,
while the commanding officer and deputy commander were responsible for
the administrative aspects. BuOrd took great care in its selection of a new
experimental officer for NOTS, sometimes consulting BuAer in the process.
Ofhcers taking the job needed to be aviators who understood the complexities
of BuAer and BuOrd turf struggles and, in Hayward’s words, “knew how the
Navy worked, and knew where the pressure points were, who they had to go
see.”'® Some of the Navy’s most promising officers rotated through the job.

Succeeding Hayward as experimental officer was Captain James H. “Red”
Hean, whose brilliant early career boded well for his effectiveness as the
station’s prime link to the operating forces. Hean had graduated at the top of
his class at Annapolis, had declined a Rhodes Scholarship in order to become
a naval aviator, and had participated in the Caltech rocket program, shooting
off the first retro-rockets ever fired from a U.S. aircraft. In World War II, as a
member of Task Forces 38 and 58, he was in many of the major naval battles
of the Pacific.

During Hean’s China Lake tour, the already demanding experimental
officer position was also assigned administrative responsibility for coordinating
a management staff supporting both administrative and technical sides of the
house. This assignment was complex and difficult, with the incumbent having
to answer to both technical director and deputy commander across a broad
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and sometimes conflicting range of responsibilities. Among Hean’s frustrations
were the station’s postwar land-acquisition problems and the hundreds of angry
miners, cattlemen, and homesteaders displaced by the Navy."

Succeeding Hean in July 1949 was Captain (later Rear Admiral) Jack P
Monroe, also a naval aviator and Annapolis graduate. Monroe had a somewhat
less glamorous background than Hean, but one that appears to have better
equipped him for the broad administrative challenges of his new job. Coming to
China Lake from a tour as operations officer on the staff of Commander Aircraft,
Pacific Fleet, he had filled positions of command both ashore and afloat and had
seen action during World War II on the staff of Commander Carrier Division 2.
He had been on board Lexington (CV-2) when it sank during the battle of the
Coral Sea in May 1942. Monroe approached his administrative and fleet-liaison
duties at NOTS with enthusiasm tempered by a healthy dose of pragmatism.?

Military and civilian leaders alike agreed that the concept of the experimental
officer—a savvy military man who functioned as a bridge between the fleet and
the technical staff—was a vital part of the station’s success. “We got a lot from
those guys,” said one engineer. “Those guys had been out there, theyd been
fighting, they knew what the problems were.”?

Military Man in a Civilian Job

The military-civilian teamwork that characterized the station’s leadership
style depended to a large extent on implicit understanding of each team
member’s roles and functions. Yet Thompson was always willing to disregard
tradition when he needed someone to fill a critical leadership slot. As a result, a
coolheaded naval officer with a steel-trap mind arrived on the desert in September
1947 to spend the next seven years in a series of jobs that were usually perceived
as inherently civilian in nature.

Commander Levering Smith later attained the rank of vice admiral in an
accomplishment-filled career that culminated in management of the Navy’s
Special Projects Office and technical leadership of the Polaris and Poseidon fleet
ballistic missile programs. A 1932 graduate of the Naval Academy, he served
with distinction in the war in the Pacific, where he participated in 11 cam-
paigns and engagements and observed early experiments with high-frequency
radio communications and search radar. During a postwar assignment to Re,
he directed programs in propellant development for guns and rockets. He soon
developed productive relationships with Thompson and other China Lakers.
In winter 1946-1947, Thompson began pressing Smith to come to the desert.
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Ellis home was locally famous as the station’s first (albeit unofficial) Officers
Club. For social as well as technical reasons, then, Ellis had a place of special
honor at China Lake.

Smith recalled that soon after he began work as deputy head of the
Explosives Department, “I realized that what Dr. Thompson had asked of me
was to step in between Sage and Ellis.” Smith knew that his effectiveness at
NOTS would depend on the delicacy with which he could make a place for
himself between the two station pioneers without alienating either of them.
“That was really the first position or job that I had that required earning the
respect of those working for you,” Smith said. “To a very considerable extent,
in the military an initial respect goes with having been appointed to the job,
whereas in civilian activities that respect has to be earned.”

Fortunately, both Smith and Ellis believed in putting practical matters
first, and Smith soon discovered that he was seldom needed for day-to-day
department management. “Whether Dr. Thompson thought so or not, Emory
Ellis could handle it quite well with Sage being there only part of the time,”
Smith said.” He decided to interpret the deputy’s job in a way that would keep
him usefully occupied and still give Ellis room to continue as before.

During Smith’s previous assignment in Re, his method of managing
project funds going to NOTS had matched well the informality of the desert
mavericks. “The way you worked your money out with him was you sat down
with him and told him what you needed to do the job,” said one China Laker.
“It was pretty clear that he was not trying to tell you what to do but to set up a
money pattern which would make it possible for the work that was required. He
essentially said, “You do your technical job and we’ll get the money.””* Smith
knew, however, that NOTS could use more knowledge of BuOrd funding
procedures. He and a young assistant began work on improving the station’s
budget requests. This activity, he recalled, “didn’t make us very popular. We
had to ask a lot of questions to get the justifications BuOrd needed.””

Smith’s BuOrd experience had given him valuable familiarity with the
Navy’s R&D planning system, which in 1948 was simple and functional,
relying on only three types of planning documents. Planning objectives,
issued by the Office of the Chief of Naval Operations (OPNAV), were broad
statements of scientific and operational problems; operational requirements,
also from OPNAYV, were estimates of the performance needed for systems or
equipment designed to solve operational problems; and research requirements
from the Chief of Naval Research were statements of the need for scientific
knowledge. Under this system, OPNAV stated broad requirements, and BuOrd
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and the other material bureaus retained full authority to plan and initiate R&D
programs. The Navy Research and Development Review Board conducted
annual program budget reviews to ensure coordination of priorities among the
bureaus. With completion of this process, the bureau chiefs were responsible
for justifying their budgets to the Bureau of the Budget and Congress.

Because Congress funded the bureau’s R&D projects within the context of
an overall program with individual projects not usually appearing as separate
line items, the BuOrd chief had broad reprogramming authority. Times were
changing, though. The establishment of the Office of the Secretary of Defense
in 1947 had created for the first time a single official below the level of the
President who had the authority to coordinate preparation and execution of
the budgets for the military departments. This centralized authority was weak
at first, but it was a sign of more budgetary centralization to come.® In the
meantime, Levering Smith was there to help China Lake’s technical leaders
navigate the existing planning structure more smoothly.

Reaffirmation of Principles

By midcentury the station’s organization and leadership were in transition.
The self-confident Brode had left China Lake in early 1947 to become associate
director of the National Bureau of Standards; he returned to the desert from
time to time at Thompson’s urging to take part in special studies. Hayward had
departed in 1947 for Japan to study the effects of atomic bombing on Hiroshima
and Nagasaki. During his subsequent distinguished career, Hayward became
an important advocate for NOTS, keeping a warm place in his heart for the
desert station he had done so much to form.? Prichard left in 1949 to become
commanding officer of the Naval Ammunition Depot in Shumaker, Arkansas;
he was succeeded by ordnance specialist Captain William Kirten, Jr.

Aside from Ellis and Thompson himself, Sage and Warner were the only
two members of the top tier of NOTS civilian management to stay through the
end of the decade. Each carved out a substantial domain at NOTS. The ruddy,
mustachioed Warner had a Caltech doctorate in physics and lengthy experience
on the physics faculty of the University of California at Los Angeles. An Army
officer in both world wars, he had achieved the rank of lieutenant colonel. In
World War II he had served on General Dwight D. Eisenhower’s staff and
had won international recognition for his contributions to the development of
radar. He was never reluctant to speak his mind, rivaling his colorful colleague
Bruce Sage in the force with which he pursued an independent agenda.
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Like Warner, Sage possessed a Caltech Ph.D. He had joined the station in
1945 as head of the Explosives Department, and in an unusual arrangement
also retained his positions as professor of chemical engineering at Caltech
and as head of a program on hydrocarbon characterization for the American
Petroleum Institute. Sage kept up with his three jobs by driving his well-
maintained Mercury sedan at high speed between China Lake and Pasadena
several times a week. He saved time on these trips by taking shortcuts, careening
across the desert on two-track auto trails. To stay abreast of work at the China
Lake and the Salt Wells Pilot Plants, Sage visited both plants, notetaking
secretary in tow, at all hours of the day or night. China Lakers who worked
with Sage found their interactions intellectually stimulating, if discomfiting.
Warner later praised Sage’s “endless energy,” commenting further, “But it was
sort of like a buzz saw . . . you didn’t want him operating in your area.”®
Among the employees Sage was known as the “Great White Father,” and each
of the barrage of employee memos that followed one of his whirlwind trips to
NOTS inevitably made reference to the wishes of “the GWF” somewhere in
its text. Sage also pursued a follow-up memo system to ensure that employees
responded within their assigned deadlines.”

Asthestation grew, new voices were heard at the Researchand Administrative
Board meetings. The leaders of the technical departments were reasonably
satisfied with the informal, undocumented organizational relationships that
linked functional and project groups across department lines. Difficulties
arose, however, when Public Works and other service departments were
asked to respond rapidly to conflicting priorities emerging from the technical
departments. Switzer suggested that the time was ripe for a reexamination of
organizational relationships and for a chart that clarified these relationships.
Thompson cited an earlier caution from Parsons not to confuse an organization
chart with an organization, but conceded that a chart was probably needed.*

Consequently, as NOTS’ fifth birthday arrived in November 1948, the
commander’s staff had gathered ideas from Research Board members and
was hard at work on a revision of its principles. The resulting station order,
appearing that December, reaffirmed the precepts of the original principles but
added new information on the organization by which these precepts would be
carried out. The revision leaned heavily on the concept of accountability, using
variations on the word “responsible” a total of 17 times as opposed to just once
in the 1946 principles. The new principles added a description of the position
of executive officer, successor to the deputy commander, who was stipulated as
“the principal advisor to the commander for the military components.”*
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The new station order reaffirmed Switzer’s responsibility to BuOrd for both
managerial and technical control of NOTS, as well as to the Commandant
Eleventh Naval District for “matters pertaining to military command and
coordination control.” In the revision, the technical director had “primary
cognizance” over the station’s technical organization. Thompson had previously
been charged with “control,” rather than “cognizance,” a word substitution he
could have interpreted as a weakening of his authorities. However, he was a full
party to the change, which he may have seen as a better description of his job.

At Thompson’s instigation, the new version of the operating principles
established two new associate technical directors answering directly to the
technical director and responsible for planning and coordinating the station’s
major work areas in engineering and in research and development. Thompson
had been planning the change for several months and had already settled on
the men he wanted in the two jobs: Wallace Brode for R&D, Bruce Sage for
engineering.* After Brode declined the R&D job, Thompson decided to leave
that position unfilled until he could find the ideal person for the job. For the
following year, the associate director for R&D was listed on the organization
chart, but with .. .” where the name should be.

Sage took on the associate director for engineering position in January
1949, also staying on as head of the Explosives Department. He began his new
job with his usual high energy and enthusiasm, but Thompson continued to
fret about his dynamic colleague’s propensity for collecting jobs that required
him to be in several places at once. Later that year Sage’s name disappeared
from the Explosives Department organizational listing, and Levering Smith
became the department’s de facto head.”

Subsequent reorganizations were designed to facilitate a natural
workflow, with Thompson functioning more as a leader than as a director.
He was especially interested in fostering basic research within the context of
a pragmatic technical organization and in assigning responsibilities to China
Lake and to its annex in Pasadena in a way that would make the best possible
use of the unique assets of both sites. The Science Department (renamed the
Research Department in 1948) continued under its deputy department head,
Dr. Christian T. Elvey, an astronomer with a strong interest in basic research.
When the NOTS Pasadena Annex was officially established in July 1948, the
Experimental Production Department was set up to carry on manufacturing
operations in the Pasadena area and to take over China Lake’s specialized shops
and test equipment, which had been in the Science Department. Experimental
Production was renamed the Design and Production Department in January
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1949 with the arrival of a new department head, Donald C. Webster, formerly
chief engineer of Librascope, Inc.

Within a few years, departments would change names several more times
and the number of technical departments would triple, with recombinations of
the Science Department eventually resulting in the Research, Engineering, and
Technical Information Departments; with the Explosives Department splitting
into the Rocket Development Department and the Propellants and Explosives
Department; and with the Experimental Operations Department briefly
renamed the Development Department and then split into three departments:
Underwater Ordnance, Aviation Ordnance, and Test.* These and changes
at lower levels of the organization occurred with a frequency that was cause
for levity among the workforce. As one employee later commented, “There
was always a reorganization going on! You used to hear that it was the Naval
Organization Test Station.””

Taking Advantage of Physical Assets

People were at the heart
of the station’s smooth
functioning, but nearly as
important were the physi-
cal assets—instrumented
test ranges, laboratories,
shops, airfield—all neces-
sary to the cradle-to-grave
ordnance creation and sup-
port that were the station’s
reason for being.

The vast, remote land-
spaces that had attracted
the Navy and Caltech to
the Mojave Desert were
as of 1948 still relatively
primitive. With a few ex-
ceptions, such as the high-
speed cameras designed

by Caltech scientist Dr. Michelson Laboratory machine shop, May 1948.

h:a S. Bowe.n arld ASkanii‘ Laid out on the front table are components of the
cinetheodolites “liberated 5.0-Inch High-Velocity Aircraft Rocket (HVAR).

U.S. Navy photo NI'/45 32
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from the Germans at war’s end,
the ranges’ crude instrumenta-
tion represented clever efforts to
make do with what test conduc-
tors could scrounge or modify.
Documentation for tests was of-
ten haphazard, with the signal
to start a camera dependent on
landline voice signal and opera-
tor reaction time. Station plans
to install permanent range facili-
ties began early, but the needs of
the moment had priority. Range
people coped with makeshift
buildings and equipment—and
still racked up an impressive re-
cord of testing successes.*®

Although NOTS was at first

Harp in use at B-1 Tower, July 1949. shut out of the missile-devel-
The NOTS-developed device recorded aircraft opment work that would soon
position during bomb delivery on become its specialty, missile test-
ground targets. ing—for BuOrd and BuAer pro-
grams in about equal measure—was always a major activity. In the immediate
postwar period NOTS ranges supported one of BuAer’s main programs, the
radio-controlled subsonic missile Lark intended for shipboard launch against
aircraft.® The program contributed numerous physical assets to NOTS rang-
es, notably a 450-foot eight-degree ramp of standard-gauge railway track,
constructed in 1946 and referred to thereafter as the Lark ramp. Between
Lark firings, station rocketeers used the ramp for exterior-ballistic tests of
high-velocity rockets.

The Lark ramp discharged its cargo directly over the G-1 (live firing) and
G-2 (inert firing) launching areas so that with each test these areas had to be
vacated for safety’s sake. (For range locations, see the map on page 228.) From
the start, the plan had been to replace G-1 and G-2. But because the funding
for permanent facilities was hard to come by in the frugal postwar era, free-
flight firings continued from the G-1 and G-2 launching areas until 1955.

Test personnel were careful, and unsafe Lark launches happened only
rarely. The exceptional misfire could be hair-raising. Guy C. Throner, who had

U.S. Navy photo NP/45 2252
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come to NOTS in 1945 as an ordnance disposal officer and who had stayed on

for civilian employment in the Rockets and Explosives Department, had vivid

memories of one flight test:
They launched a Lark, and it was supposed to go right and left and right and left
down G Range. Well, it got no left signals. It got a right signal, and it turned
and flew over the magazines, which had . . . thousands of tons of ballistite and
bombs and everything else. . . . It took another right turn at the right interval
and flew over the Salt Wells Pilot Plant. It took another right turn over the Salt
Wells Pilot Plant and flew over the China Lake Pilot Plant. It took a right turn
over the living area and landed 500 feet in front of the Lark launcher.

After the test participants were able to breathe normally again, one of
them got on the phone to Throner and demanded, “Give us something to blow
the damn things up.” Such requests motivated Throner and other explosives
specialists to begin work on a series of destructors, designed primarily to blast
a missile into sections, terminating its flight when conditions became unsafe.
Destructors were also designed to cut off fuel, cut control cables and wires, or
sever instrument-carrying sections.*

U.S. Navy photo NPIS 24337

Lark fired from NOTS launching platform, 30 September 1949.

19



Digitized by GOOS[Q



Rocket Station

Aircraft Corporation version, Meteor II, was to have a solid-propellant booster
rocket and to be sustained by ramjet.

NOTS provided range and launching facilities, equipment for flight
preparations, meteorological observations, and flight-test instrumentation for
Meteor tests. The station’s assessment group assisted Bell with data reduction
and computation methods. Fifteen Meteor I flights occurred over a three-year
period beginning in November 1948 when the first experimental test vehicle
for Meteor was launched from G-1 Range.*

The station’s superior instrumentation and vast acreage, which made safe
missile recovery possible, brought tests of Dove to NOTS in preference to East
Coast facilities. A general-purpose 1,000-pound bomb, Dove incorporated an
infrared homing system that allowed bombing from altitudes up to 30,000 feet.
Eastman Kodak Company had technical direction of the program. During the
last two months of 1948, 19 Dove missiles dropped over NOTS from Douglas
AD-1 Skyraider and Grumman F7F-3 Tigercat aircraft at an average altitude
of over 30,000 feet. The test objectives were to obtain trajectory and missile
performance data, and the station used its Askania cinetheodolites and Mitchell
Chronograph cameras to keep track of each missile’s exact flight path.

Recovery was still difficult, since the Doves plummeted from the heights
with such force that they would plunge down through much as 30 feet of
desert hardpan before coming to a stop. Eastman Kodak provided shock-
packaged photo capsules for internal recording of missile functions, but the jolt
of impact forced Eastman and NOTS to modify the photo capsules three times
before coming up with a system that minimized film damage. As a result of this
work, satisfactory film recovery from the last seven missile flights allowed the
test series to be completed successfully. The last Dove test at NOTS occurred
on 15 December 1948. The test program then moved to the Naval Aviation
Ordnance Test Station (NAOTS), Chincoteague, Virginia. #* But, as with all
such test experiences, NOTS had gained knowledge and instrumentation from
the experience.

Perhaps the most significant postwar missile tests at NOTS supported the
pioneering Bumblebee program, which began as a ship-launched ramjet during
World War II to counter the threat of Japanese suicide weapons in the Pacific.#
The Bureau of Ordnance had assigned Bumblebee technical direction to the
Applied Physics Laboratory (APL) of Johns Hopkins University in 1945. The
program subsequently expanded to encompass three separate missile objectives:
the Talos ramjet, based on the original Bumblebee specifications for intercepting
aircraft targets at altitudes up to 60,000 feet and horizontal ranges from 10,000
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mented flight line long enough for dry recovery. Between 1945 and 1952, more
than 200 Bumblebee test vehicles flew over the sands of China Lake.* Program
demands were broad, with several types of vehicles launched to test propulsion,
ballistics, guidance, and ramjet ignition. Keeping up with testing needs became an
increasing challenge. Launchers, radars, fire-control centers, assembly buildings,
shops, magazines, electronic test equipment, and camera and telemetering
stations were added between missile firings.

In March 1948 the first two beam-riding flights to be conducted anywhere
at supersonic velocities took place over NOTS ranges. Tests of Bumblebee
vehicles necessitated such a heavy schedule that by January 1949, Dr. Nicholas
A. Renzetti, head of the Measurements Division of the Aviation Ordnance
and Test Department, was scheduling range time seven days a week, and Elvey
added a swing shift for Research Department employees engaged in data-
reduction activities.”

Another major use of the ranges involved the complex fire-control problems
pilots encountered as they fired rockets in both air-to-air and air-to-surface
attacks. Thousands of rockets had been fired at NOTS during the earliest years
of the station’s existence in attempts to verify Caltech rocket-sighting tables for
the fleet. These tables helped pilots fire their rockets more accurately, but using
the tables was a cumbersome, sometimes impossible process, requiring the
pilot to consult a table strapped to his knee even as he coped with conditions
likely to change at lightning speed. More sophisticated fire-control devices
were clearly needed. By 1948 fire-control authorities in Washington had
recognized the desirability of the station’s expertise, clear flying weather, and
physical proximity of laboratories and test spaces and had assigned NOTS the
development responsibility for several fire-control radars and bomb directors.
Responsibility for complete fire-control systems soon followed.

But the station was about much more than getting the rocket to its target.
Other facilities helped NOTS rocketeers build and improve every part of the
weapon. Station innovations in propellants and explosives—the “go power”
and the “blow power”—made a revolutionary difference in rocket design.
These new designs were possible because the innovators could try out their
ideas in China Lake facilities.

Development and experimental manufacture of solid propellants were
crucial to the station’s mission from the beginning. Pilot-plant facilities were
among the first to be built at NOTS. The China Lake Pilot Plant (CLPP),
referred to by China Lakers as “Clip,” had been constructed as a joint project
of the Navy and Caltech during World War I, and the hundred or so buildings
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explosives specialists at Area R built their own welding shops, electrical shops,
machine shops, wood shops, and firing barricades where they could study the
fragmentation of exploded warheads.®

Another essential component of the ordnance life cycle was the Naval
Air Facility (NAF), a permanent installation at Armitage Field just four
miles north of the China Lake administrative area. Facilities at the field
included three 10,000-foot runways, two hangars, a well-equipped shop,
and all the equipment necessary to keep a stable of aircraft ready to meet
NOTS’ testing needs.

The airfield provided the pilots, aircraft, and services required to train
flight crews and to conduct tests and evaluations of aircraft rockets, fire-control
systems, and other systems and components. These assets, plus the excellent
flying weather and proximity to the technical work, allowed NAF to function
as a seamless part of the station’s mission.

From the first days of its existence, NOTS had needed—and received—
extensive help from the Navy’s pilots and aviation support personnel. The
station’s first airfield (Harvey Field) had been built in Inyokern to meet urgent
wartime needs for rocket testing and had been officially established as the U.S.

Aerial view
of the Naval
Air Facility,
China Lake.
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Rocket-Launched Potato Masher

Testing needs were the immediate motivator that brought the Navy and
Caltech to the Indian Wells Valley in 1943. But the station was always about
much more than testing. Innovative solutions to the needs of the fleet—*“that’s
what NOTS was for,” Levering Smith said.* The station was working on an
amazing array of such solutions.

The specific innovations Smith referred to were in Weapon Able, or
Weapon A, an antisubmarine depth charge whose distinctive, top-heavy shape
earned the nicknames “the flying milk bottle” or the “potato masher.” The
Weapon A development stemmed from a BuOrd decision at the end of World
War II that the Navy needed a new long-range rocket-propelled antisubmarine
weapon to be forward-launched under sonar direction from a surface ship. The
station started the project in mid-1946, with notable support from Caltech
people and facilities at Pasadena, soon to become the NOTS Pasadena Annex.
A complete Weapon A round was ready for ground firings by 1948.

The weapon presented difficult technical challenges, some caused by
changing requirements from BuOrd. The station had responsibility for
developing all Weapon A components except the magnetic-influence fuze,
a Naval Ordnance Laboratory product that used nonmagnetic materials
in the warhead and motor. When a proposed aluminum warhead proved
unacceptable because of its high electrical conductivity, station engineers
began experimenting with glass-reinforced plastic for the warhead case and
aluminum for the motor tube, a pioneering use of such materials. The idea of
using plastic and aluminum in high-pressure, highly energetic applications had
little credibility in those days, so NOTS engineers were taking a risk to pursue
these experiments.

Weapon A team members were especially proud of their plastic warhead, a
difficult design challenge, since the head had to be strong enough to withstand
the ocean’s pressures down to depths of 1,000 feet. The earliest heads were hand
fabricated of plastic-saturated fiberglass. After discovering that the fiberglass
could not be wound tightly enough by hand to avoid air bubbles, propellant
experts devised a more satisfactory casting method. Ground firings in 1948
showed that the complete round was reasonably accurate.*

Since NOTS had fulfilled the task assigned by BuOrd, Sage suggested
in June 1948 that the bureau be requested to terminate the station’s Weapon
A project and consider any subsequent work on the weapon to be a separate
development project. The Research Board agreed. When Thompson returned
from his next trip to Washington, however, he reported that BuOrd was
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performance aircraft rockets since the closing days of World War II, when
German jets armed with heavy nose cannons began attacking U.S. bombers
from the rear, out of range of the bombers’ tail guns. Under the Caltech rocket
program, NOTS worked extensively on spin-stabilized rockets as possible
countermeasures for both rear and frontal aerial attacks. Station rocketeers
fired numerous spinners from the 1,500-foot track launcher at K-2 Terminal
Ballistics Range. The results were disappointing. An initial slow spin signaled
the rockets’ instability. Once the spin necessary to stabilize the rocket was
attained, centrifugal stress and unpredictable dispersion patterns resulted. To
combat these problems, NOTS experimented with spinning the rounds while
they were still in the launcher, but the necessary mechanisms were complex and
cumbersome.® The 5.0-inch air-to-air spin-stabilized rocket known as GASR
(General Aircraft Spin Rocket) was canceled, as were other spinners. However,
as with many other such projects, the lessons learned in the spinner program
paid off in later successful applications.®'

What the Navy needed for its new aircraft were rockets that would be
small, lightweight, speedy, and stable in flight. Caltech’s 5.0-Inch High-
Velocity Aircraft Rocket (HVAR) had been a success in World War II, with
rockets by the thousands inflicting heavy damage on Japanese transports and
defensive fortifications. As the war ended, more than a million HVARs had been
stockpiled ready for combat use. But by 1945, aircraft speeds had increased to
the point where more rapid rockets were needed.®

One thing slowing the HVAR down was its steel rocket tube. An aluminum
rocket tube would clearly be preferable, but two major problems kept aluminum
from being used. One involved the attachment of the nozzle and head to the
tube. The heavy steel construction of earlier rockets allowed the use of snap
rings, devices like the piston rings of automobiles that could be squeezed into
double-depth grooves in the nozzle and head. Those components were then
slid into the steel tube until the snap ring expanded, snapping into a prepared
groove in the tube.

Even with the steel tubes, determining whether the ring was properly seated
was difficult. The softer aluminum tubes made it impossible for the expanding
rings to seat properly. Harold H. “Pat” Patton, head of the Ordnance Branch
in the Explosives Department’s Rocket Division, came up with a locking ring
that permitted the use of shallower grooves and that later became standard for
all internal-burning aluminum-tube motors.*?

The other main problem with aluminum tubing was that if hot propellant
touched the aluminum, it would lose strength or rupture. At war’s end a
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combined several new features that later became standard in all ordnance
rockets. White Whizzer was under the management of Caltech, but the entire
program, including aluminum-tube manufacture, was accomplished at NOTS.
Central to the rocket’s novel design features were the aluminum tube and the
extruded, inhibited propellant charge, incorporating Price’s idea that a star-
shaped perforation would eliminate combustion instability.

Inherent to the internal-burning grain was a stable inhibitor (made of
cellulose acetate or other slow-burning material) cemented in tape or sheet form
to the grain’s outer surface to prevent external burning. The inhibitor worked
for newly made rounds, but with longer storage, performance deteriorated so
markedly that the rocket could not be effective in use. The solution to this
problem well illustrates the value of China Lake’s hand-in-glove relationship
between researchers and developers. Only at NOTS could the propellant staff
turn for help to a research staff so familiar with the work that it was often
already well on the way to a solution. In this case, Dr. William S. McEwan of
the Chemistry Division and Dr. Eli Besser of the Propellants Division showed
that the problem occurred because the cellulose acetate absorbed nitroglycerine
from the propellant.

The station made a national search for a more satisfactory plastic, with
plastic manufacturers submitting their confidential formulations along with
samples of their products. Dr. Fred Ernsberger of the Chemistry Division
evaluated the relative inhibiting values of these plastics and found only one
material, an experimental plastic not yet produced in commercial quantities,
satisfactory. The Navy had to build a plant for production of this product.* The
inhibitor not only confined burning to the internal perforation, but also served
as a minor reinforcement for the propellant by helping maintain the integrity
of the grain as burning neared completion, thus helping defeat the problem of
premature grain breakup that frequently resulted in erratic behavior.s

Building on the successful White Whizzer demonstration, NOTS had also
achieved encouraging results with aluminum alloy as a possible motor-tube
material for Weapon A. By early 1949 a prototype 5.0-Inch High-Performance
Air-to-Ground (HPAG) rocket motor, incorporating an internal-burning grain
and a light aluminum-alloy motor tube, had been manufactured and field-
tested. The plan was that HPAG would eventually replace HVAR as an air-to-
ground weapon. The new rocket’s first intended use, however, would be as an
antisubmarine weapon (HPAW) for patrol bombers to fire at submarines at
shallow depth. The idea was that the rocket would travel 200 feet under water
and have sufficient velocity to penetrate a submarine hull.*®
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Patent presentation
to Albert S. Gould
for Mighty Mouse

folding fins and
their operating
mechanism, 13
September 1957.

Gould (left) receives
the patent from G.
D. O’Brien, patent
counsel, Bureau of

Ordnance. Kenneth
H. Robinson, head

of the Technical
Information
Department,

is at right.

U.S. Navy photo

Gould turned a potential liability into an advantage by using the pressure
generated by the burning rocket motor to push four small internal pistons into
operation. The pistons in turn forced open four fin blades the instant they
cleared the launcher. Since both the acceleration forces outside the rocket and
the opening force exerted on each fin by its piston were directly proportional
to the pressure within the rocket motor, the system was self-compensating over
the entire temperature range at which the rocket operated. The rocket with its
fins closed was no bigger around than the diameter of the motor tube.”

The proximity of the test ranges to laboratories and machine shops meant
that changes could be made and tested rapidly. An invaluable tool for refining
Gould’s folding-fin design was the K-2 experimental launcher 12 miles northeast
of the China Lake housing area. As Gould and members of the Launcher Section
under Hugo Meneghelli toss-launched inert models at various velocities from
the K-2 rocket sled, they were able to look closely at how various fin shapes,
nose contours, and head shapes affected rocket behavior.”

The station’s first folding fins showed such promise that in March 1947
BuOrd requested development of a 3.25-inch folding-fin rocket, a diameter
selected for the practical reason that NOTS already had a stock of tubing of
that size left over from Caltech’s World War II-era 3.25-inch fin-stabilized
aircraft rocket.” In fall 1947 the bureau directed the station to split its small-
caliber aircraft rocket program into three parallel lines of development. Work
on a folding-fin version of the 3.25-inch rocket would continue, as would
development of an interim fixed-fin version of 2.4-inch diameter (calculated to
be the maximum size that could be stabilized by fixed fins contained within a
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With requirements firmly in mind, the NOTS team set to work on other
aspects of the project. The first big payoff for the small, but mighty rocket
would occur with the Korean conflict. In the meantime, those responsible
for rocket development in Re3 began thinking that if small was good,
smaller might be even better. In late 1948 the bureau asked the station to
begin development of a 2.0-inch solid-propellant folding-fin aircraft rocket.
NOTS analysis showed that a 2-inch-diameter rocket could cause a target
aircraft to crash, but China Lakers squeezed the new assignment into an
already busy schedule.®

Cooking Up Small Batches

Crucial to the station’s major advances in rocketry were propellant
innovations to lessen pressure variations with changes in temperature. NOTS
propellant experts were confident that they could develop such propellants,
but something had to be done to speed up the ponderous process by which
new propellants were formulated, developed, and tested.

The absence of facilities on the West Coast capable of manufacturing
experimental propellant lots forced the station to order experimental
compositions from Picatinny Arsenal. With this arrangement, the process of
planning, ordering, manufacturing, and shipping new compositions to NOTS
for evaluation took about a year. Furthermore, Picatinny produced lots that
were far larger than needed for initial tests of new propellants that would
require numerous modifications before they were ready for production.®

China Lake’s chemists and propellant developers were eager to use
laboratory-scale methods, which would allow them to test new propellants in
weeks rather than months and at a fraction of the previous expense. A small-
scale processing facility, the 3-inch line, had been set up at CLPP in 1946 for
nitrating glycerin, mixing slurry, and rolling 5- to 10-pound batches of sheet
propellant. The 3-inch-diameter rolls the line could produce were too small to
adequately simulate the full-scale rolls used in the large production plants.*

Sage grasped the occasion of the NOTS Advisory Board’s first meeting
in August 1949 to present the view that broadening China Lake’s propellant
program to encompass every step of the development process would benefit
not just NOTS but the entire nation. Progress in propellant development
was slow, he told the board, because nowhere could a propellant program be
carried through from start to finish. “Until this is done, we essentially have
no process control, and no one should be surprised at the variation between
different lots of powder,” he said. His listeners knew that process control was

35



Magnificent Mavericks

critically important because even a small variation could significantly affect a
rocket’s ballistics.*

A solution to the deficiencies Sage outlined was already under way. In 1948
Wiegand began planning for an experimental facility for small-scale solventless-
propellant manufacture. He and propellant experts Quentin Elliott, Francis
Warren, and Harry Connable designed the modifications needed to convert
several of the buildings in CLPP’s 3-inch line to allow the line to produce
larger-diameter rolls.

Wiegand, Elliott, Warren, and Connable carefully scaled the equipment
to ensure that the material it turned out would match that in subsequent
large-scale manufacture. The completed small-scale manufacturing plant,
unexcelled elsewhere in the country, included facilities for mixing and
filtering small batches of propellant ingredients; drying, aging, and blending
the resulting propellant paste; rolling this paste into sheets; cutting the rolled
sheets into small pieces for extrusion in vertical presses; then heating and
extruding these pieces into cylinders for evaluating mechanical properties and
for explosive testing.

Following this manufacture, which could occur rapidly and inexpensively,
NOTS solid-propellant experts could subject an experimental composition to
rigorous physical, chemical, and combustion tests. Only after a new composition
had passed these tests would it be considered suitable for pilot production and
testing.*

Support for Research and Analysis

Underlying the hardheaded experimentation, development, and testing in
NOTS laboratories, pilot plants, and airspace were the new ideas that came
from looking ahead, from analyzing changing political requirements and
technological possibilities. Thompson advocated strong NOTS involvement
in planning and analysis. “We need more of and not less of this work if we
are going to understand the environments of the future, the objectives of the
future, and the constraints of any kind of conflicts—procedures, strategies, and
tactics of the future,” he said. Expressing his belief that “you can’t do that best
job in the best possible way unless you do know something about the criteria
that have to do with what you select or don't select as characteristics of your
weapon,” he added that a small evaluation group was necessary to arrive at
those criteria.

At first he had difficulty selling the idea in Washington. He summarized

the bureau’s reaction as “Oh, why don't you go back to Inyokern and build us
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some specific rockets that we've said we want. Why do you bother about these
things. We'll tell you!”*> Bureau Chief Noble, however, agreed with Thompson’s
arguments in favor of more autonomy for China Lake. In July 1948 BuOrd
sent the station a memorandum indicating a desire to strengthen analysis
and evaluation activity as part of the regular work at NOTS, an activity the
memo said could be “more effectively carried out” at field activities than in
Washington.® The station was already in the process of setting up a central
Technical Planning Staff, and the BuOrd memo accelerated that process. What
was not clear from the official correspondence was that the bureau itself had
been pushed by the Department of Defense Research and Development Board
(RDB), which in turn had been lobbied by Thompson.

The Technical Planning Staff, a small group of mathematicians, engineers,
and operational analysts, began with the question of whether the station
could develop a guided missile with minimum homing for rear attack, then
expanded into two broad areas—maintaining contact with analysts elsewhere
and conducting studies that focused on the effect of combat conditions on the
station’s choices in weapon characteristics. “Our objectives in this field are not
primarily concerned with establishment of operations doctrine, but rather with
specific conditions under which it is desired to have definite relative measures
of effectiveness,” Thompson said.®” That first small analysis group would later
grow into the Weapons Planning Group, a significant effort at China Lake.

Thompson also saw the area of research as deeply significant to the
station’s continued well-being. In 1948 perhaps two or three percent of
China Lake’s efforts went to basic research in areas related to those occupying
NOTS development personnel.® Many of the station’s early leaders and their
supporters in the bureau considered research the backbone of the station’s
technical efforts. In March 1948 Noble wrote NOTS a strongly worded
memorandum to that effect:

I wish to make it a matter of record that I, as the Chief of the Bureau of Ordnance,

and also the officers and civilian personnel of the Bureau of Ordnance, fully

appreciate the necessity for the establishment and maintenance of a strong,
important, and virile research program; and that in their respective fields

Naval Ordnance Laboratory, White Oak, and Naval Ordnance Test Station,

Inyokern, are not only invaluable, but are the principal source of authoritative

competence in the Navy, if not in the entire United States.®

Thompson had another motivation for supporting basic research: he
believed that good research scientists would stay at China Lake only if they had
the latitude to work on the projects that most interested them. To the question
of how closely such research should be tied to the station’s development efforts,
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the committee called “wholly inadequate . . . to carry out the programs
undertaken by the Station.” The committee also discovered few research
projects in propellants, thermodynamics, warheads, or fuzes, fields in which
the station needed competence. Furthermore, the committee said, the Research
Department’s work in basic physics was “concentrated in one field of endeavor,
that is, studies of the light from the night sky to determine the state of the
upper atmosphere.”

The Research Board endorsed the committee’s conclusions that more
physicists should be hired, that “gadgeteers” should be transferred into other
work, and that the station should concentrate its main research effort on work
potentially applicable to rockets and underwater ordnance. In keeping with
Thompson’s philosophy, however, the board also endorsed continued support
of the night-sky studies.”

At the heart of this decision was an agreement that the emphasis at NOTS
would be on foundational research, studies undertaken with tangible goals in
mind, a category somewhere along the fuzzy border between basic research,
with its emphasis on formulating and validating theory, and applied research,
with its applications to specific practical problems.”

In later years, such a loose interpretation would be superseded by the
necessity to assign specific funding categories for all projects. In the years
immediately following World War II, however, responsibility for coordinating
the research programs of the bureaus lay with Office of Naval Research (ONR),
which served as an early champion of Navy funding for basic research in both
the Navy laboratories and the nation’s universities.

In practice ONR exercised little authority over research at the individual
laboratories, an approach that suited NOTS’ iconoclastic scientists well. The
August 1946 bill creating ONR had softened the new organization’s authority
after the material bureaus threatened to oppose passage on the grounds that the
originally proposed wording would erode their authority to direct their own
research activities. The bill had also established a 15-member Naval Research
Advisory Committee, appointed by the Secretary of the Navy and responsible
for advising the Chiefs of Naval Operations and Research on R&D matters.

The Station in 1948

As this book begins, then, the magnificent mavericks of NOTS possessed
the leadership and support at home and in Washington, the funding, the
organizational structure, and the facilities they needed to create the aerial-
warfare products the Navy needed for defense of the nation. In the less than
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Life on the Desert

Living conditions in the Indian Wells Valley in the late 19405 and early
19505—the desert’s stinging winds, alien terrain, and lack of the usual amenities of
civilization—drove some newcomers away. But many who stayed grew to love the
place. The isolation of China Lake ensured that its residents would live, work, and
play rogether. And despite the rigors of desert living—or, as some have suggested,
partially because of them—morale was extraordinarily high.

Living With Nature

Visitors sometimes described the Indian Wells Valley, located in the Mojave
Desert about 150 miles north of Los Angeles, as nothing but sand and dust.
But the desert appeared lifeless only to those who didn't look closely enough.
The Indian Wells Valley was home to more than 620 species of amphibians,
reptiles, birds, and mammals, and Dr. L.T.E. Thompson’s perception that
“living here is quite interesting” was shared by many of his neighbors."

Balmy summer evenings with brilliant star-filled skies and a subtle variety
of natural surroundings were among the pleasures of life that for many balanced
out the discomfort of howling desert winds and stinging clouds of sand that
could blast away paint, etch windshields, and deposit a coat of grit on anything
that didnt move, outdoors and in. When visitors complained of the three-digit
summer temperatures, residents countered, “It’s a dry heat.” The low humidity
made the desert’s climate bearable, even preferable, to that of the sticky Midwest
from which many NOTS workers had moved.

Rainfall averaged only 2.4 inches a year, with this dribble of precipitation
usually occurring in late fall through early spring. Valley residents—except for
hay-fever sufferers—rejoiced when winter showers were sufficient to ensure the
springtime miracle of a desert in bloom. The most spectacular springs covered
the hillsides of nearby Short Canyon with stands of poppies so dense, Rocketeer
Editor Don Yockey said, that the canyon walls “looked like a tile roof.”

Beginning in 1945 the Women's Auxiliary of the Commissioned Officers
Mess presented a wildflower show every spring. Vernon and Anabel Carr,
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“We used to have horned toads and lizards in the refrigerator because if they'd
cool them down, theyd ride the electric train without running away,” Guy
Throner remembered.’

Harold H. “Pat” Patton recalled an unnerving experience at the home of
Beulah and Levering Smith (known to their friends as “Boots” and “Rosie”):

My son Bruce was then about five, I guess, and we were going to eat out on
the patio, and Boots and B. J. [Patton] were in the kitchen working on dinner
... and Bruce, who was a great naturalist, who was always coming up with ants’
nests under his bed, came in and tugged Boots’ skirt and said, ‘Mrs. Smith,
do you want that snake under the table?’” And she said, “WHAT? Rosie!” Sure
enough, under the table on the patio where we were about to sit down and eat
dinner was curled up a sidewinder. And Bruce wanted it. He wanted it for his
collection. Rosie and I went and got an old box or something and collared the
sidewinder.?

Perhaps even more unnerving was a nighttime adventure famed Swiss-
born balloon designer Dr. Jean Piccard reported to the Los Angeles Times after
he visited China Lake in June 1952:

In a story relating his hopes of eventually ascending to a height of 10,000

feet in a new balloon that he had designed, Dr. Jean Piccard reported that his

latest problem, aside from raising $250,000 for the balloon ascension project

is to identify a peculiar animal or insect he found in his bed while visiting at a

nearby military base. . . . He described it as having 12 legs and being three or

four inches long.

When a Rocketeer reporter asked the China Lake Museum for information
on Piccard’s experience, curator Tiemann suggested that the nocturnal
visitor might have been a solpugid, a nonpoisonous member of the scorpion
family. His explanation that the creatures were quite common, having been
“found in beds on the station on previous occasions,” no doubt did little to
reassure Piccard.’

The Navy’s Village

As the largest community built and run by the U.S. Navy, the “village” of
China Lake presented unique management problems. The deputy commander
ran the service organization, including the community, from the military side
of the NOTS organization. But since about 80 percent of the employees were
civilians, and since most of those employees resided in China Lake, the level
of necessary community facilities and services fluctuated in direct response to
the recruitment and retention needs of the technical organization." For this
reason, station civilian leaders also participated in community management.
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Community of China Lake, 14 April 1948.

Bennington Plaza, with its gym and shopping complex, is at center. To the left at the end of
the street is the Commissioned Officers Mess, now the U.S. Naval Museum of Armament
and Technology. The Mirror Lake playa (dry lake) is at upper left.

By 1948 the Navy had begun a long and arduous process of withdrawing
some of the benefits that became available elsewhere as the community grew.
For example, even though China Lake had a small post office at Bennington
Plaza starting in 1945, home delivery of mail was not available until June
1948. Before that, mail arrived at the workplace, so that an employee might
come back from lunch or an appointment and find that a mail-order tire had
become an impromptu paperweight on his desk. Such deliveries increased the
difficulty of keeping the Navy’s items and personal property separate. With
home delivery, office delivery of personal mail gradually abated.™

A Vehicle for Community Representation

While Richmond kept the community running smoothly and made logistic
and policy recommendations to the command, the residents of China Lake
had their own vehicle for influencing community governance. The Employees
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U.S. Navy photo NP/45 42946 courtesy Nancy George

Temporary school buildings at China Lake, October 1951.

investigate. He found that the organization’s administrative assets consisted in
their entirety of one file cabinet, one desk, and one employee, who worked a
grand total of two hours a day. Nevertheless, the McClungs were among many
China Lake residents who decided to become members. Assets grew rapidly—
to more than a million dollars by the credit union’s tenth anniversary."”

In 1949 NOTS command extended the right to vote for EWA representatives
to all adults living in China Lake, not just station employees; this change gave
the entire community a voice in its own representation. To reflect the broadened
member base, EWA was renamed the China Lake Community Council in April
1950, and the community was divided into precincts to elect representatives
to serve on the council.'® Although not privy to most of the policy decisions
affecting the community, the Community Council did serve as a sounding-
board for the NOTS command on matters affecting the community. Council
recommendations led to improvements in recreation, medical service, mail
delivery, restaurant service, school districting, and telephone service. Captain
Walter V. R. Vieweg described the council as “the one agency to which I turn
when the collective opinion of the community is needed.”"

Because of the paucity of community services in China Lake’s early days,
NOTS command permitted civilian employees and their families to use the
commissary store and the Navy Exchange, facilities normally reserved to the
military. These special shopping privileges were a constant source of irritation to
merchantsin Ridgecrest, the growingcommunity justoutside station boundaries.
As a result, one of the council’s most important contributions was in the area of
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Bottom, from left, are Beulah “Boots” Smith with an unidentified friend,
Elizabeth “Liz” Robinson, and Captain Levering Smith, early 1950s.

otherwise a rustic lifestyle. “We never went anywhere to a party after 5 o’clock
without our white gloves,” Boots Smith recalled, adding that she was pleasantly
surprised upon her arrival at China Lake to discover “such beautiful etiquette
and manners out in the middle of the desert.”*

An important part of community life for the wives of officers and civilian
scientists alike was the Women’s Auxiliary of the Commissioned Officers Mess
(WACOM). Kay Burroughs, wife of the station’s first commanding officer,
had started the organization as a replacement for both the Officers’ Wives
Club normally found on a Navy installation and the Faculty Wives Club the
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and was horrified to discover that local children were waiting for as long as a
year after their initial interviews for treatment in Bakersfield. When Virginia
McDonald was invited three years later, as AAUW president, to sit in on a
budgeting session of the local Community Chest, she was in a good position
to suggest that money earmarked for emergency relief might better be spent
for counseling services.

The Community Chest board of directors, swayed by her pleas, allocated a
sum of $1,000 for a counseling service “providing a trained social worker and
suitable facilities could be found.” In a fortunate coincidence, Dr. Eli Besser
and his wife Sylvia, an experienced social worker, had just arrived in China
Lake. Sylvia Besser agreed to work a day a week for a year. AAUW members
obtained permission for her to use the Red Cross sewing room at the Station
Dispensary for her office. In January 1951 the Desert Area Family Welfare
Service began operation. The first year’s budget amounted to $1,347, with 93
individuals receiving counseling.

The following year, after agreeing to double her time worked, Besser
counseled 201 people, spending far more than the time she was paid for. Then
in 1956 the board of directors hired a secretary and a second trained social
worker, Betty McDaniel, each for a day per week. With that help, the agency
could handle 25 to 30 interviews a week—a heavy load for a part-time staff.

Getting financial support was a struggle, particularly before federal aid
through a state agency was obtained in 1956. When that aid arrived, Besser
increased her workload to three days a week, and a caseworker was hired for
two days a week. Desert Area Family Welfare Service set up operation in the
NOTS Training Building and began full-time office hours. Financial support
from the United Fund also helped. Besser left the area’s first mental-health
agency in 1957 to take a position as a personnel consultant to pupil personnel
service at Burroughs High School. After that good start, several mental-health
agencies continue to offer their services in Ridgecrest today.?

Intertwined Social Lives

Unlike the professional employees and military officers who occupied the
upper stratum of China Lake society, many enlisted personnel and lower-level
civilian workers saw life in the Indian Wells Valley as highly stratified. For those
with minority ethnic backgrounds, social life on the desert could resemble
a closed club they were ineligible to join. In an unusually overt example of
discrimination, a NOTS civil servant who was black encountered a “We Cater
to White Trade Only” sign when he went to lunch in 1952 with fellow workers
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ata Ridgecrest cafe just outside the China Lake main gate. After the civil servant
complained to the NOTS commander, the Ridgecrest Chamber of Commerce
prevailed on the offending merchant to remove the sign and apologize.
What stratification there was at China Lake was by type of job, not by race,
since housing assignments were made by military rank and civilian pay level.
Jim McLane, who arrived in June 1951 as a recent graduate of the University
of Wisconsin, later commented on that aspect of community life:
There was a class thing going on here because you had to be a certain rate in
order to get certain housing, and you had to be a certain rate to get into a
certain club . . . . That was the way things were, and nobody really worried
about it particularly. It was a community as a whole, and it didn’t really make
any difference who your neighbors were. You were good friends. You all had the
same problems. You still all tried to get the fence material from Public Works
and the sprinklers fixed, and you had air-conditioning problems the same, and
everybody had rental housing. You were all on an equal footing, and it made
for, 1 think, a lot of camaraderie on the base.?”

The proximity of housing to the workplace also fostered dedication to the
job—Dboth a blessing and a curse for the social fabric of the young community.
In looking back at their first weeks and months at China Lake, wives of station
employees frequently recalled that their husbands disappeared into the lab
almost immediately and that their lives revolved around their jobs. For the
wives, adjustment was sometimes difficult.

“We were all very intense in those days,” said John Boyle, who came to
NOTS from Minneapolis in 1951. Husbands worked a couple of days straight
if the job required it, and “marriages broke up there at China Lake, not only
because of the isolation and the horrible weather, but because of the fact that
the men gave everything to the job and some of the women weren’t about
to put up with it.” But Roseanne Boyle, the “darling Navy nurse” Boyle met
soon after he arrived on the desert, and other wives who tolerated the living
conditions and the demands of their husbands’ jobs soon appreciated the close-
knit lifestyle that made China Lake “a wonderful place to bring up kids.”?*

Taxpayers “gained a great bargain in unpaid work at China Lake,” Bernard
“Barney” Smith said. “Wives may have complained because their husbands
found it too easy to go back to the lab out in the desert after dinner but
invariably they shared the pride in their spouse’s accomplishments.” Even at
Parent-Teacher Association meetings, he recalled, wives would help lobby
their husbands’ supervisors for increased project funds. “Perhaps this way
of conducting business was the result of serving alcoholic beverages at the
meetings, something entirely unique to the China Lake PTA.”?
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Party in
Hugo
Meneghelli’s
back yard,
early 1950s.

Emory Ellis
(cigarette
in mouth)
is in the

background
and Levering
Smith is
seated

at right.

Most employees had been recruited as they were starting careers, and the
community was a young one. Tina Knemeyer remembered her four-year-old
daughter raptly observing a sea of gray heads at a church service in Glendale,
then asking why so many grandmothers were there. She had never seen that
many old people in one place before. “When I had my first scout troop, we had
to hunt for an old lady so that the kids knew what to take across the street,”
said Eleanor Lotee.”

In young China Lake, an easy camaraderie among Navy and civilian
families contributed much to community life. “We worked hard, we played
hard, we shopped together, we went to church together, and our whole lives
were just intertwined,” said Polly Nicol.”' Professional, fraternal, and hobby
organizations of an astonishing number and variety flourished, often in
clubhouses maintained by a command determined to provide amenities to
keep employees and their families happy. “When we got some new people and
they had a new idea, we just started a new club,” recalled LaV McLean, wife
of the station’s third technical director. “At one time, I remember about 200
clubs like the Gem and Mineral Club, the Rockhounds and square dancing
.. .. It only took a few members to start a club. And it was so easy for us
because we all lived so close.”™

Sports events were favorite community activities, with softball, baseball,
bowling, football, and boxing vying for the attention of the fans, who were
a determined lot. When 1,200 hardy souls turned out to witness an outdoor
professional wrestling exhibition, the show went on despite gale-force winds.”
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NOTS football team outside the station gymnasium, 1948.

Opening day of the Officers Club outdoor pool, 24 September 1950.

The community, led by LaV McLean, raised funds for the pool and constructed it with
donated materials and volunteer labor.
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The Navy messes—the military clubs—were the center of social life for
the entire community. The Commissioned Officers Mess, referred to as the “O
Club” or just “the Club,” had been going strong since 1945. In October 1948
the club officially became an open mess, allowing membership for civilian
employees in grades comparable to the ranks of the military members.

In a letter of support for the open mess, BuOrd Chief Noble commented,
“The success of the classified programs assigned this station depends in large
measure on ability to attract and hold civilian scientists of the best type. Equality
of privileges in an open mess would make such employment more attractive to
the civilians living on the station.” Good recreational facilities at China Lake
were advantageous for security considerations in that residents “will not desire
to leave that station to satisfy their gregariousness.”*

Rubbing shoulders at the O Club also helped turn military and civilian
teammates into friends.

Like the O Club, the Chief Petty Officers Mess offered dancing, drinking,
dining, and conviviality. The Chiefs Club had started in late 1945 in a couple
of Quonset huts at Harvey Field in Inyokern. As the station’s main activities
moved to China Lake, the chiefs obtained permission to move the huts to
a new location across the street from the China Lake fire station. Through
volunteer labor, after-hours use of NOTS equipment, and favors collected, the
chiefs were able to pour a large slab and begin modifying the huts to fit their
new location. According to Chief George Hucek, who had come to NOTS as
a member of the station’s first explosive-ordnance disposal team in 1944, the
chiefs made one big change:

[W]ed taken those old huts and instead of putting them up with a 20-foot
radius, we moved them out to 40, and the idea is when they come up here,

Ellis scrapbook, China Lake archives

“Cats” ready for a Halloween party at the Officers Club.

From left are Paul Longwell, Marion Ellis, two unidentified cats, Levering Smith, Ovita and
Fred Brown, Boots Smith, Liz Robinson, Edith Longwell, and Ken Robinson.
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we're going to put props across there and then tie them across the top, and that
would make it larger. The only thing is we outsmarted ourselves. The wind
came up and blew them all over into the swimming pool.

As the chiefs fished sheet metal out of the water, they decided to rethink
their construction plans. Somebody mentioned a pile of used lumber stashed
behind the O Club, and somebody else remembered seeing cartons of rock
wool stacked beside the base steam plant. The chiefs “liberated” these and other
materials to construct a building that opened with appropriate ceremony on
11 September 1948 as the first Chiefs Club in China Lake. The new clubhouse
was on the modest side, but it served its purpose.”
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In the station’s early days, slot machines drew gambling enthusiasts to both
clubs. In 1951, however, after an act of Congress prohibited slot machines
on federal premises, China Lake’s popular one-armed bandits were taken to
the dump, where a bulldozer smashed them beyond all possibility of repair.
Budget adjustments became necessary, since users of the machines had added
substantially to club coffers.*

As Noble hoped, on-station amenities did satisfy the gregariousness of
many, but remnants of the boisterous wartime days remained in the night life
of the area surrounding the station. The Goat Ranch on the outskirts of Lone
Pine, Big Bertha’s in Bishop, and the Desert Lodge (also known as “The Y”) on
the way to Trona were among the bordellos declared “Out of Bounds” for naval
personnel. Rumor had it that interested civilians found the “Out of Bounds”
memos useful advertisements for the forbidden establishments.”

China Lake archives

China Lakers at slot-machine-equipped Officers Club, circa 1948.

Among those seated at the bar are Dr. Pauline Rolf (second from left) and Paul S. Flahive
(center, in plaid shirt). Standing are (from left) Dr. John W. Odle, unidentified, Dr. Ivar E.
Highberg, and Maurice S. Clifton. At far right is George E. “Eddie” Barsell, original owner

of the photo, and just to his left is Rick Feinstein.
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Cultural Activities

The China Lake community also participated avidly in cultural activities,
with plays, concerts, and other public diversions invariably drawing large
audiences. In 1948 the NOTS Concert Series, operated by a committee of
the Navy-Civilian Recreation Council, was just in its second season—a
glorious one, featuring famed ballerina Mia Slavenska and her Ballet Variante,
the Vienna Boys Choir, the Pasadena Civic Orchestra, and internationally
renowned pianist Arthur Rubinstein.? Kenneth H. Robinson, an early force
behind the success of the series, was able to book this and subsequent seasons
through the West Coast booking agent for the Sol Hurok Organization.

When season tickets at $8 each went on sale in the station’s work areas,
the entertainment-hungry community snapped up all 1,200 tickets.”” Station
management smiled on the sale of concert tickets in the workplace, and
consequently, as Bruce Wertenberger recalled, he was able to use “a technique
that 'm sure would not be acceptable now” to achieve the status of star
salesman:

I'simply went to Personnel and asked for a list of all the JPs [junior professionals]

that had hired on the previous year. I thought that since they would be used

to going to concerts during their college days, that they might like to continue
that. Well, I sold quite a few.*

Front entrance of the Station Theater, July 1949.
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Rubinstein, a favorite of that second season, returned to great acclaim
in 1952, when the Rocketeer reported that he “reflected warm appreciation
of his audience’s unstinted applause, responding with generous encores.”
Artists performing in China Lake frequently expressed their amazement at
finding a well-equipped 1,300-seat auditorium in a remote, obscure location.
Yehudi Menubhin, for example, was pleasantly surprised to find that, contrary
to his original surmise, he would be playing his repertoire in an auditorium
for a large, knowledgeable audience rather than in a dinner recital for some
wealthy sheepherder.*!

Performances in the Station Theater differed from those in more
metropolitan areas in several respects, though. For one thing, the auditorium
had been designed for films and all-hands briefings, and the volunteers helping
set up for the concerts frequently had to use all their engineering ingenuity
to accommodate for nearly nonexistent stage wings and aprons. For another,
the uniformed ushers were the same sailors who normally patrolled the aisles
during movie showings. Lois Allan recalled:

P've forgotten what the concert was, but at any rate it was classical music.

Everybody was sitting there decorously and quietly, and these two sailors came

walking down the aisle, looking around at everybody, and came backstage at

intermission and said, ‘Well, Mr. Robinson, we’re glad to report there were no

disturbances out there tonight,’ and Ken said, ‘Son, I've got news for you. You
were the only disturbance.’*

Much of the concert series’ success could be attributed to the extraordinarily
high quality of the programs. But China Lakers also had a seemingly insatiable
appetite for less polished homegrown divertissements.

In celebration of the 1948 Christmas season, for example, WACOM and
the Navy-Civilian Recreation Council sponsored a play entitled “Why the
Chimes Rang,” presented to a capacity crowd in the Station Theater, enhanced
by scenery constructed and painted in Public Works shops, and including in
the cast the wives of both commanding officer and technical director.*?

Desert Stewardship

As the community flourished, China Lakers with a bent for the natural
sciences worked to preserve remnants of what the valley was like before the
Navy arrived. The station housed the China Lake Museum of Natural Science
in a prefabricated building tucked away in a corner of the old Burroughs
High School grounds. This modest one-room museum celebrated the desert’s
natural and cultural history year-round, with displays of birds’ eggs, mineral
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Pleistocene-era relics, and artifacts from former cultures of the Northern
Mojave Desert. The museum was established in 1947 as a place to display
a huge mammoth tusk, 9 feet long and more than 15,000 years old, that a
NOTS bulldozer uncovered near the southeast end of the China Lake playa.+
Darwin Tiemann, a station employee with a passionate interest in desert flora
and fauna, became the new museum’s first curator. At his urging, the China
Lake Natural Science Club was formed in November 1948 to support the
museum and “to extend its scope and make it a permanent cultural asset for
the community.”#

The little museum soon became a conservator of important prehistoric
relics. In 1947 local sportsmen Duane Mack, Paul Flahive, Jules “Buddy” Deffes,
Ed Barcell, L. Ely, and Sam Wyatt (all NOTS employees) had discovered an
ancient skeleton and a treasure-trove of hunting and gathering tools in a cave
near Little Lake, just outside the station’s western boundary. The men removed
the skeleton and several of the more remarkable artifacts to Armitage Field,
where the impromptu display reposed in a dusty glass bookcase until sometime
in 1948, when Mack asked Tiemann if the museum would like to have the
artifacts. Tiemann immediately recognized the significance of these remnants
of an ancient civilization. He turned them over to Mark R. Harrington, curator
of the Southwest Museum in Highland Park, California, who coincidentally
was in the midst of a significant archaeological exploration of an area that
encompassed the cave where the hunters had found the skeleton.

When the artifacts were still in the airfield bookcase, Willy Stahl, an
enthusiasticamateurarchaeologist from the Los Angeles area, had independently
discovered the cave site. At Harrington’s suggestion Stahl had been exploring
the lower end of Owens Valley on a quest for interesting archeological sites
within a day’s commute of Los Angeles. In March 1948 Harrington set up
camp at the mouth of the cave and began careful excavations of what he named
the Stahl Site. Over the next three years, Harrington and his staff, assisted by
Stahl and UCLA archaeology students, found several house sites and numerous
tools and obsidian arrowheads scattered nearby. Grass and bark implements,
as well as tree holes found in the hardpan beneath the remains, convinced
the investigators that members of the Pinto culture, an early Shoshonean
civilization, had lived there in a lush, forest-covered terrain between 3,000 and
4,000 years earlier.%

Other early monuments to man’s presence on the desert were the hundreds
of petroglyphs, the largest concentrated collection of rock art in North America,
pecked and chipped into the basalt walls of Petroglyph and Renegade Canyons
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Courtesy Ridgecrest Chamber of Commerce

Ancient rock art at Little Petroglyph Canyon.

(now called Big and Little Petroglyph Canyons) and other canyons in the
remote Coso Range within the confines of NOTS. During the station’s early
years, few people were able to see these excellent examples of aboriginal art
because the Navy required special arrangements for weekend permits to avoid
interfering with firing schedules. With the 1948 formation of the China Lake
Natural Science Club, the logistics of public access became somewhat easier,
since the club could arrange for permits and coordinate occasional group visits
to the area.’

In addition to exercising responsible stewardship over the remnants of
earlier civilizations, station commanders had a responsibility to safeguard the
flora and fauna in China Lake’s vast backyard. The NOTS conservation program
officially began in the fall of 1956, but more limited conservation efforts began
much earlier.®® In 1953 NOTS closed its ranges to hunting, and station officials
began cooperating with the California Fish and Game Department to manage
the population of chukars, small, docile wildfowl imported from India and
planted in the Indian Wells Valley area by California wildlife officials in 1933.
Chukars had adapted so well to the Mojave Desert that they experienced a
survival rate of nearly 100 percent. State game wardens entered the ranges
annually to trap the birds—about 450 each year between 1953 and 1956—and
transport them to nearby hunting areas for the benefit of local sportsmen.®
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Complicating the station’s desert stewardship was the need to deal with
conditions predating the Navy’s arrival on the desert. Canny feral burros,
for example, were descendants of hardy pack animals brought west with the
missionaries and later used by prospectors. The Navy’s worst problems with
herds of burros were still in the future, but conservationists were already
concerned that these inquisitive, intelligent animals were encroaching on the
hardscrabble existence of other desert wildlife.*

Herds of wild horses also flourished on NOTS ranges. After the end of
World War II and on into the early 1950s, miners who had vacated their claims
when the Navy came to the Indian Wells Valley petitioned authorities in the
Navy, the State of California, and Congress for the return of free-roaming
horses that the miners claimed as their property. The NOTS Legal Office set
up procedures protected Navy land holdings from inappropriate entry but still
allowed legitimate owners to enter the ranges and remove their animals.”!

The seasonal availability of pasturage and water also made the desert a
desirable place for ranchers from Kern River and Owens Valleys to turn their
cattle loose during the winter. Huge herds of up to 5,000 cattle that had run in
the Mountain Springs Canyon area during the early 1900s no longer existed,
but leases administered through the Bureau of Land Management still allowed
cattle to roam over nearly 40 percent of the station’s land holdings, much of

U.S. Navy photo LHL 202349, courtesy John Di Pol

Wild horses running across a slope, China Lake north range.
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Technology

Sailors installing a danger sign, a mile south of Seeburg Wells, Mojave B Range,
September 1949.

this acreage in the southwest part of Mojave B Aerial Gunnery Range.>? Mojave
B, encompassing more than 300,000 acres of remote desert south of Death
Valley, had been withdrawn for Navy use by agreement with the Department
of the Interior in 1942. The Navy took over active administration of the range
in 1947. Several thousand acres within Mojave B, however, were leased from
private owners. Officials at NOTS responded by granting scheduled visits for
“salting, maintenance and round-ups.”

The station asked the affected ranchers to waive damage claims “provided
such damage is not willfully inflicted.” In return, Navy test pilots using Mojave
B Range were instructed to keep as much as possible to the uninhabited north
and central portions of the range. When a scheduled test might affect the range
areas, a pilot flew over and dropped two red smoke flares, one the day before
the test and one just as the test was about to begin. In addition, pilots were
encouraged to use “mild ‘buzzing’ tactics” to attract attention to the flares.*
These procedures were workable enough when the range was used infrequently,
but by 1948 an active gunnery training program made safety measures difficult.
As grazing leases expired, they were not renewed.

Several grazing permits still existed on both of the station’s range complexes,
however. Range guard Sewell “Pop” Lofinck kept an eye on herds not otherwise
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of volcanic activity in the rugged Coso Range. When the Navy arrived on the
desert, Ball persuaded the spa’s other residents to sell their houses as a patriotic
duty. The station gave him the range-guard job partly in gratitude, partly to
take advantage of his familiarity with the area, and perhaps partly to allow him
to stay near the hot mud and medicinal water that he swore had brought him
back to health after an accident years earlier. The healing water must have done
the job; he reached the age of 101 before he died.

With or without an assistant, though, Lofinck had a big job. This 20th-
century range rider developed a variety of tactics that allowed him to find
interlopers in an area dotted with nearly 200 mines, as well as coyotes, wild
horses, burros, and occasional herds of cattle. “Patrolling a wilderness area half
the size of Rhode Island isn’t as difficult as it might seem,” he said, adding that
he would sweep off existing tracks by dragging brush across the road at strategic
points, then check later for fresh tracks. He also frequented high vantage points,
scanning the desert through binoculars for telltale clouds of dust.

Lofinck was a voluble talker about desert lore, but reticent about his
own vital statistics. He let slip at one time or another that he had been born
in Manhattan, Kansas,
toward the end of the 19th
century and that he had
job experience as a surveyor,
examiner of mineral claims,
real estate broker, aviation
mechanic, and prospector.

He came to the Indian
Wells Valley to work a claim
during the Great Depression
and joined the NOTS work
force in 1944 as the airfield
motor-pool coordinator.
He also worked briefly as a
rocket materials inspector
before he began his range-
patrolling duties, which he
described enthusiastically
as “the most enjoyable job
I ever had—and I got paid
for it!™* Range guard Sewell “Pop” Lofinck.
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His Junction Ranch headquarters had served as a way station in the 1870s
and ’80s for silver-bullion-laden wagons traveling through Renegade Canyon,
then had housed a cattleman grazing his cattle on nearby rangelands. Junction
Ranch was about 30 miles north of the China Lake community as the crow
flies and about 40 miles by the road directly up Mountain Springs Canyon, but
more like 110 miles by the circuitous highway route visitors had to take.

Lofinck lived on the ranch in a 50-year-old frame cabin, huddling by
the stove for warmth on chilly winter nights. Early attempts to keep a field
telephone working were foiled by the sharp hooves of the ubiquitous burros,
whose curiosity motivated them to claw up the phone wires strung along the
ground. Consequently, his only communication with the outside world was
a radio transmitter. In 1950 the Public Works Department built a new five-
room house and garage next door to the old ranch house, and Lofinck’s living
conditions became less Spartan.

It took a lot to drive him away from the desert he loved. When a heavy
rainfall for the Indian Wells Valley in 1952 became 14 inches of snow at the
higher elevation of Junction Ranch, he finally sought refuge in the China Lake
housing area. But he left his home on the range only when water pipes at the
ranch froze and the electric generator refused to work.*

He took justifiable pride in being “the Law of Wild Horse Mesa.” But his
role in China Lake’s history was much richer than that. His abiding interest in
the station’s history and natural setting involved him in the NOTS Rockhounds
and other community activities that furthered knowledge of the desert. He
was also an active participant in the Navy’s organized conservation efforts. His
freely shared wisdom on travel in the desert undoubtedly saved lives, and his
love of the desert rubbed off on those who had the privilege of traveling the
dusty back roads of NOTS with him as their guide.®

Desert Mavericks

Life on the desert, then, had its rigors, but it also offered many riches—the
opportunity to shape a community from the ground up, closeness to both work
and the great outdoors, and most importantly the opportunity to work far
from the restrictions that an overly watchful bureaucracy could have imposed.
With the creators of the station’s products and the users of those products
living together as friends and neighbors, high morale and productivity were
the results.
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Pasadena Annex

At the close of World War II, when Caltech transferred its wartime rocket
Jacilities and employees to the Navy, several facilities in the Pasadena area were
part of the package. In 1948 the station took over direct operation of these facilities,
gaining approximately 400 new employees in the process.

The work of the NOTS Pasadena Annex differed in significant ways from
that of China Lake. While employees on the desert focused on aerial weaponry,
those in Pasadena worked on undersea products and concepts, including design
of torpedo components and research in water-entry ballistics and underwater
propulsion. Although the work styles of Pasadena and China Lake were as disparate
as their products, the two organizations generally blended well. The two sites shared
a heritage from the World War II military-scientific partnership, and a spirit of
cooperation and mutual trust existed among their leaders.

Welcome to Pasadena Employees

On 1 July 1948, with the end of a large three-year contract with General
Tire and Rubber Company (GT&R), NOTS gained one of the largest groups
of employees ever to enter station rolls in a single day. In a mass personnel action
at an improvised outdoor arena adjacent to the Foothill Plant, 430 former
GT&R employees stood to be sworn into Civil Service, thereby instantly
doubling the number of NOTS employees in Pasadena.'

This influx of new annex employees was a planned step in a post-World
War II effort by the California Institute of Technology to get out of the weapon-
development business. In 1945 several facilities in the Pasadena vicinity,
previously operated as part of Caltech’s wartime rocket and torpedo work,
had been transferred to NOTS to become the Pasadena Annex. The idea was
that Caltech employees who wished to continue their wartime affiliation with
the U.S. government would simply keep on working for NOTS and that the
Pasadena site would thus make a smooth transition to the station’s control. At
war’s end, though, when many Caltech people returned to academia, BuOrd
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Green Street offices, Pasadena Annex.

realized that NOTS was not adequately staffed and equipped to handle the
entire transfer package at once. As a result, the bureau accommodated a more
gradual transfer by hiring GT&R to operate the facilities in Pasadena. Over the
ensuing three years, while GT&R performed the administrative and technical
services needed to keep the Pasadena operation working smoothly, NOTS
gained the management depth it needed to assume the entire burden.?

Station leaders saw a small liaison and procurement unit in the metropolitan
area as useful, but initial thinking had been to maintain a large Pasadena
operation only until China Lake was adequately equipped and staffed. But
the utility of a good-sized Pasadena Annex soon become evident. Pasadena
could provide immediate access to industrial centers, and it offered specialized
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facilities and proximity to ocean operating areas. The Pasadena facilities were
spread out among several sites on Green Street, on Foothill Boulevard, in Eaton
Canyon, and at nearby Morris Dam.

Headquarters, shops, and offices were at 1030 and 1070 East Green
Street, a block south of Colorado Boulevard. Conveniently for NOTS, the
Pasadena branch of the Office of Naval Research, responsible for coordinating
all patents and Navy cases for the Eleventh Naval District, was also housed
at Green Street.

Foothill Plant at 3202 E. Foothill Boulevard encompassed a series of
warehouses, office spaces, laboratories, and machine shops so extensive that
they doubled the station’s shop capacity. A light-metals foundry gave the station
the ability to produce aluminum and magnesium castings on development
and pilot-production scales. A chemistry laboratory was used for work on
torpedo fuels. A model laboratory allowed laboratory-scale work in water-entry
phenomena and underwater ballistics. Construction of the newest Foothill
facility, the Hydrodynamic Simulator, was finished just a month before GT&R
turned the annex over to NOTS. Pasadena scientists used the simulator to
subject full-scale torpedoes to conditions simulating those encountered in sea
runs.

As the first computers became available, the annex acquired a Reeves
Electronic Analog Computer (REAC) to collect data that would allow analysis

U.S. Navy photo LHL-P 1533 courtesy Jim Campbell

Foothill Plant, 13 April 1951.
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TS 59-200, Facilities Review, courtesy Howard Auld

Hydrodynamic Simulator for torpedo environmental testing.

of torpedo characteristics and guidance and control problems. Used in tandem
with the Hydrodynamic Simulator, the new computer allowed Pasadena
scientists to estimate the hydrodynamic effects of deviation, pitch, depth, and
roll with new sophistication.? Former Caltech assets included rocket-firing and
explosive-research facilities at Eaton Canyon, the first site of the university’s
wartime pilot plant, in the foothills of the San Gabriel Mountains.

Morris Dam was a convenient 20 miles east of Pasadena in the Sierra Madre
Mountains. Here the waters of the San Gabriel River formed an eight-mile-long
lake, leased by the Navy from the Metropolitan Water District of Southern
California. The City of Pasadena owned the dam that made the lake deep
enough to accommodate the station’s water-entry and underwater-trajectory
studies. Morris Dam was home to an underwater cableway and instrumented
facilities used to help test the strong, streamlined projectile shapes necessary for
water entry and underwater operation. The Fixed-Angle Launcher allowed full-
scale torpedoes to be launched under controlled conditions, and the steeply
rising mountains surrounding the lake provided excellent camera sites.

Pasadena employees found these facilities useful for testing water entry of
torpedoes, depth bombs, and components, as well as for experimenting with
new chemical fuels, high-energy batteries, prime movers, and thrust-producing
mechanisms. “Controlled experimentation was what we did there,” said one
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more.* A more subtle separation occurred through differences in lifestyles. For
China Lakers tolerating the harshness and isolation of their physical setting was a
matter of esprit de corps. The close desert community of scientists and engineers,
whose vocations were also their avocations, enjoyed a virtually seamless blend
of work time and leisure hours. “People could and did communicate with each
other all day, through the cocktail hour, and for as long as the parties lasted at
night,” said Dr. William B. McLean. “The isolation in a location where the job
could be performed provided large measures of the intimate communication
which is so essential for getting any major job completed.” Most Pasadena
employees were also dedicated to their careers, but the Pasadena Annex was
an enjoyable place to work—not a way of life. Neighbors were not often co-
workers, and the ready-made leisure-time pursuits of the metropolitan area
diminished enthusiasm for after-hours employee get-togethers.

Annex employees would have to adjust, too, to a more direct relationship
with the Navy. According to Pasadena old-timers, Akron-based GT&R was a
good company, forcefully managed by Trevor Gardner, vice president in charge
of California operations. Gardner’s ties with NOTS and Caltech later served
the station well when as Air Force Special Assistant for R&D he played an
important role in Air Force acceptance of the Sidewinder missile. But in the
early days of the contract, Gardner sometimes gave Caltech employees waiting
to transfer to civil service the impression that “he thought that the Navy was
working for General Tire and Rubber.”*°

James H. “Jim” Jennison, who entered civil service in October 1945 as
chief engineer for the VAL, spoke for many of his peers at Pasadena when he
observed:

Many of us recognized that there were some benefits to being attached to the
larger Center at China Lake but there were also many restrictions that we did
not like. We felt that the people at China Lake didn’t understand our problems,
our needs, and I guess this was true at times. We often thought that their
viewpoint, their attitude was that they shouldn’t let us be too successful or we
might secede from the union, and we had thoughts of doing that.

Jennison and others also realized, however, that on balance the benefits
of being part of a larger organization led by individuals who could provide
strong advocacy in Washington generally outweighed the drawback of having
to operate under China Lake’s managerial control."

New Organizational Arrangements

Thompson and Switzer were eager to foster ties between Pasadena and
China Lake, but they also knew that the most practical way to run the Pasadena
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site was to allow it as much autonomy as possible. Principles of operation for
the Pasadena Annex, added to the Station’s operating principles in February
1948, spelled out the organizational arrangements. The officer-in-charge (O-
in-C) of the annex was designated the NOTS commanding officer’s official
representative in the Pasadena area and given responsibility for “the separate
units of the Pasadena Annex as necessary to insure adequately integrated
relationships among these units and with U.S.N.O.T.S.” The Pasadena O-in-
C also had responsibility for annex administrative activities, to be conducted
through the military chain of command.?

When Pasadena employees joined NOTS, the O-in-C was Commander
H. D. “Dale” Hilton, an experienced aviator who received his wings in 1937.
During the early part of World War II, Hilton served in Air Group 6 aboard
USS Enterprise (CV-6). After his aircraft was shot down by antiaircraft fire
at Minami Torshima, he spent the rest of the war in a Japanese internment
camp. His job at NOTS soon expanded to encompass responsibility for the
civilians transferring to civil service from GT&R, and he began making weekly
trips to the desert to confer with Switzer about the more frequent personnel-
management problems that came with his new civilian contingent.”

In July 1948 Hilton left Pasadena for duty in Patrol Squadron Twenty,
and Commander (later Captain) William A. “Red” Hasler moved up a
notch from Deputy O-in-C to assume command at the annex. An Academy
graduate, Hasler had a highly suitable background, including wartime service
as a gunnery officer and ordnance training from the Massachusetts Institute of
Technology. The good-natured officer was popular from the first with civilians,
who remembered him as “like a civilian at heart.”*

Just as for China Lake, responsibility for assignment of tasks “to the several
technical activities in the Pasadena Area” rested with the technical director and
the Research Board. The principles also contained provisions for a technical
coordinator, a civilian leader who would serve as the technical director’s
Pasadena representative. On paper the technical coordinator exercised no
administrative authority over annex technical work except as delegated by the
technical director. In reality the coordinator often operated autonomously.

William H. Saylor, a Caltech graduate in engineering who had been a
NOTS employee since 1945, had served capably at Pasadena from 1945-
1947 as technical coordinator for NOTS and head of the Underwater
Ordnance Section. When Saylor moved at Thompson’s instigation to a de-
velopmental assignment as assistant head of the Experimental Operations
Department at China Lake, John L. Cox, another Caltech alumnus hired
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to become a separate organization from the Inyokern Station.” The Research
Board reached a consensus that it “did not believe that this action was to the best
interest of the Station.””” Hilton argued vigorously that all service operations
at the annex should stay under O-in-C authority. Experimental officer Hean,
who agreed with the majority, was eventually able to talk Hilton into going
along with the decision.'

A decision to assign much of the station’s production engineering
activity to the Foothill Plant was swayed by BuOrd production authorities,
who expressed preference for the Pasadena location under the rationale that
NOTS employees located near the industrial firms doing the work were likely
to be more “production-conscious” than were the more isolated engineers on
the desert."”

Thompson and the Research Board concurred, but one key civilian
leader was becoming increasingly uncomfortable with the important role
the station’s military leaders had in making those decisions. Dr. James H.
Wayland, head of the Underwater Ordnance Division since January 1948, was
a Caltech iconoclast, world-renowned in the field of underwater ballistics. He
believed fervently in civilian management of R&D and was not hesitant about
expressing his opinion that the military had entirely too much say in the day-
to-day operations of NOTS.2

Despite Thompson’s plea for understanding, Wayland turned in his
resignation to return to Caltech as an associate professor in applied mathematics.
Thompson asked Saylor to go back to Pasadena to fill this key civilian job, with
Jennison his chief lieutenant.?' The division became a department in 1949,
with Saylor remaining UOD head until July 1950, when he became NOTS
associate director for engineering,

Although Thompson had tried mightily to keep Wayland at NOTS, China
Lake and Pasadena management relationships appear to have eased with the
brilliant academician’s return to his natural environment. Thompson and
Saylor worked so well together, Jennison remembered, that their interactions
had an almost mechanical smoothness. The slim, bespectacled Saylor not only
served as the main link between the annex and China Lake, but also traveled
frequently to Washington where he excelled at obtaining funding for Pasadena’s
underwater programs.

“Really, the day-to-day operations were under my jurisdiction, and he took
care of the outside contacts and the political problems,” Jennison said, recalling
that Saylor “really did a lot to keep the organization on top of the problems
that arose.””
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Work at the Annex

True to the terms of the GT&R contract, most of Pasadena’s postwar
work focused on identifying what needed to be done to improve the Navy’s
lightweight torpedoes and on providing the facilities and theoretical base
necessary to make those improvements. The early postwar emphasis was on
basic research on the characteristics of the ocean medium as well as on torpedo
components, with studies in ballistics, structures, controls, and propulsion
systems resulting in important improvements in torpedo technology. Pasadena
employees created new head shapes, fabrication methods, and propulsion
fuels (including an innovative mixture of molten lithium and free seawater).
Of particular note were two torpedo propulsion systems—a pumpjet and a
hydroturbojet—used in the Mk 40 and Mk 41 torpedoes. Evaluation and
troubleshooting on complete torpedoes also went on, notably on the Mk 32,
an active-homing torpedo for use against deep-running submarines and the
Mk 42, a deep-depth torpedo designed to be surface launched.

After the Pasadena Annex officially became part of NOTS, the main
emphasis of annex work shifted from water-entry ballistics to studies of the
behavior of weapons traveling through the air and into the water. Pasadena
workers looked at nose shapes, control systems, and torpedo structures and
accomplished pioneering work on cast aluminum bodies for torpedoes.

Saylor reported to the NOTS Advisory Board in August 1949 that UOD
had the potential to revolutionize underwater ordnance, but not “the available
manpower to undertake a complete development program such as would be
required, without severely curtailing the basic research work which has just
proved itself so invaluable.” The board agreed that a more hardware-oriented
approach was necessary.?

UOD employees often worked on teams with engineers from industry or
other laboratories. For example, when the propulsion unit developed by General
Electric Company for the Mk 41 torpedo was too noisy, BuOrd established a
task with NOTS Pasadena for a quieter axial-flow pump system. Westinghouse
also needed a similar system for its Mk 37 torpedo, and the Pasadena Annex
obliged with a new pump system and simulator tests on the control system.*

The Design and Production Department, established in 1949, worked
to ensure that preliminary designs for rockets, torpedoes, and guided missiles
were adaptable to manufacture. Employees in the experimental machine shops,
pattern shops, and foundry at the Foothill Plant devised simplified methods of
manufacture to save time and money, a type of work that was also becoming
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for China Lake in the arrangement, since NOTS researchers in Pasadena could
serve as communication links between their peers on the desert and Caltech
and other important technical organizations in the Los Angeles area, as well as
with the West Coast branch office of ONR.”

While an Applied Science Division at China Lake pursued research in
aerophysics, optics, metallurgy, and mechanics, the Pasadena research staff
worked on investigations of underwater phenomena, shaped-charge design,
blast and shock wave theory, ballistics of ultra-high-speed particles, development
of specialized underwater devices, initiation and detonation of explosives,
spectroscopy research, and research on the physics of the upper atmosphere.
Although much of this work involved areas of direct interest to China Lake
projects, a tight housing situation at China Lake was a good argument to leave
the organization in Pasadena.”

Then came an October 1949 reduction-in-force (RIF), part of a larger
cutback, described by Rear Admiral Wilder D. Baker, Commandant
Eleventh Naval District, as “a swing of the pendulum,” with an eastward
swing sending ships and activities back to the East Coast that had been
brought west in the 1920s.2

The NOTS Administrative Board debated the pros and cons of several
RIF alternatives, including two that would close the Green Street building and
move more of the Pasadena work to China Lake. Switzer, mere days away from
relinquishing station command, agreed to follow the alternative most board
members favored, an option that would cut primarily nontechnical positions
at both Pasadena and China Lake. Two weeks later, however, Commander
Jack Monroe, NOTS experimental officer, returned from a BuOrd planning
conference to report that Bureau Chief Noble had approved the station’s RIF
plan, but had also directed that Green Street be “closed at our convenience.”*

The guidance from Noble changed matters considerably, and subsequent
RIF plans took into account the goal of vacating the offices and shops at Green
Street. Once dust from the RIF had settled, positions at China Lake were virtu-
ally intact and 200 employees at Pasadena had moved into new jobs. Although
only one employee ended up walking out the door, the wholesale displacement
broke up well-established work teams at Pasadena, many of them in place since
the Caltech days.*

Thompson reluctantly agreed that moving the research group to China
Lake made sense in light of the need to vacate the Green Street building. On 1
September 1950, the Physics Division, headed by Dr. Fred T. Rogers, Jr., was
established at China Lake, with affected employees in the Pasadena organiza-
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tion offered transfers to the desert.”? Rogers, who had come to the desert just
the year before as a consultant on the Research Department staff, traded places
with Dr. Roger S. Estey, with the Applied Science Division folded into the
newly enlarged Physics Division and Estey becoming Research Department
consultant. A few members of the Pasadena group, including the division head,
Dr. W. M. Cady, opted to leave NOTS for other employment in the Pasadena
area. Members of the Physics Division working primarily in underwater re-
search transferred to UOD.

The organizational shake-up occurred with less bitterness than might be
expected, according to Jim Campbell, one of the group remaining in Pasadena.
Campbell said that he and many of the other affected employees thought the
organizational move probably made good sense, since many Physics Division
projects “had nothing to do with underwater ordnance.”

Annex Contributions

As mid-century approached, then, annex employees continued to make
important contributions to materials research and underwater technology even
as they adjusted to the organizational changes that came with closer ties to the
mavericks on the desert. Creativity at the Pasadena Annex resulted in innovative
facilities, new concepts in lightweight torpedoes, and new materials, notably
protective coatings for aluminum to make it a suitable material for torpedo
components. “I think our contributions really were significant in laying the
groundwork for developments of later years,” Jennison concluded.*
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China Lake’s First Missiles

The perception in Washington that NOTS China Lake should remain a
rocket station made life difficult for NOTS and its supporters in BuOrd as the
station entered the crowded guided-missile development field. Further complicating
matters were political roadblocks erected largely as a result of disputes about roles
and missions. These cognizance quarrels occurred among the three military services
and between BuAer, which relied on industry to fulfill its specifications, and BuOrd,
which preferred the full-spectrum productivity of its in-house laboratories. Station
involvement in the fray often illustrated that military-civilian teamwork and a
proactive approach can succeed spectacularly when support exists further up the
management chain.

Station leaders had a tangible reason for needing the obstacles removed. Afier
cancellation in 1949 of China Lakes first, short-lived, missile-development project,
Dr. William B. McLean obtained in-house funding to begin testing his concept of a
“heat homing rocket,” an idea destined to become the Sidewinder missile.

Bill McLean—A Guiding Spirit at NOTS

Throughout his life, Bill McLean had a brook-no-obstacles, just-get-it-
done attitude that those who worked with and for him at NOTS later referred
to as “the China Lake way.” Born in Portland, Oregon, in 1914, McLean was
the oldest of three boys and the son of strong-minded, accomplished parents
who exposed their children to a solid work ethic and continuing opportunities
to stretch their minds. His mother, Clara Blohm McLean, taught her gifted
son how to sew, a skill McLean gladly added to more traditional mechanical
aptitudes. His father, Rev. Robert N. McLean, was a second-generation
Presbyterian minister, an affable, articulate, and religious man who passed his
own skills with tools along to his three sons.

From an early age Bill McLean knew how to build and fix just about
anything. Gifts in the family were frequently tools, which he used to create
electric motors and photographic equipment. He was adept at making do with
the materials at hand, constructing, for example, a canoe from canvas and parts
of an old touring-car top. He later concluded that his insistence on designing
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California at Santa Barbara), where she majored in education. She became
campus representative for the First Presbyterian Church of Santa Barbara
under the direction of Reverend McLean. She soon met the pastor’s shy,
brilliant son, and the young people began a courtship that encompassed
perching on the parsonage roof looking at stars with a telescope Bill McLean
had made and surfing at Henry’s Beach with big muslin surfboards he had
designed and fabricated.*

Then in 1939 Clara McLean died suddenly and unexpectedly.’ LaV had
moved into the McLean household to help care for the two younger boys, and
she recalled that after their mother’s death, Reverend McLean suggested, “I
think, Bill, youd better marry LaV if you want to stay in the house.” Bill and
LaV McLean married that year, just two weeks after he received his Ph.D. The
elder McLean then insisted that the young couple strike out on their own. Bill
McLean accepted a job as a research associate with Dr. Alexander Ellett at the
University of lowa.

In Iowa City work with Ellett on nuclear reaction products gave McLean
the intellectual stimulation he needed and the sort of practical challenge
he loved, since he also had to design, construct, and modify the electronic
equipment needed for his research. Then Ellett was called to Washington as
part of the pre-World War II mobilization of science. McLean took over Ellett’s
classes and soon made a useful career discovery. “It was a good way that he
learned that he wanted to do the research, but he just didn’t like the teaching
at all,” LaV remembered.¢

Meanwhile Ellett went to the National Bureau of Standards (NBS),
where he became head of Division 4 of the Office of Scientific Research and
Development. In summer 1941 Ellett invited McLean to join him at NBS,
and the young McLeans happily set up housekeeping in an old house in
Washington, D.C. Bill McLean immediately became engrossed in his work;
LaV was busy taking care of babies and fostering a work-hard-play-hard lifestyle
that foreshadowed the China Lake experience.”

McLean’s first assignment at NBS was on a significant advance in mili-
tary technology, the radio proximity (VT) fuze.® He later called this experi-
ence “the most valuable training which I have ever received.” Throughout the
rest of his career he applied lessons he learned on this project about designing
for simplicity, producibility, and reliability.” His group of assistants grew into
a section of about 40 people, and he became the head of the Ordnance Divi-
sion’s Mechanical Design Section. In 1943 he began work on a gyro-control
system for the pioneering Bat missile. The plywood radar-guided Bat was
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He stayed on the NBS payroll until the following December, but China Lake
had become home.

Missile by Committee

By the time McLean became a NOTS employee, he was already working
on a mental picture of a weapon that would involve the Navy’s remote desert
lab in an extraordinary struggle. The question of which of the military services
should be in charge of guided-missile programs was an aspect of a continuing
quarrel that intensified when the airplane became a weapon platform. Naval
aviators frequently trace the beginnings of this dispute to 1925 when the
Army Air Service group headed by General William A. “Billy” Mitchell sought
to take over control of all air forces.'” The argument grew more heated after
World War II, with the Air Force taking the position that strategic air power
(long-range land-based Air Force bombers carrying atomic weapons) should be
America’s primary military capability. The Navy countered that carrier-based
aircraft could accomplish the strategic bombing mission at least as well. Since
guided missile programs were in their infancy at war’s end, missile cognizance
was not a significant concern at first. However, as missile programs grew so did
the controversy.

During the postwar era, a series of U.S. missile-development programs
began building on the advances of the German V-2 rocket. The new weapons
were complex and expensive. Their capabilities could not be categorized under
clear-cut service roles and missions. All U.S. missiles were ostensibly planned
and coordinated within a National Guided Missiles Program, an organization
that looked effective on paper. In reality, however, little role clarity existed
among the various groups pursuing the more than a hundred U.S. missile
projects started between 1945 and 1953.'¢ Both the Truman and the Eisenhower
administrations attempted to lessen conflict between the services and cut back
on duplication by imposing additional coordinating authority over weapon
programs. In an early effort of this type, the secretaries of War and the Navy
established the Joint Research and Development Board (JRDB) in 1946 to
coordinate all R&D activities of common interest to the services.

The JRDB was a small group, with two appointees from the War
Department (the Army and the Army Air Forces) and two from the Navy. Dr.
Vannevar Bush, the forceful, effective leader of the wartime Office of Scientific
Research and Development (OSRD), chaired this new board. A series of
committees and panels (including one on guided missiles) gave experts in the
various scientific fields a systematic way to voice their opinions to the parent
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board. However, Bush soon discovered that, without budgetary authority, the
JRDB had little real power."”

In a sweeping attempt to deal with interservice rivalries, the National
Security Act of 1947 set up a National Military Establishment that
encompassed all the military services; created a Secretary of Defense position
with coordinating authority over the entire establishment; created the National
Security Council; formalized the Joint Chiefs of Staff (JCS); and established
the Air Force as a separate service. The act also replaced the JRDB with a
more powerful Research and Development Board (RDB). The act and an
implementing executive order by President Truman attempted to resolve
cognizance disputes by assigning defense responsibilities among the three
services roughly according to the maxim that “Armies walk, navies sail, and
air forces fly.” But new weapons under development since World War II could
not be so conveniently compartmentalized, and James V. Forrestal, the nation’s
first Secretary of Defense, soon found himself a helpless pawn in a mighty
struggle over cognizance—the dispute about which roles and missions each
service should pursue.'®

At first Forrestal hoped he could use provisions of the act and its enabling
executive order to mediate among the services. The act stipulated that the
secretary would serve as the principal advisor to the President in all matters
of national security and would have responsibility for exercising “general
direction and control.” To these authorities was added a slightly more specific
responsibility for R&D. The secretary was to take “appropriate steps” to
eliminate “unnecessary duplication in research.” With little real authority
to enforce these vague responsibilities, Forrestal was bitterly disappointed
to discover that rather than ending cognizance disputes, the reorganization
became a catalyst for intensified debate."

The new RDB, organized on 30 September 1947, had powers broader
than those of its predecessor. The RDB was empowered to consider all military
R&D matters and to advise the JCS on the interaction of research with national
strategy. Again Vannevar Bush was the chairman and again the membership
consisted of two representatives from each service. The RDB’s fundamental
objective, as stated in its charter, was coordination and integration of “the efforts
of the Military Departments in secking through research and development the
best possible weapons and supporting systems for the armed forces of the United
States, subject to limitations imposed by the availability of resources.” R&D
coordination would be accomplished through an overall plan, an important
aspect of which would be elimination of undesirable duplication.®
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Recommendations in specific technical areas came from some 15 specialized
committees, with the committees in turn advised by a proliferating number of
panels and subpanels. Members of these groups served part-time and came
from the three services and the nation’s academic and industrial communities.
The peak of RDB activity involved more than 1,000 people, a number that
grew from the board’s attempts to authorize and coordinate programs at the
project level. Students of RDB processes later pointed out that the committee
and board experience gave many of the country’s most illustrious scientists
and engineering managers a valuable education in national security matters.
However, the RDB had neither funding authority (reserved to Congress)
nor power to direct or control the services’ internal administration of their
programs. Moreover, the board’s recommendations were reached tortuously
and often fit poorly into the overall plan.?

Despite these limitations, the involved organizations considered support
from the RDB to be important, primarily because of the powerful connections
of its individual members. The board also gave annual recommendations to the
OSD comptroller for his use in marking up the defense budget. Furthermore,
the board’s insistence on formal reporting at the project level had a significant
impact on the planning system of the Office of the Chief of Naval Operations.
It was no coincidence that OPNAV’s 15 planning objectives, broad statements
of scientific or operational problems to be met by new equipment or scientific
knowledge, conformed to 15 RDB “program categories.”?

One of the first committees the RDB established (in late 1947) was a
Committee on Guided Missiles (GMC). Bush was determined that the
guided-missile development effort would be “a single coordinated program for
all services without duplication or R&D gaps.”” He had a challenge ahead of
him, since the Air Force, the Army, the Navy Bureau of Aeronautics, and the
Navy Bureau of Ordnance were all pursuing separate missile programs. Again,
because of parochial interests among the GMC members, the committee
did not tackle difficult policy decisions, but concentrated on reviewing the
technical aspects of individual missile programs. And, as with the RDB, the
services sometimes disregarded committee recommendations.?

From the NOTS perspective, the GMC and other RDB committees
acted on the basis of information that was too general to allow for informed
decisions. Station leaders also worried that the decisions suffered from an
underrepresentation of members who understood the value of an in-house
R&D effort.® The insider’s view of RDB problems was well-expressed by Dr.
Lawrence R. Hafstad in a 1949 talk to NOTS employees:
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The Research and Development Board is supposed to supervise, or scrutinize,
all of the activities of the three departments and try as best it can to make sure
that the really important urgent projects are well supported. . . . RDB collected
all of the projects which were going on in the Military Establishment and
turned up, when I was there, something like 18,000 different projects, and all
of these projects—as near as we could tell from where we sat—were triple A-1
priority. . . . Now this is the difficulty of looking at this over-all national project
from the topside. You people see it from the bottom side . . . and wonder why
your projects can't be supported more effectively or more generously.?®

NOTS would become all too familiar over the next few years with
“topside” efforts to identify and eliminate what bureaucrats saw as undesirably
duplicative programs—beginning with the station’s first attempt to enter the
guided-missile development business.

“That Isn’t Your Job”

Nobody argued with the fact that China Lake’s vast test ranges and clear
desert air made NOTS a desirable site for testing guided missiles. The question
of whether the station should design and develop its own missiles, however, was
more controversial. As Thompson commented later, a “considerable element”
within RDB “definitely felt for a period that there was something out of order
in the station giving so much attention to development work. . . . thatisn’t your
job and why don’t you do your own job.”” China Lakers yearned to apply their
rocketeering expertise to the promising guided-missile field. In 1946 the station
had proposed development of its first air-to-air guided missile, unglamorously
titled “NOTS AM” (for air missile), “NOTS Interim Missile,” or “Inyokern
Air-to-Air Missile.” BuOrd had given lukewarm authorization in March 1947
for a modest program without specific funding.?® The station’s Experimental
Operations Department subsequently formulated plans for evaluation and
engineering studies, which the bureau agreed to fund in January 1948. This
authorization promised enough support that the NOTS Research Board set up
a new Guided Missile Division, equal in scope to the Experimental Operations
Department’s well-established Underwater Ordnance and Aviation Ordnance
divisions. Warner selected Dr. Andrew Vazsonyi, a native of Hungary with
expertise in servomechanisms, to head this new Pasadena-based group, which
as yet existed only on paper.

Thompson, concerned as always with thorough planning, added an ad
hoc evaluation group to the new division. In the Aviation Ordnance Division,
McLean had already started work on a seeker homing on infrared (IR) radiation,
a concept that would evolve into the Sidewinder missile. Another idea, one the

88



China Lake’s First Missiles

Research Board accepted in 1948 as worth trying, was that an inexpensive
weapon could be built rapidly with existing components and contractor
assistance. At the close of World War II, General Tire and Rubber Company
had inherited a small guided-missile organization from Jeep manufacturer
Willys Overland. Now GT&R resources would be used to, in McLean’s words,
“take parts of the Sparrow and try to integrate them into an IR system.”?
In May 1948 GT&R submitted a report that described an air-to-air homing
rocket and estimated that this weapon would be ready for fleet operational tests
within two years.

BuOrd based its support for the station’s first missile on the premise that a
“combination of rocket propulsion techniques already developed and a simple
infrared seeker, the basic principles of which are being developed on another
project, may produce an urgently needed weapon in the minimum time.”®
That other project was McLean’s early seeker work, which thus helped gain
the day for the NOTS AM. The price was high: his efforts to foster progress
by sharing his ideas with GT&R led in the 1960s and '70s to lengthy delays
in obtaining clear patent rights to key innovations in the Sidewinder missile.”
But in 1948 not a whiff of these later difficulties was in the air.

Although the bureau backed the NOTS AM, the program still encountered
powerful opposition in Washington, particularly from the GMC. In May
1948 the Technical Evaluation Group (TEG) of the GMC sent a report to
RDB questioning “the soundness of the philosophy behind this program” in
view of other missiles already further along in the development cycle. “In this
particular case, the additional question should be answered as to whether this
work should be done in a governmental laboratory when competent industrial
groups are available,” the TEG report said, adding that one organization should
not encompass both development and testing activities because developers had
a vested interest in positive test results.”? These views were directly counter to
the NOTS philosophy that all aspects of RDT&E were best accomplished in
one government laboratory.

The bureau answered TEG criticism with a memorandum of support
for the NOTS AM in particular and for in-house laboratories in general.
Government laboratories “must be used to the utmost and kept up to date . . .
so that, in case of a national emergency when other contractors revert to more
readily producible weapons and equipments, the government laboratories can
continue the uncompleted developments,” the bureau said.*

Only two days later BuOrd reinforced its vote of confidence by authorizing
the first phases of a development program for which the station was given
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technical direction, along with a modest increase in funding. The station was
“to achieve, in the shortest time practicable, detailed design and shop drawings
of a prototype solid propellant rocket employing passive homing.” Bureau
authorities expected the new missile program to capitalize on NOTS’ proven
expertise in fire-control systems and to allow useful comparisons with unguided
rockets under the same launching conditions. The bureau also promised to
consider a long-term program as soon as design studies were complete.*

The station responded with plans to develop two prototype missiles with
identical airframe, propulsion, and controls, but with guidance preset by an
internal autopilot in the Type I missile, and with an additional IR-homing
head that would lock onto a target for terminal guidance in the Type II missile.
Experience obtained from Type I would be incorporated into the design of
Type I1.” The idea of developing alternate versions would soon be followed
more successfully with the Sidewinder missile. The station’s first missile
differed significantly from its successor, however, in that the NOTS AM design
philosophy took what McLean later described as an “easy-looking and seductive
approach of welding ‘off-the-shelf’ components into a system.”*

The bureau’s plan was that, at the conclusion of the design engineering and
preliminary evaluation phases, NOTS would collaborate with Project Meteor
on “one or more designs for development of an air-to-air guided missile.””
With its hands thus loosely tied, the Guided Missile Division considered the
prospect of cobbling together the propulsion unit from the Sparrow missile,
the guidance section from Dove, hydraulic valves from Nike, and one of several
fragmentation warheads from existing rockets.”® In McLean’s view, this plan
perfectly illustrated the pitfalls of what he later termed “design by committee
with the final product clearly showing the lumpy structure representing
individual enthusiasms.””

In mid-1948, largely because of the NOTS AM work, the station began
a joint target-radiation survey project with Eastman Kodak, which had been
assigned development of homing and fuzing components in the follow-on
phase. The survey project’s goal was to discover the IR properties of various
targets, especially aircraft. Ironically, this work, which began as an afterthought,
would soon become the only part of the NOTS AM work to have lasting
practical significance.

Bureau efforts on NOTS’ behalf did not sway the TEG from its antipathy
toward the station’s first missile and other in-house missile-development
projects. In October 1948 the group issued a unanimous opinion suggesting
that promising technology in “any of the heat seekers now under development
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... beincorporated in an existing air-to-air missile such as Sparrow.”* The beam-
riding Sparrow I existed only in the sense that Sperry Gyroscope Company,
to which BuAer had given responsibility for the entire system development,
had concluded analytical studies and was working on the missile’s design.*
Arguments offered by BuOrd succeeded only in hardening the TEG’s original
position. In early 1949 NOTS leaders learned that a letter under preparation
in the bureau would shortly discontinue the NOTS AM.*? Vazsonyi made a
quick trip to Washington and on 24 February confirmed the bad news in a
high-priority telex to China Lake:

GUIDED MISSILES PROGRAM CANCELLED. STOP ALL OF YOUR
WORK ON NOTS AIR TO AIR MISSILE.#

The station’s first missile project was thus halted almost before it began.
But the mavericks on the desert had not given up on the prospect of missile
development work. In August 1949 Switzer told the NOTS Advisory Board
that “most of the work performed by NOTS in the field of guided missiles is
confined to testing but that we have done considerable work on an air-to-air
missile and are now in the process of submitting a proposal on a new idea.”*

With characteristic optimism, McLean and his helpers had charged ahead
with that new idea, applying lessons learned from the first project’s failure.
Sidewinder pioneer Dr. Howard A. “Howie” Wilcox later described the
outcome of the NOTS AM work as having been “dismal,” but added that “It
was only then that our people began to think carefully and sensibly about how
to do a good, integrated guided missile design.”*

Although asyetunnamed and unfunded by the station’s parent organization,
the Sidewinder missile program was under way.

Incubation of an Idea

McLean’s first job at China Lake as head of the Ordnance Department’s
Fire Control Section, offered frequent illustrations of the need for improved
weapon guidance, since he was also working on the problems of the airborne
fire-control systems then under development. With the advent of operational
jet aircraft, these systems were of necessity becoming increasingly complex.
Airborne fire-control systems, the ancestors of today’s complex, computer-
controlled avionics suites, were an important aspect of the station’s work during
the decade 1945-1955.

The station was responsible for evaluation tests of most of BuOrd’s early
fire-control systems. In 1947, for example, the bureau asked the station to

evaluate the Aircraft Fire-Control Systems (AFCS) Mk 5 and Mk 6. Although
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AFCS Mk 6, an air-to-air gun-firing system and air-to-ground rocket-firing
system, incorporated provisions to accommodate for gravity, dive angle, and
angle of attack, it still required the pilot to preset his rocket-firing range.

During the evaluation of Mk 6, NOTS fire-control specialists and their
colleagues at the Naval Ordnance Plant, Indianapolis, eliminated the need for
manual ranging by supplying the system with an APG-5 radar so that a pilot
could concentrate on tracking. Flight tests proved this combination to be a
great improvement over previous air-to-air gunnery systems. Mk 6 later saw
considerable use in the Korean conflict. The system would soon be superseded
by simpler ways to improve delivery accuracy, but for its day Mk 6 offered
welcome accuracy improvements for both rockets and guns.#

Station tests of fire-control systems led naturally to questions of how small
improvements in individual components could be measured in light of all the
factors affecting fire-control accuracy. Before 1948 evaluations of fire-control
systems were limited to analyses of impact data laboriously collected during
a large number of firings. In a major contribution to the Navy’s fire-control
systems, the station was the first to develop quantitative methods of assessment
that allowed the variables influencing performance of a fire-control system to
be measured independently of the aircraft. McLean was working in this area,
and as he labored to obtain accurate data, he became increasingly convinced
that fire-control systems were rapidly approaching an intricacy that would
make them unworkable. A better alternative, he thought, would be to use some
property of the target itself as a means of guiding an air-to-air rocket. The fire-
control system could then be part of the rocket. The guidance system would
need to be simpler and lower in cost than any alternative thus far devised, since
the system would of necessity be destroyed with one use.

McLean did not as yet discuss his idea with the other members of the Fire
Control Section or the larger Aviation Ordnance Division when he became its
leader in July 1947. Instead, he thought deeply about alternatives, performing,
in his own words, “much the same functions as an architect in the construction
of a building.” He later called this incubation period a significant component
of the Sidewinder success.*’

In the meantime, he was still responsible for developing the very systems
he sought to replace. As his group studied errors in air-to-air and air-to-ground
rocket fire control, measurements gathered from aircraft firings over NOTS’
instrumented ranges allowed assessment of rocket impact in relation to the
flight path of the aircraft firing the rocket. The group soon verified that rocket
dispersion, aircraft skid, and errors in angle of attack were all likely to produce
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that in modified form would become the “brains” of the Sidewinder missile.

“As a result of the discussion I decided that the following design would make a

very compact and lightweight control element,” he wrote, adding that
The alnico [aluminum, nickel, and copper alloy] rotor can be spun by air
pressure and will act as a gyro. The mirror mounted on its top surface will
project an image of the target which will describe a circle about [where] the
heat sensitive element of the target is centered. If the target is off center the
circle will strike the heat sensitive element and generate an A.C. voltage which
can be amplified and used to precess the rotor by interaction between the coil
surrounding the rotor and the alnico field. If the position of the mirror is
adjusted properly with respect to the alnico rotor the resulting precession will
be in such a direction as to turn the gyro axis toward the target. Takeoffs on
the position of the gyro can be used to control the orientation of the missile.’!

McLean later described the thought process that led to this disclosure.
At first he considered using a simple homing system that would pick up only
signals the missile would encounter by chance as it spun toward the target. He
realized, though, that the angular rates were “such that a missile that flies on a
pursuit course will always go behind the target by too much to be of much use
to you.” He found the implications obvious:

Well, that meant we had to put in a gyro. And experience on the Bat missile
taught us that the gyro ought to be free and not geared to the airframe, so that
when you turn the airframe the gyro can sit still in space. By working on that
problem, we came up with the technique of putting a coil around the spinning
magnet and precessing the gyro relative to the target signal without having
to resolve into the missile coordinates. The gyro could then track the target
independently, regardless of what the missile was doing.>

At the heart of his idea was the concept of precession, or the motion of
a spinning body when acted on by an external torque. A gyro moving freely
within a missile body could precess in response to the infrared energy emitted
by the target regardless of movements of both the target and the missile itself. A
tracking telescope operated by the gyro would send signals to a control system,
constantly correcting the missile’s course toward its target. Thus, as McLean
pointed out, the missile could solve its own fire-control problems.

Soon after that first disclosure, McLean was ready to get a small team
working on a demonstration model of his invention. He called together a
group of some 20 to 30 people and, with the aid of a blackboard, explained his
concept.®* A handful of the most interested, responsive attendees became his
initial team.

This way of finding people to work on his project was typical of McLean’s
leadership style. First he would try his ideas out on anyone who listened with
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some degree of understanding, but he would subsequently work only with
those who took independent action on the ideas.*

After a December 1947 test of McLean’s first seeker model failed because
of inadequate magnetic shielding, his small team constructed and successfully
demonstrated a second model in January 1948. For this version, the group used
a visible light source as a target and a photocell as a sensing device. McLean
reasoned that an actual missile would use an IR-sensitive detector to track the
infrared radiation from the exhaust of the jet- or rocket-powered target, but
that a photocell could be used to prove the concept.

Until then the seeker experiment had not needed outside funding. As
Warner recalled, the modest financial needs of McLean’s early work could
be easily encompassed “on the truck,” that is, “if he could finance it through
the other projects, why okay.”* Thompson was willing to provide in-house
discretionary funds, but these limited funds would not be sufficient to support
program growth into a full-fledged missile. Consequently, Thompson began
efforts in early 1948 to obtain financial support from BuOrd. In February he
called home from Washington to report that bureau authorities had “agreed
that this station could immediately embark on a program of bread boarding a
seeking system using lead sulfide cells for sensitive elements and Bill McLean’s
correcting gyro which would adjust the system so as to always stay pointed at
the target.” Funding news was not as good. BuOrd had agreed to provide no
more than $100,000, Thompson reported, with these funds also intended to
cover work on the IR target survey, then still part of the NOTS AM project.”

Despite the lack of funds, by 1948 the Aviation Ordnance Division had
achieved good measurements of the major errors contributing to the inaccuracy
of unguided rockets launched from aircraft, and McLean and his small team
had quietly verified the central concepts of his seeker idea. He decided to learn
what he could from the adolescent guided-missile programs investigating
similar concepts in other organizations. Accordingly, he and several division
members visited teams working on the Sparrow missile at Sperry Gyroscope
Company; Falcon at Hughes Aircraft Company; Dove at Eastman Kodak
Company; Terrier at Applied Physics Laboratory, Johns Hopkins University;
Lark at Raytheon Manufacturing Company; Hermes at General Electric
Company; and Bat and Pelican at NBS. McLean also talked to Dr. Wernher
von Braun, the rocket genius of Peenemiinde, the Nazis’ rocket research and
development center of World War II. Von Braun and his team at White Sands
Proving Grounds, New Mexico, were engaged in testing and modifying the V-
2 rocket, sponsored by the Army in work leading to the Jupiter program.
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Of these missiles in development, only Sparrow and Falcon were designed
for air-to-air use, but all incorporated technology applicable to McLean’s project.
He later articulated the purpose of the visits as having been “to figure out

. .. the minimum amount of garbage you had to hang on the rocket in order to

make it home.”* The information he collected on the design problems of each
missile program further convinced him that a useful homing rocket would
not use an aircraft fire-control system. As he saw it, incorporating fire control
would “essentially double your troubles; besides the unreliability problems of
the fire control, you also have those of the missile.” He found that each missile
design shop was having a problem conquering undamped oscillations that
resulted from the coupling between the missile body and the tracking loop.
These oscillations forced designers to add circuitry, thus increasing missile
complexity. McLean’s idea would circumvent this problem, since his tracking
system was unattached to its surrounding missile body.”

The visit to Hughes Aircraft also yielded an important design payoff.
McLean’s first seeker design, as presented in his patent application, incorporated
two gyros, one to carry out the seeker function and the other to produce signals
that would let the missile know the airframe’s exact motion and orientation
during each instant of its flight. The gyros were designed so that their rates of
turn would be proportional to each other. Hughes engineers suggested that
a proportional-navigation missile would not in principle need the motion-
and orientation-sensing gyro, since the missile would correct itself as it neared
the target. McLean accepted this idea with alacrity, realizing that his entire
device could thus be smaller and operate with fewer components than he had
previously thought possible.

Cognizance and Champions

In late 1948, when Thompson encountered TEG opposition to the
station’s first missile program, he worried that the heat-homing rocket project
might also be in jeopardy. Furthermore, he feared that if the parent RDB were
to adopt the TEG philosophy, the station’s very reason for existence could be
threatened. He turned for help to an influential friend, Deak Parsons, by then
director of the Atomic Defense Section (OP-36) in the Office of the Chief of
Naval Operations.

“Dear Deak,” Thompson wrote, “On my return from the east I stopped
to see Fred Hovde at Purdue to discuss with him, in part, the focus of the
NOTS development program for certain components for a short range air-
to-air missile.” Both Thompson and Parsons had worked closely with Dr.
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Frederick L. Hovde, the wartime chief of Division 3 of the National Defense
Research Committee. Now Thompson hoped Parsons would intercede with
Hovde, who was the GMC chairman. Pointing to the TEG’s negative report
on the NOTS AM as evidence that “the RDB doesn’t understand what we are
trying to do,” Thompson emphasized the need to educate the members on “the
extent to which the major investments in facilities at this station have been
focused on research and development activities as distinguished from test and
assessment work.”¢!

Parsons’ direct response is not recorded. Thompson subsequently expressed
the belief, however, that the station’s guided-missile cognizance problems were
the motivation for a remarkable memorandum Parsons wrote in February to
Dr. Karl T. Compton, who had succeeded Vannevar Bush as RDB chairman
in October 1948.52 Although Parsons was careful to label the memorandum
as expressing “personal views,” he assured Compton that those views were
based on official experience. “No one argues about cognizance of marlinspikes
or saddles. But in important, partially exploited fields, cognizance can be
synonymous with ‘paralysis’ or ‘stranglehold,” Parsons said, adding:

In addition to the non-subtle cognizance difficulties arising from jealousy and

lack of imagination there is a subtle difficulty which I believe you have to

guard against. . . . This is the lack of real determination and resourcefulness
of an organization in trying to defeat its own favorite development. . . . One
expression of this inner conflict is in the form of a campaign to get controlling
cognizance of any threat to one’s favorite weapon or system. The conscious,

expressed motives are always highsounding and convincing to the naive. But
the ultimate practical result can be stultification and technical defeat.®3

A pleased Thompson described Parsons’ memo as “one of the best things
he ever wrote.”* With the way thus paved, Thompson sent a letter to Compton
in March 1949. “I should like to mention that we are experiencing some
difficulty at Inyokern, involving morale at least, because of a persistent criticism
which is emanating from one panel of the RDB, regarding NOTS’ efforts to
do development work and some research bearing on the guided missile field,”
Thompson wrote. “I should not mind so much, if the criticism were about
guided missiles alone, but it seems to attack the primary mission of the station.
The criticism originates in the concept that Inyokern is a ‘Test Station,” and
therefore should not be engaged in the other activities.”

Thompson then pointed to the lesson he hoped the RDB would derive
from the station’s experience:

We feel that a type of operation of the above kind should be exploited much

more extensively in this country in the effort to conserve professional man
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power and to avoid unnecessary duplication of work on components. . . . We
are particularly anxious that there be an improved recognition among those who
are designing the pattern of operation for the weapons program in this country,
of the fact that there is at NOL and NOTS a very serious effort to solve those
problems which must be solved, if the research and development programs of
laboratories operated under the framework of service administration are to be
accomplished at high levels of effectiveness.®®

Compton’s answer promised no specific support, but left the door open
for further dialog. He agreed that the scientific and engineering community
needed to know more about the accomplishments of the in-house laboratories.
“A number of us in RDB have talked over this matter and will try to find
opportunities to be helpful,” he said.* Thompson was encouraged by this
answer, which he perceived as “quite sympathetic to our point of view.”¥ He
realized, however, that without official support for McLean’s project, the station
had only the most tentative of toes in the proverbial door.

Although McLean advocated keeping his team small at the design phase,
he agreed with Thompson that BuOrd recognition and additional funding
would be essential to carry the project into development. On 20 June 1949,
McLean published his first formal proposal for “A Heat Homing Rocket,” a
document designed to court the bureau’s blessing. This report stressed simplicity,
reliability, small size, ease of use, and low cost as program goals and cautioned
that “considerable experimental and theoretical work is needed to investigate
some of the proposals which are now only in the idea stage.”

The proposal described a fire-control system for launching the missile on
a course computed by a seeker at the end of boost, a hot-gas control servo, a
proximity fuze, a canard airframe (that is, one in which the deflectable control
surfaces were positioned near the nose), and an existing motor from the station’s
5.0-Inch HPAG Rocket.

McLean’s proposed design also included a pursuit navigation system, in
which a rocket closing on a target continually decreased the angle between the
boresight axis of the rocket and that of the target. Constant error correction
by the rocket’s navigational system would ensure that no matter which way
the target moved, the rocket would immediately correct for that maneuver.®
The design still incorporated two gyros, but McLean noted that he planned
to eliminate the second gyro. A key objective of the proposal, he said, was
to develop a weapon so integrated that “it is difficult to pick a starting point
which does not involve the properties of all other parts.”

McLean hoped that Re9, the bureau’s Guided Missiles Branch, would
forward his proposal to the RDB for review. Instead, Re9 denied the proposal
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on the grounds that the proposed device contained too many untested concepts
to be feasible as a development project. Re9 recommended more testing to
demonstrate the validity of those concepts. This response was not about to slow
down the NOTS mavericks.

Re9 officials “feel it is a matter of policy that we should not call this another
guided missile,” Warner told the Research Board. “If we develop it as a series of
components, we are within our realm. And then if these components happen
to go together and screw into the head of a rocket, we will be all right.”®

Infrared Radiation Studies

When McLean selected infrared radiation as the most promising type of
signal to track, he made a lonely choice.” Most missile developers of the day
opted for radar guidance, which they claimed had the advantage of being “all-
weather”—a term opponents of Sidewinder would later use with discouraging
frequency in their arguments against funding the program. McLean realized,
however, that the advantages an IR detector would have in most combat
conditions would far outweigh the limited advantage radar provided in cloudy
skies. A passive IR system would provide a more focused point of energy than
did target reflection from radar and would emit no energy that might warn the
enemy of danger. Because military targets typically emit great amounts of IR
energy, the equipment to detect this energy would be smaller, lighter, and less
expensive than that necessary to detect radar emissions.

Counterbalancing these advantages was the problem that no IR homing
device had yet worked reliably. The United States, Britain, and Germany had
pursued research on military applications for IR since World War I. The Nazis
had successfully tried out prototypes of several ingenious IR detection systems
against the Allies in World War II. British efforts were also promising. Intensive
research sponsored by the U.S. Office of Scientific Research and Development,
yielded several clever communication and detection systems that led to postwar
applications, but none successfully applied this technology to the guided
missile. Little was known about the heat-emitting characteristics of aircraft.
Nor did anyone have a clear idea of how the IR signatures (emitted radiation)
of aircraft might be distinguished from sunlight, clear sky, clouds, and earth.”

Fortunately, the IR target studies that had begun with the NOTS AM
were still under way, ostensibly because information gained thereby could
be applied to the Dove guided bomb, which the station had been testing for
Eastman Kodak Company since 1947 under a BuOrd contract. Dove’s nose
contained a large lead sulfide detector intended to measure an IR source
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found that his scanner could detect the presence of an airborne target but not
its exact location. He and others in the Optics Section began experimenting
with various types of infrared detectors, optical materials, scanning methods,
and reticle designs, accumulating much information applicable to the design of
an operational missile seeker. Leading this effort was Estey, who had set up the
optics group at China Lake in 1946 and whose focus on real-world problems
was much appreciated by the station’s weapon developers.”” His pragmatic
attitude rubbed off on other Research Department employees contributing to
this work, notably Nichols and Ephraim “Raim” Regelson, “a gung-ho go-getter
of the first water.””¢ Building on the idea of Nichols’ scanner, Estey suggested
that it be refined to incorporate a Cassegrainian telescope mirror assembly,
a device that could bring the target’s reflected image sharply into focus on a
rotating reticle.”

Hobby Shops and Hard Work

Funding constraints and lack of official recognition only motivated those
developing the heat homing rocket to work harder. Enthusiasm was high.
McLean was so engrossed in the project that on at least one occasion he arrived
home, ate a preoccupied dinner, repaired to the garage for some tinkering, then
returned to the house to ask, “When are we going to eat?””

McLean encouraged small groups—Ilater referred to as hobby shops—
that had few defined boundaries and unstated, frequently overlapping task
assignments. China Lake legend holds that McLean built Sidewinder in his
garage, but those who worked with him in these early days remember his almost
constant presence in the well-equipped laboratories and machine shop of
Michelson Lab, within half a mile of his home. McLean, who did love to tinker
in his garage, tested some of his early ideas through improvised experiments
on his home workbench, but the ideas appear not to have incubated for long
before reappearing in the workplace. As a knowledgeable member of his team
observed, “McLean did not build the Sidewinder in his garage, unless you say
that his garage was the Michelson Laboratory.””

By 1950 McLean’s administrative workload had increased significantly.
Warner’s departure to become director of Technical Operations at the Joint
Long-Range Proving Ground, Cocoa, Florida, seemed a propitious time to split
his empire. In March 1950 the former Aviation Ordnance and Test (AO&T)
Department became two departments, with the Measurements Division
becoming the Test Department under Renzetti and with McLean becoming
head of the new Aviation Ordnance Department (AOD).* He continued
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Dr. William B. McLean seeking fabrication advice from machinist Woodrow Mecham.

day-to-day supervision of his pet project, as well as leadership of his division
(retitled the Development Division). This situation, a member of his team
commented wryly, “provided for rapid vertical communication.”®

McLean consistently expressed distaste for the administrative aspects of
management jobs, but accepted leadership roles “to leave avenues of freedom
open” for the technical work. He compensated for his lack of interest in
the administrative area by selecting a second in command whose strengths
complemented his own. In AOD that person was Dr. Newton E. “Newt”
Ward.®? After earning his Ph.D. in physics from the University of Oklahoma
in 1941, Ward had worked in essentially administrative jobs at the Magnolia
Petroleum Company in Dallas and at the famed MIT Radiation Laboratory.
Bill and LaV McLean were the first people to greet Newt and Maryon Ward
when they arrived at China Lake on a blustery November evening in 1945.

Ward began working at the Sight Laboratory, a noisy building at Armitage
Field that had as its sole advantage proximity to the aircraft for which the
Aircraft Fire Control Branch was developing systems.
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Howie Wilcox cartoon showing work styles of the early Sidewinder leaders.

job, he would routinely plough through a thick satchel of paperwork in his
living room each evening.®

At McLean’s insistence, B-1 Range and B-4 Track became part of AOD.
“This caused some irritation by the people who had the Test Department
because they thought they ought to be in charge of all testing,” Ward recalled.
He began wrestling with several types of overhead charges, one for the Test
Department, where AOD sitill performed many of its tests; one for the AOD
employees dedicated to the test; and one for the aircraft, which needed to be
paid for whether or not they flew on a particular day.

Ward soon discovered the utility of explaining department projects to the
AOD clerical staff. He developed a skilled, loyal group of assistants to handle
personnel matters and budgets. “I think that was one of the things that I did
best of anything I did, was to bring in this lower level of people that usually
are ignored, but you depend on them all the time and assume they’ll be there,
and I think I got good help out of that,” he said.* Indicative of his leadership
style was the action he took when the Supply and Fiscal Department asked for
a list of the people authorized to withdraw materials from shop stores. He sent
back a list of every AOD employee. “What a dumb question to send out,” he
commented later. “If we have dishonest people, let’s find them and get rid of
them. Let’s not penalize everybody else in the meantime.”®
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The third future Sidewinder leader to arrive on the desert that year
was the self-confident Howie Wilcox, who had graduated magna cum laude
from the University of Minnesota in 1943, then became a teaching fellow at
Harvard. During World War II he joined an elite group of student trainees in
Los Alamos, where he learned priceless lessons from the Manhattan Project
scientists. “As a result of that experience,” he later wrote, “I became totally
(though unconsciously) imbued with the knowledge and attitude that just
about any reasonable technical objective can be realized in just a few months
by a motivated team of knowledgeable young people guided by progress- and
results-oriented managers backed up with adequate financial support from
on high.”®

At war’s end, Wilcox followed Enrico Fermi and other Los Alamos mentors
to the University of Chicago, where Wilcox received his Ph.D. in nuclear
physics in 1948. He became a research physicist and instructor of physics at the
University of California, Berkeley. As beneficiaries of his NOTS briefings would
soon discover, he was a born teacher. The Communist scare of 1950 resulted
in a requirement that all members of Berkeley’s teaching staff take a loyalty
oath, and after the university fired several of his most admired colleagues for
refusing to take the oath, he resigned, partly as a gesture of protest and partly
because he wanted to serve his country by returning to the sort of weapon-
development work he had experienced at Los Alamos. He accepted a NOTS
job “even though it was the lowest-paying position I was offered at that time.”

The Wilcox family arrived in the middle of a three-day sandstorm, featuring
China Lake’s infamous “termination winds,” so difficult for neophytes to endure
that they could motivate decisions to quit and move elsewhere. Los Alamos
had many similarities to NOTS, both in the approach to the work and in the
lifestyle. As soon as the wind died down, the Wilcoxes adjusted to their new
life on the desert. Evelyn “Evie” Wilcox, who had worked in the machine shop
at Los Alamos, opted at China Lake to stay home and raise a family. However,
as Wilcox pointed out, “she was very much a part of the ongoing enterprise, as
were all the wives at China Lake.”

Wilcox was delighted with the spirit of NOTS employees. As he
explained:

During World War II we were gung-ho to accomplish, and the government

gave us the freedom to accomplish, and we did accomplish. . . . I will say that I

found the spirit of China Lake to be very much a wartime spirit. It was the kind

of spirit with which I was very much in step. I wanted to move, they wanted to

move, and we just went off and made good progress without any loss of time
or pace. Hey, it was great.”
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Fresh Approaches, Simple Solutions

With energy and optimism radiating from its members, the team followed
McLean’slead on several difficult problems. In the seeker-head area, he wasn’t sure
of the optimum approach, so he pursued several approaches concurrently.”' By
early 1950 two seeker models had been constructed. One seeker, subsequently
labeled the B head, used conventional gimbal supports (similar to those used
for a ship’s compass) for the gyro and a nonrotating telescope mirror.”? The
other model, soon termed the A head, used a rotating mirror supported on a
spherical bearing. McLean preferred the compact elegance of the A head, but
he realized that it incorporated a more difficult precession technique than did
the B head. He decided to test both ideas.”

That January McLean visited Avion Instrument Corporation in Paramus,
New Jersey. He liked both the company president, Richard F. Wehrlin, and
the looks of the organization, which concentrated fewer than 50 employees
on one floor of a small loft building. McLean was especially impressed with
Avion employee Donald “Don” Friedman, a self-starter who would fit well
into the China Lake mold. Returning to the desert with the impression that
Avion was “of an ideal size and capabilities” to build one of the seeker heads
he envisioned, McLean convinced Thompson to release discretionary overhead
funding for a contract to get Avion started.*

As Avion’s new project engineer for the NOTS secker, Friedman began
by reviewing the pioneering “Heat Homing Rocket” proposal. “Basically, the
whole system seems entirely feasible, particularly after it has been decided
exactly what kind of navigation promises the optimum results,” he concluded.”
By the following September, Friedman was hard at work on the A head under
an Avion contract, and NOTS had funded a third type of head assembly, a C
head with a rotating motor and an internal bearing for the gimbal system.

McLean was convinced that “the decision between these types of gyro can
be made only on the basis of production difficulties and it will therefore be to
the best interest of the project to carry all three through the model stage.” He
had assigned each of the alternate design approaches to a separate team, the A
head to Friedman at Avion, the B head to an in-house team under the direction
of Estey and spearheaded by Lucien M. “Luc” Biberman, and the C head to
another in-house team led by Jesse R. Watson. In addition to these McLean-
directed efforts, Eastman Kodak Company was pursuing a parallel effort.
McLean, Warner, and others from NOTS met with Eastman representatives in
late 1949 and agreed to sponsor what then became the E head.* In November
1950 the Summers Gyroscope Company in Santa Monica began work on yet
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another seeker design, Type E. McLean’s idea for the Type F seeker involved
a gimbal-mounted gyro designed around a hollow core, with precession
provided by a friction dome, an arrangement already used on many gyro
instruments. Unfortunately, the station’s contract with Summers neglected to
stipulate that the gyro and precessing system must be free-floating and not
attached to the motor case. Although the Summers alternative performed well
enough to meet contract specifications, the design caused the motor case to
yaw unacceptably. The station rejected the F head. “In general the design was
clever but complicated by the necessary reduction gears in the friction dome
system,” Biberman later noted.”

Estey was the principal designer of the optical system, essentially identical
in all versions. “All of the seeker designs incorporated a telescope that was
gyroscopically stabilized inside the missile,” said Edwin G. “Ed” Swann, Jr.,
an energetic engineer who arrived at NOTS in August 1950 and was assigned
to the B head as a member of Biberman’s team. “It was a clever adaptation
of a traditional concept . . . that made the optical system easy to fabricate
and inexpensive.”® Typical of the informality of the work arrangements, the
pragmatic Estey neither required nor received the deferential treatment he
might have gotten as a relatively senior person in a more formal organization.
As Wilcox recalled:

I remember when Walt LaBerge once, as a brash young guy who hadn’t been

on the station more than a few months, told Roger Estey, ‘Hey, Roger, we're

going to have to let you go if you don't perform better,” or something like that.

I just about dropped my teeth. I thought that was very funny and I think so

did Roger ”

McLean was confident that as problems arose, new ideas would surface
to solve them. The team routinely ignored considerations of hierarchy and
went wherever the ideas were. For example, a fresh approach was necessary to
solve design problems involving airframe fin-control systems. Other missiles
used complex internal coordinate systems for navigation, but McLean wanted
to avoid these systems’ expense and unreliability. He envisioned a navigation
system that would be independent of the maneuvers of the missile itself.
Central to this concept was a gyro system that tied all control signals to external
coordinates.

The heat homing rocket’s first gyro could move only 10 degrees, so the angle
of attack had to be kept below 10 degrees. This severe limit on maneuverability
made airframe control systems critically important. Complicating the problem
was the fact that dynamic pressures against a missile’s control fins could
vary greatly at various speeds and altitudes. Other missile designers were
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employee of the Ballistics Division of the Research Department, brought
considerable knowledge of the laws of aerodynamics to the task.

Jagiello began work on the heat-homing rocket in a scenario typical of the
way the project obtained its personnel. Wilcox had been taking data to the
Ballistics Division, hoping to obtain answers on aerodynamic characteristics
the airframe control surfaces would need. He remembered that the man the
Ballistics Division had assigned to the project “couldn’t tell me how accurate
the numbers were and he couldn stand behind them. The guy at the next
desk [Jagiello] turned around and said they were accurate to five percent. . . . I
instantly shifted my attention to Lee.” Thus began what Wilcox characterized
as “a very important informal relationship.” Jagiello, according to Wilcox, was
“a really extraordinarily fine aerodynamicist,” someone “who could pull the
truth out of data that were scattered all over the map.” Even with Jagiello’s
help, however, Wilcox was unsatisfied with the Ballistics Division support. He
offered a job in AOD, and Jagiello took it.'2

McLean wanted the airframe for the new missile designed so that the
deflectable control surfaces would be positioned forward of the fixed main
wings. Jagiello’s task was to design the control surfaces so that the lift forces
they created would produce proportional torques at their hinge lines regardless
of the missile’s flight conditions. This approach meant that the team could
eliminate complicated mechanisms that would otherwise be necessary to
measure changing flight conditions and produce corresponding missile lift
forces. “I would judge that McLean’s ‘torque balance control principle’ avoided
some 60 to 90 percent or more of the hardware complexities and dollar costs
that would otherwise have been required,” Wilcox said later.!?

By borrowing from rocket technology and relying heavily on theoretical
methods, Jagiello devised a half-scale model. “The first missiles built were
built strictly from calculations,” Jagiello said. “We had no data.”'* Undeterred
by the lack of access to a wind tunnel, Jagiello and a small group of helpers
created a poor man’s wind tunnel. “We got a pickup from the Navy, and Mike
Kamimoto hung the pole out the side,” Jagiello said. “I remember at first we
used an aluminum pole, and Mike got a few static electricity shocks from it. So
we switched to a long bamboo pole.”

The group drove the truck around Mirror Lake, a small playa at the edge
of the China Lake housing area, to conduct what Jagiello referred to as “very,
very subsonic tests.” One of the team, Richard E. “Dick” Meeker, remembered
being stopped for questioning by the China Lake police. “Now look, Moe,”
said Jagiello, “we’re conducting an official test.” Meeker recalled that this
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fixed wings on the rear of the missile. As the air rushed past the missile during
flight, any rolling motion would cause the affected rolleron to precess and
deflect an associated tab into the airstream, thus producing aerodynamic forces
in opposition to the missile’s roll and dampening the roll. The rollerons were
simple mechanical devices, using only the airstream as a source of power and
avoiding the complex roll/rate-control systems of other missiles.

Jagiello remembered initial reactions to Crockett’s rollerons as ranging
from “That thing will never work” to “You guys crazy?” The fact that the
concept worked, said LaBerge later, “almost required the direct intervention
of the Lord to allow the gyroscopic forces to be in the correct direction so that
when the missile rolled, the rollerons popped out in the right direction and cut
down the roll.”1%

Jagiello’s analysis supported the soundness of Crockett’s proposal, and work
began on two types of rollerons, one driven by gases from the rocket motor
and the other driven by the airstream. The more elegantly simple solution to
an aerodynamic problem proved to be the more workable, and the airstream-
driven rollerons became part of the missile’s design.!”

Authorization and a Name

The more progress the China Lakers made, the more pressing was the
need for additional funding that would come only with official authorization.
Parsons intervened again, this time to convince Bureau Chief Noble and a
group in OP-05 to remove Re9’s funding roadblock by going around it.'®®

Haskell G. “Hack” Wilson, then an employee of the bureau’s Fuze Research
Development Section (Re2b) and later the station’s technical director (1970-
1973), recalled that word came down through the management chain: “Provide
funds to China Lake under the title of exploratory work with fuzes.” McLean’s
project was thus authorized to continue on NOTS foundational research funds
with additional support from Re2 on the fuzing aspects of the problem. The
heat-homing rocket had officially become a fuze project.!”

On 5 October 1950, NOTS received a welcome message documenting
BuOrd’s first official authorization of the heat homing rocket:

SUBJECT SPECIAL APPLICATION OF HPAG ROCKET FOR AIR

TO AIR WEAPON SYSTEM X NOTS HEREBY AUTHORIZED TO

UNDERTAKE FUZE DEVELOPMENT AND COMBINED WARHEAD

AND FLIGHT SYSTEMS UNDER PROJECT NOTS-RE2B-11 X

ESTIMATED DATE OF RELEASE TO PRODUCTION OCTOBER 1951
AND ESTIMATED FUNDS 200,000@ DOLLARS X REQUEST NOTS

ASSIGN CODE NAME™"®
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was assigned to “Design and construct a test model of an optical beam rider
control for the subject rocket to be used for close support work.” This air-
to-ground version soon acquired the name OMAR (Optically Maneuvered
Aircraft Rocket).

McLean challenged a small group headed by Crockett to coordinate
Sidewinder engineering design, working closely with D&P to ensure that
components would be reliable and producible. W. Dale Drinkwater and an
even smaller group were assigned to “Study advantages and limitations of
present system, folding fin system, best aerodynamic configuration.” Whitney,
Nichols, and others in the Optics Section would focus on “maximum range,
tactical limitations, and contrast of targets.” Pauline Rolf, a mathematician in
the Research Department’s Analysis Branch, would do simulations, and Hugo
Meneghelli and Rod McClung would work on fuzing, with Meneghelli also
working on the warhead, which McLean envisioned as virtually identical to
that for the HPAA rocket. McLean assigned himself the hot-gas control servo
system.''?

In mid-November Brown approved McLean’s approach to the task and
agreed that AOD would be responsible for the detailed administration of all
tasks, with the exception of fuzing and warhead development by the Rockets and
Explosives Department and target-survey work by the Research Department.'
On 27 November McLean’s team leaders met, ratified Sidewinder as the
project’s name, and agreed that the first day of October 1951 would be the
target date for the first air-firing tests." With a name, task assignments, and
initial funding, the project could move on to the next phase.

McLean outlined a daunting series of tasks, but the enthusiastic Sidewinder
team was ready to overcome all obstacles.
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Years of Change

The years 1949-1950saw many changes at China Lake. After a devastating accident
in February 1949, China Lakers mourned together, absorbed the loss, and moved on.

Station leaders spent a disproportionate share of their time on attempts to gain
the recruitment flexibility and community assets needed to attract a highly trained
technical staff;, as well as on new administrative structures to fund exploratory work
and to influence the weapons planning process in Washington.

While the changes at NOTS were consistent with the philosophy upon which
the station was founded, the reality of a growing Communist threat spurred changes
at the national level.

A Tragic Accident

The date was Thursday, 3 February 1949. At 6:30 that snowy morning,
a small twin-engine JRB transport aircraft lifted off from the Armitage Field
runway of China Lake’s Naval Air Facility (NAF) and headed south toward the
ancient El Paso Range, then west over the Sierra Nevada. At 7 a.m. the NAF
tower heard a terse “On top at 10,000 feet over Walker’s Pass.” Then silence.

Visibility was poor, and NAF air controllers were disturbed about the little
plane’s lack of radio contact, particularly when the JRB’s scheduled landing
time at Alameda Air Station arrived, then passed. The pilot, Commander
Alphonse Minvielle, was not the sort who would fail to report in. The popular
NAF executive officer had been a China Laker for a little more than a year. He
had flown courageously in carrier strikes in the Pacific during World War II,
survived the sinking of Wasp (CV-7), and returned to the states with numerous
decorations, including a Distinguished Flying Cross. Lieutenant (j.g.) Charles
V. Matus, the young Naval Reserve pilot joining Minvielle in the cockpit, had
been on the station for only five days. A valorous veteran of World War II
patrol bombing squadrons in the Pacific, Matus had also had a tour with the
air-sea rescue service of the Hawaiian Sea Frontier. Now, in a departure from
standard procedure, he took the copilot’s seat without having been checked
out in the operation of the JRB. He was assigned to the flight only because
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other pilots were not available. The JRB probably would not have been used
that day, either, if more spacious aircraft had not been otherwise occupied.
When Navajos snowbound on their northern Arizona reservations tramped
out pleas for “hay” and “food” into the snow, two R4D transport planes (with
25 service personnel) from China Lake were among the 16 military aircraft that
responded, airlifting more than 800 tons of hay to the sheep on the reservations
between 31 January and 9 February.'

The purpose of the 3 February flight was to deliver a group of NOTS
scientists to a meeting of the American Physical Society in Berkeley. Because of
the JRB’s limited seating, an initially lengthy passenger list had been pared to
five: Dr. J. K. L. “Loren” MacDonald, Dr. John McKinley, Myron G. Kellogg,
Rodney Morrin, and Joseph Vargus. The seven men on the little plane shared
two traits: enthusiasm for their chosen fields and youth. Minvielle was 34,
Matus only 27.

Kellogg, just 35 years old, had come to NOTS in 1946 after having taught
mathematics in the California public school system. An employee of the AO&T
Department, Morrin, 36, had joined the Research Department at NOTS in
late 1945 after wartime service as a physicist in the Bureau of Ships. Vargus
was also 36 and a Ph.D. candidate at Caltech. He had come to the desert in
June 1945 as a mathematician in the Internal Ballistics Section. In 1948 he
became a consultant in physics and mathematics on the staff of the Explosives
Department. McKinley was 42 and a chemist in the High Explosives Section
of the Explosives Department. After service in New Guinea interrupted his
teaching career, he had returned to the University of Colorado for his doctorate
in chemistry. He came to NOTS in September 1948, fresh from a postdoctoral
research fellowship at his alma mater.

The oldest of the group at 43, MacDonald was a Nova Scotian with a
distinguished career in teaching and research. He had left a position as a professor
of mathematical physics at New York University to come to the desert just four
months before and had been uncertain at first that the lure of his job as head of
the Applied Mathematics Section in the Research Department would make up
for the lack of social and cultural amenities. Just days before the flight, he told
L. T.E. Thompson that he had made up his mind to stay.?

On that fateful 3 February, worried NOTS ofhcials started a search for
the missing aircraft. By nightfall more than 50 search aircraft were involved.
The next day the search intensified. As the week wore on, hundreds of aircraft
flew thousands of hours in one of the largest searches staged to that date on the
West Coast.’ “The first thing you heard in the morning was the planes droning
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out, leaving the base to search, and it was the last thing you heard at night,”
Maryon Ward remembered. “That was such a depressing time . . . a very sad
time for all of us.”™

A massive ground search fanned out across the desert and surrounding
mountain ranges. The technical work of NOTS slowed nearly to a halt as
civilian and military workers joined the search. Thompson himself joined
Emory Ellis in visiting mining claims in the Panamint Range, asking in vain
if anyone had heard unusual noises overhead. Other NOTS folks searched the
precipitous terrain surrounding Owens Peak and fanned out into the Kern
Plateau to the west. By the end of the first week, those covering the terrain on
foot had spent more than a thousand hours in a fruitless search. By the second
week, searchers from outside the valley had gone home. The pilots of NAF
continued looking.’

When warmer weather arrived, Geno DeZan, a Kern County Airport
official, and Clayton H. Yearick, a deputy sheriff from Bakersfield, decided

to see if the melting snow might have uncovered signs of the missing aircraft.

The photograph was taken on 21 April 1949, the day the wreckage was found on the south
side of a wash in Indian Wells Canyon about two miles south of Owens Peak.
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On 21 April, flying north over the Sierra foothills, they spotted a flash from
the sun’s reflection at about the 7,500-foot level of a south-facing hillside
overlooking Indian Wells Canyon. Flying closer, they discovered the burned
ruins of the JRB. Later that afternoon a Navy and civilian ground party
determined that the plane had crashed into the mountain and that all on
board had been killed instantly.¢

The next issue of the Rocketeer carried front-page photographs of the
discovery. In an ironic, yet somehow comforting, juxtaposition, a small item
on page 7 noted that “Little Betty Jean, weighing seven pounds, ten ounces,
was born 21 April to Mrs. Helen Morrin of 110-A Byrnes and the late Mr.
Rodney Morrin.”” In the midst of tragedy, life went on.

Further healing for the community came with a simple, yet eloquent,
Protestant and Catholic memorial service on 28 April at the Station Chapel. A
recreation area west of Armitage Field was named Minvielle Park the following
September. The pool, barbecue pits, and other recreation facilities at the park
had been constructed by volunteer labor (with Minvielle himself one of the
main organizers). This recreation area was used by Armitage Field personnel
and their families and guests, including all residents of China Lake.

A Fresh Look at Planning and Accountability

Although the Minvielle tragedy shocked and saddened China Lakers, both
the buoyancy of a youthful community and the engrossing nature of the work
helped keep NOTS on an even keel. As confident as they were of the young
station’s technical competence, NOTS’ leaders knew they still had much to learn
in administrative areas. Advice flowed in from visiting groups sent to inspect
management practices, but as Thompson pointed out, the recommendations
weren't improvements if they slowed down technical progress.®

Thompson knew from experience that his strong-willed department heads
would resist or even ignore mandates, but would appreciate and act on good
advice. Accordingly, he and the Research Board began two important activities
in 1949, both designed to receive constructive information from outside
sources. One, the establishment of the NOTS Advisory Board, is discussed later
in this chapter. The other brought five members of the faculty of the Harvard
Graduate School of Business Administration to China Lake and Pasadena in
summer 1949.° The Research Board asked the Harvard group to look at and
recommend improvements to the entire spectrum of the station’s planning and
control. The idea was that once the group had given NOTS a framework, the
station would be better prepared to follow on with surveys of its own."
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The members of the Harvard team met with employees at all levels of the
organization, then prepared a thoughtful critique named the Nickerson Report
for group leader Professor Clarence B. Nickerson. The report was significant
both for the breadth of its reccommendations and for the seriousness with which
NOTS followed up on the recommended actions. Thompson later commented
to the station’s leaders that he believed the report “produced a very favorable
feeling” in Washington, both because of the helpfulness of the suggestions and
because the report showed that “the Station itself is interested in trying to reach
significant solutions to these problems.”"

Nickerson and his colleagues acknowledged that informality and lack
of bureaucratic controls had been important components of the station’s
successes, but added that NOTS had now reached a size where “it is impossible
to place complete reliance on informal procedures, and a certain amount of
systematic planning and control is essential.” The group cautioned, however,
that new procedures should “strike an extremely careful balance between the
need for informality and flexibility imposed by the nature of the work and
the need for systematic method imposed by the size of the organization.”? To
keep the study somewhat more manageable, the Nickerson team avoided the
larger issue of BuOrd authority over the station’s programs but did not hesitate
to recommend changes in NOTS operating procedures that would also affect
BuOrd procedures.

The Nickerson group believed strongly that station management needed to
institute more thorough procedures for accountability at China Lake and just
as strongly that the bureau’s attempts to manage individual projects by doling
out “packets of money” led to abuses. “If a given task does not cost as much
as the money allocated to it there is a tendency to think up ways of spending
the money rather than returning it to the bureau,” the report observed. A
widespread practice of charging the wrong tasks, the group noted, “is contrary
to BuOrd regulations, and in fact goes against the grain of the people who do
it, but the work has to get done, and the device of making incorrect charges is
sometimes the only way in which it can get done.”

The group recommended a single R&D appropriation, set up each year
as a result of a planning conference at which representatives from NOTS and
the bureau would develop a program “consistent within itself in terms of work,
manpower, and money and likewise consistent with the mission of the station.”
To accommodate funding for research or other exploratory work, 25 percent
of the technical budget would be used at the discretion of the commander and
the technical director."
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Research Board members studied the group’s recommendations and agreed
that they exhibited “a striking parallel to the principal efforts of the station to
improve its procedures and operating effectiveness.” Board members liked the
Nickerson Report’s single-appropriation and overhead-funding concepts and
agreed emphatically with recommendations bearing on the need for long-range
planning. “Stress joint BuOrd-NOTS planning; emphasize early planning,” the
department heads said, then recommended that the report’s findings not be
imposed whole-cloth, but that the best recommendations be implemented
slowly over a year or so, with a follow-up visit to check on progress.'

After considering a follow-on funding proposal from NOTS and NOL,
Rear Admiral Walter G. Schindler, assistant chief of the bureau for research,
made a counterproposal that Thompson told the Research Board “appears to
be close to the desired objective.” The idea was that technical overhead funds
would be assigned “through a comparatively small number of ‘station projects’
each of which may have several or many tasks.”'> Meeting jointly, NOTS and
NOL leaders then heartily endorsed the bureau’s new fiscal system, calling it
“an important and necessary step” and noting the importance of “continuity of
the overall fiscal support.”'¢

Establishment of an Advisory Board

The Nickerson Report not only encouraged planning mechanisms linking
the station with BuOrd but also reinforced actions to establish a planning group
closer to home. As early as 1945, NOTS leaders had begun to consider setting
up a group of expert advisors to serve as liaison with the scientific community
and to help guide the direction of the station’s technical effort. In 1947
Thompson had begun unobtrusively planning, organizing, and recruiting for
the proposed advisory group.”” He selected two trusted helpers—Dr. Wallace
Brode, associate director of the National Bureau of Standards and former head
of the NOTS Science Department (1945-1946); and Dr. Ralph A. Sawyer,
dean of the Horace H. Rackham School of Graduate Studies, University of
Michigan, and a wartime associate of Thompson’s at Dahlgren.

Attempts to woo Brode back to NOTS as a full-time employee had proved
futile, as had similar efforts to hire Sawyer.’* Thompson, pragmatic as always,
turned to other ways to enlist both men on NOTS’ behalf. By bringing them
to China Lake on short-term assignments, he hoped not only to capitalize on
their expertise and experience but also to maintain their interest in NOTS so
that they might intercede on behalf of the station as needed. Thompson had
the same idea about the proposed Advisory Board, which he envisioned as an
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must have seemed refreshingly limited: “We hope the Board can meet as a
group at the station perhaps twice a year for a few days to become familiar
with its facilities and acquainted with the personnel, see some of its work and
discuss current problems.”

Advisory Board advice would be appreciated, Switzer said, “on problems
of organization and equipment, on technical aspects of individual tasks, on
relations with university and industrial laboratories, on recruitment and
promotion of personnel, and on similar matters of importance to the best
performance of the Station mission.”?

This letter and associated informal recruitment efforts were remarkably
successful. Of the 15 names on Thompson’s “wish list,” 11 agreed to join the
NOTS Advisory Board, despite their heavy involvement on other committees.
This impressive roster—all Ph.D.s—included men who had worked together
in the wartime OSRD, who knew and appreciated NOTS’ accomplishments,
and who could use their influence in Washington to help the station. Perhaps
foremost among these illustrious members was Dr. Charles C. Lauritsen,
physics professor and head of the Kellogg Radiation Laboratory at Caltech.
Lauritsen’s service on a NOTS advisory body seemed a fitting extension of his
early and abiding interest in the station.?

Sawyer and Brode themselves were in the group. Robert B. Brode, a
distinguished professor of physics at the University of California, Berkeley,
" joined his brother in the undertaking. Industrial leaders on this first board were
J. A. Hutcheson, director of research laboratories at Westinghouse Electric
Corporation; Mervin ]. Kelly, executive vice president of Bell Telephone
Laboratories; and Robert W. Cairns, assistant director of research for Hercules
Powder Company. Representing academia were L.M.K. Boelter, a distinguished
chemical engineer and dean of the College of Engineering at UCLA; Worth
H. Rodebush, a physical chemist at the University of Illinois; and Howard W.
Emmons, an engineering scientist at Harvard University.

Lauritsen was joined by two others from Caltech: Frederick C. Lindvall,
chairman of the Division of Engineering, and H. P. Robertson, professor of
mathematical physics. Bringing the perspective of the government laboratory
to the board were Lawrence R. Hafstad, director of reactor development for the
Atomic Energy Commission; and Robert H. Kent from the Ballistic Research
Laboratory, Aberdeen Proving Ground.

An orientation meeting in August 1949 was designed to give the new
board an opportunity to become acquainted with the station and its programs.
The press of other business took Thompson to Washington that month, but an
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Discretionary Funding for New Projects

Thompson welcomed Advisory Board support for the idea of a station-
administered exploratory-research fund, which he saw as important for two
reasons: it would give NOTS the freedom to pursue new ideas in a relatively
sheltered environment until their potential value could be proved or disproved,
and it would add an important incentive for the station to use in its professional
recruitment efforts.”

China Lake’s isolation, the prestige of its leaders, and the wartime
environment in which it was established had already conditioned employees to
expect that entanglements in Washington would be kept to a minimum. The
Caltech rocket work for the Office of Scientific Research and Development
had proceeded with the relative freedom from outside constraints that is a
frequent by-product of wartime priorities. The Caltech connection had also
resulted in funding flexibility for NOTS in the immediate postwar period. As a
section head in BuOrd’s Research Division, Levering Smith had been in a good
position to help the station gain an unexpected windfall. As he recalled, when
the scientists returned to their normal research, Caltech still had “quite a large
amount, I think it was 10 million dollars, on the books that had been advanced
to them and that they wanted to get rid of.”

At the request of Sage and Lauritsen, Smith arranged to transfer the
money to Inyokern. “That became the nonaccountable money that much of
the station, particularly the rocket facilities, operated on as locally controlled
funds,” he said later.*

This informal arrangement was an important factor in the station’s success
in pursuing research projects in the belt-tightening postwar years. But even
though the Caltech residue was a significant sum, it soon dwindled. During
fiscal 1948 the station established (with BuOrd concurrence) a 20-percent
“tax” on all project funds issued to NOTS. This assessment financed the salaries
of supervisors in technical departments, as well as materials and services that
should appropriately be charged to project funds but that could not be allocated
to specific task assignments.

At first the “tax” was not used to finance basic and exploratory research, but
in December 1948 Thompson stipulated a 10-percentincrease in the assessment,
with the additional funds to be “used for support of certain programs which,
in the opinion of the technical director and approved by the commander, are
essential to a well-balanced technical program.”?” These funds were helpful, but
Thompson and other station leaders agreed that a regular, bureau-endorsed
arrangement for locally administered research funds was preferable.
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When the NOTS Advisory Board convened for its first official meeting
on 10-14 October, members discussed at length the BuOrd accountability
requirements for NOTS funds and concluded:

A proper financial support for N.O.T.S., while it must include certain specific

tasks should, to as large an extent as possible, be built on tasks involving the

production of complete weapons or weapon systems and should permit a

maximum flexibility in changing the emphasis of the work as it progresses.

Any realistic concept of such a station must also recognize that an appropriate

fraction of the effort be devoted to exploratory and non-scheduled studies

relating to the basic mission.?®

Members took home copies of the Nickerson Report, which NOTS
had received only days earlier. The Harvard group’s proposal to establish a
25-percent discretionary overhead fund was as popular with Advisory Board
members as it had been with NOTS department heads. “This is certainly the
way to finance special projects and to take care of differences between cost
estimates and actual spendings on a task,” Sawyer wrote Thompson, agreeing
that NOTS needed more budgetary flexibility and less detailed bureau control.
“This matter, of course, was discussed by the Advisory Board and I expect that
the Advisory Board will keep hammering at it,” Sawyer said.”

An opportunity for further “hammering” soon arrived. A joint meeting
of the NOTS and NOL Advisory Boards with BuOrd leaders in Washington
on 31 January and 1 February 1950, resulted in a statement recommending
that the bureau follow a policy already adopted by Re to provide discretionary
funding for the two laboratories.” As a result of this joint proposal, the bureau
agreed to set up a “Foundational Research fund” to be used at the discretion
of each technical director to allow an uninterrupted program of relevant
research.>* A June allotment of technical overhead funds carried with it the
stipulation that not less than half of the allotment should be used to fund
foundational research, which BuOrd defined as “that type of research which
applies to weapon trends and to the broad field of naval ordnance.”

With bureau support thus assured, the station began setting aside 10
percent of the money assigned to its R&D projects for research contributing to
these projects. This practice proved so successful that a 1952 Naval Inspector
General audit found that the fund “stimulated independent development of
ideas and effectively exploited a high-class technical staff” and urged BuAer to
consider adopting a similar fund.”” Over the years station leaders viewed the
fund as critically important to the work at China Lake. Sidewinder, Walleye,
and other important new products might never have reached fruition without
their early support from station discretionary funds.*
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A New Commander for NOTS

By the time the Advisory Board had its first formal meeting, Switzer had left
China Lake to become Commander Task Force 81 (Operational) and Com-
man-der Carrier Division 17 (Administration). On a brilliant Friday morning,
23 September 1949, Switzer had turned over the helm to Captain Walter V.
R. Vieweg, who arrived highly recommended by Captain Sherman E. Bur-
roughs, the station’s first commanding officer.

Vieweg's training and fleet assignments boded well for his success at China
Lake. A native of Buffalo, New York, he was a graduate of both the Naval
Academy and the aviation ordnance course of the Academy’s postgraduate
school. He became a naval aviator in 1932. During World War II he served
on Chandeleur (AV-10) in the South Pacific; as Staff Commander, Carrier
Division Five, Fast Carrier Task Force, during the Hollandia and Marianas
campaigns and early Bonin raids; and as commanding ofhicer of the carrier
Gambier Bay (CVE-73).

From Academy days onward, Vieweg’s friends called him “Bowser” in
recognition of his bulldoglike personality. He possessed unusual physical

U.S. Navy photo LHL 24020

Rear Admiral Wendell G. Switzer and Captain Walter V. R. Vieweg, October 1949.
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Vieweg had solved plenty of tough management problems in his career,
but NOTS, with its largely civilian work force and its spectrum of community
services, presented a challenge of a new magnitude. Determined to make the
most of his assignment on the desert, he soon fell in love with the place.”
Discussions with Burroughs had given Vieweg some familiarity with the station’s
programs and philosophy. As a guest at an early Research Board meeting, the
new commander demonstrated that he had taken the NOTS philosophy to
heart. “I will not ever be so bold as to cast myself in the role of a scientist,
which I am not, or dare in any way to attempt to play the role of one,” Vieweg
said, expressing his intent to “run this station based on the advice of those best
qualified in the field.” He added a reasonable request, “I ask you folks to keep
me informed, and sell to me those things I will someday have to sell to the
Chief or the people he works for.”

“I have nothing to add, except to indicate our wholehearted support of
your command of the Station,” responded an impressed Sage.?®

Recruitment Difficulties

One of the first problems Vieweg encountered at NOTS was a perennial
one for the military laboratories during the postwar decade—how to attract
and retain competent scientists and engineers in an environment of salary
restrictions, rigid job classification standards, and cumbersome hiring and
firing procedures. Industrial organizations had no such restrictions and thus
usually won out in the competition for new professional employees. As
Thompson complained, government contractors in need of technical talent
were “continually attempting to proselyte key employees of this activity.””

The recruitment picture at NOTS wasn't entirely bleak, since enthusiastic
China Lakers were frequently successful at convincing colleagues to sacrifice
comfort and convenience for adventure and a stimulating work environment.
But relatively low salaries and cumbersome hiring practices such as “assembled
examinations” of candidates for scientificand engineering jobs made recruitment
difficult for the station and other government labs. In early 1947 the Navy’s
Office of Industrial Relations (OIR) had established a West Coast office of the
Joint Board of U. S. Civil Service Examiners. This office was a tenant activity
of Pasadena Annex, a proximity that at first helped streamline recruitment
and classification actions for the station, as well as for NAMTC and the Navy
Electronics Laboratory in San Diego.

In 1949, however, the U.S. Civil Service Commission decided to issue a
nationwide announcement once a year for entry-level professional positions
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(grades GS-4 thorough GS-7), then administer tests and set up registers (rank-
ordered lists for establishing hiring priorities) based on the test results. The West
Coast installations learned of this plan when the commission turned down the
Pasadena examining board’s request to announce unassembled examinations
for entry-level professional grades, insisting instead on a nationwide assembled
examination. Leaders of the affected laboratories were horrified, fearing that
even if the most desirable candidates were willing to take the test, they would
accept positions elsewhere rather than wait five to six months for their names
to appear on the register.® Furthermore, the laboratory leaders pointed out,
the four years of study reflected in a college transcript provided much better
evidence of technical competence than did a three-hour test.

At the urging of Dr. Royal Weller, Point Mugu’s first civilian chief scientist,
the three affected organizations jointly worked to enlist OIR to their cause.*
OIR gained a partial concession from an otherwise intransigent commission:
the examinations could continue in regional locations, including Pasadena.
But the commission ignored the argument that examinations were not an
acceptable way to find technical talent. “It seems to me that the commission
has completely missed the point on what it takes to get good junior scientists,”
noted an exasperated Vieweg.*

Until the urgent needs of the Korean conflict caused external regulations
to ease, NOTS and other similar organizations would have to work within a
cumbersome recruitment system.

A Grim Housing Situation

As the station managed, despite bureaucratic obstacles, to attract new
employees, the hiring problem eased somewhat. But from the time construction
of the “village” began in 1944, NOTS had been unable to house employees
adequately. The problem reached crisis proportions in the early 1950s, as a
flood of new scientists and engineers arrived. Housing authorities made frantic
efforts to keep ahead of the demand, assigning new employees to whatever
quarters were available.

A popular “funny film” created for AOD’s 1953 Christmas party began
as a dusty sedan careened to a stop several miles west of the station gate and
dumped out a bewildered-looking young man, introduced as “J.P” in honor
of the station’s junior professional program. In due course the travel-weary
J.P. arrived at his assigned housing, only to find a one-room tar-paper shack
with no door, bare springs for a bed, a chamber pot in one corner of the room,
and a tumbleweed standing in for other furnishings. “Our hero can’t help but
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compare these fine facilities with the dorm room he recently vacated at the
University of Wisconsin,” intoned the narrator.*

China Lakers watching the film laughed knowingly. Many in the audience
had experienced living arrangements scarcely more luxurious than those
depicted on the screen. When Jack Crawford, for example, arrived at NOTS
in 1950, he was assigned to “transient quarters” consisting of one two-story
building for males and another for females. Each building had an open corridor
down the center with cubicles on either side. “Four persons were housed in
each cubicle with two double-deck bunks and four narrow closets (about 2
feet wide) for personal effects,” Crawford recalled.# Other housing options
were even less private. After a month or several in transient quarters, new
professional employees typically moved into smaller dormitories, single-story
buildings later used for offices and a childcare center. Crawford remembered
his dorm room as “a real step up from transient quarters, two people to a room,
lockable door, space for a dresser and closet each.”*

As crude as single quarters were, the situation for married employees
was worse. Family quarters were nearly nonexistent. Even NOTS’ ordinarily
sanguine recruiting literature cautioned potential employees that they should
not plan on moving their families to China Lake for the first 18 to 24 months.*
Frequently the promise of challenging work was not enough to compensate for
the family disruption that went along with a new job at NOTS. The percentage
of potential employees turning down employment offers was discouragingly
high (50 percent in 1950). Station management blamed much of this rate on
the housing situation.’

Exacerbating the problem were provisions of the National Housing Act,
which bound the Federal Housing Administration to certify that a continuity
of demand existed before it could guarantee new-housing loans. Community
Manager John O. Richmond tried hard to convince the FHA that the Navy
had a long-term commitment to remain in the Indian Wells Valley, yet FHA
officials remained adamant that the station was a temporary installation and
therefore a risky investment. As a result, the NOTS commander was forced to
become landlord for most of the civilians as well as for the military personnel
stationed at China Lake.*

Without housing loans, home ownership in Ridgecrest was virtually
impossible for most young families. The few pioneering spirits who constructed
their own homes were rare enough to be newsworthy. “Dr. Gilbert J. Plain,
a physicist in Aviation Ordnance, feels he has nothing much to show for the
$4,500 he has paid in rent during the five years he has lived at 702-A Essex,”
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a 1951 issue of the Rocketeer reported. “He has plenty to show, however,
for his spare-time work during those five years. It’s a brand new house in
Ridgecrest.” Gil and Felice Plain continued to live at “Plain Acres” for nearly
half a century.®

More typically, young professional families crowded into base rental
quarters, convinced they would stay for only a few years before seeking
opportunities elsewhere. So many of those families ended up staying
permanently that newcomers™ claims of “a couple of years, then we'll leave”
were later greeted with wry smiles. In the early 1950s, however, Spartan living
conditions generally meant that a long-term commitment to the community
would have to incubate for a few years. In addition, many employees privately
agreed that home ownership in Ridgecrest was a shaky venture.*

With efforts to encourage home ownership making scant progress, NOTS
housing authorities worked zealously to provide rental housing. The 120
new two- and three-bedroom concrete duplexes that opened for occupancy
in February 1950 were rapidly filled." But the housing situation was still a
problem of major proportions. Ever since the first China Lake housing opened
in 1944, rental units had been apportioned to the NOTS departments for
assignment. Each department had its own waiting list and assignment rules,
and employees transferring between departments usually kept their assigned
homes. Department staffs were forced to administer house-borrowing-and-
lending procedures of Byzantine complexity. Rose Gonzales, who had arrived
at NOTS as a member of the WAVES in 1944, was responsible for one of the
lists. She recalled that “people would look and see what their seniority was, and

Ridgecrest housing, August 1949.
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Each of these duplexes, built in 1946, had a one-bedroom unit on one end

and a two-bedroom unit on the other.
theyd check against other departments, and they'd transfer there because they
had a better chance for a house.” She had to scramble to keep track of the houses
that departments borrowed back and forth in their efforts to retain valuable
employees.” In June 1950 a more equitable system went into effect, and the
departments gratefully turned over housing administration to the community
manager. Under new rules adopted by the Administrative Board, five eligibility
groups were established, with assignments on the basis of seniority and family
size. A department head could petition the commander to move a desirable
recruit higher on the list.>*

Further housing relief came that September when the Bureau of Yards
and Docks approved a house-trailer court southwest of the Public Works
area for 150 Navy-owned trailers and 100 employee-owned mobile homes.*
Construction of the 11-acre court, including centrally located bathroom and
laundry facilities, was completed hastily, and by early December the first family
moved in. For $24-a-month rent (including utilities), military and civilian
families were grateful to obtain living quarters, even in a trailer less than 25
feet long, with a tiny 176 square feet of living space.” Efforts continued to
convince BuOrd to authorize the purchase of more trailers. Cited as evidence
of the need was the station’s plan to hire 500 more civil-service employees
before July 1951, as well as a waiting list containing the names more than 600
employees, about 400 of whom were among the 1,100 people in dormitories,
huts, and transient quarters.*
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By late 1950 the station advised the bureau, “The lack of housing is
adversely affecting the technical program at NOTS in an increasing amount.
. . . Recruitment of new employees is approaching a standstill particularly
in professional and higher per diem grades.””” Shortly thereafter the bureau
approved an increment of 100 more spacious trailers, and the commander was
able to modify the housing rules that gave some relief to married professional
employees, particularly those in the critically needed draftsman and engineering-
aide categories.*® Crawford considered himself lucky to be among those assigned
to share the new trailers. He luxuriated in having a private bathroom. “On the
down side,” he said, “the frequent windstorms were a ‘moving experience’ in
those trailers.” Lack of privacy was still a problem. “A newly married couple
moved into the trailer behind mine and since our bedroom windows opened
toward each other, their conversations at night could be heard clearly. Night
after night the fellow would explain the principles of rocketry and obscure
physics principles to his new bride.”

Although NOTS pioneers later cited the neighborly housing arrangements
as a cause of camaraderie, living quarters that close were clearly too much of a
good thing. Plans for a longer-term solution were already under way, however.
In July 1949 the 81st Congress passed the Wherry Bill, amending the National
Housing Act by adding a new Title VIII that authorized the FHA to insure
mortgages on private rental housing constructed to serve military installations.
The bill was designed to help relieve housing shortages near military installations
by giving private builders special incentives. An entrepreneur authorized to
carry out a Wherry housing project was required to provide only 10 percent
of the project’s cost. Loans for the remaining 90 percent would be guaranteed
by the FHA.% In August 1949 the station requested 741 housing units in
China Lake under the Wherry Bill, and in May 1950 the Secretary of the Navy
authorized construction of 497 Wherry Act housing units in the Indian Wells
Valley, subject to selection of an acceptable sponsor.©!

A search for a suitable site for the new housing turned up three possibilities
in Ridgecrest and one in eight miles to the west. After rejecting two Ridgecrest
locations because “the proximity of stores, taverns and trailer courts . . . did
not add to the attractiveness of the site,” Vieweg expressed an early preference
for the third Ridgecrest location, “Rocket Town.” Much of this sparsely
populated acreage five miles south of the NOTS main gate was owned by the
Transcontinental Land and Water Company, which had been trying with little
success to encourage land speculators to invest in the area.? But Rocket Town
contained so many small, individually owned lots that Vieweg reluctantly
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Welcoming ceremony
for the first commercial
airline flight from
Inyokern Airport, 26
February 1951.

U.S. Navy photo courtesy Inyokemn Airport

From left are stewardess
Frances Drew, Captain
Walter V. R. Vieweg,
stewardess Julie Abram,
Colonel Shepard
(president of California
Central Airlines),
Inyokern pioneers Gladys
and Clarence Ives,

and Capt. Clement R.
Criddle, NOTS

executive officer.

concluded that the negotiations necessary to acquire a contiguous parcel of
appropriate size would make acquisition virtually impossible. He decided
to recommend the Inyokern location, which he presumed would be easy to
acquire, since the entire parcel had one local owner, Clarence F. Ives.

After the Navy arrived on the desert in late 1943, Ives had seen his
entrepreneurial plans to develop the village of Inyokern foiled by Ridgecrest
pioneers Joe Fox and Wilbur Stark, whose offers of inexpensive land for churches
and other public buildings had helped station leaders decide to establish the
permanent base adjacent to Ridgecrest. Ives now proposed bringing Wherry
housing to Inyokern by selling 295 acres south of Inyokern and west of U.S.
Highway 395 to the housing sponsor for the token sum of a dollar. Vieweg
liked the idea, since accepting the offer would free up more money for house
construction.®® By September the FHA approved the Inyokern site, and Ives and
his wife signed an option agreement deeding the 295 acres to NOTS for a year
pending selection of the Wherry housing sponsor.* Finding a builder interested
in sponsoring the housing, however, would not be easy, since provisions of the
Wherry Act also spelled out construction costs and rent controls.
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As negotiations dragged on, community discontent became more vocal.
When Vieweg received an anonymous letter in January 1951 complaining
about “the garageless, porchless, crowded-together houses on the Station”
and “house trailers parked like a shantytown instead of neat housekeeping
apartment units,” he had the letter published in the Rocketeer, along with his
reply detailing steps being taken to deal with the situation. “If anyone at China
Lake can suggest additional measures which have not been taken to this end,
the commander will be glad to decorate the suggester for valor,” he added.®
Within the next few years, thanks in large measure to the continuing efforts of
the NOTS commander, the housing situation would ease. In the meantime,
China Lakers learned to make do with whatever housing they were assigned.

Changes Within the
Defense Establishment

Even as the station’s leaders coped with administrative problems at China
Lake, larger changes within the defense establishment would ultimately affect
the projects assigned to NOTS, as well as its relationship with Washington.
When the Office of the Secretary of Defense (OSD) was established in 1947,
it was limited in size and authority on the recommendation of James V.
Forrestal himself.

But the nation’s first Secretary of Defense soon realized that he had tied his
own hands. As Forrestal put in 16-hour days, assisted only by an impossibly
small three-member civilian staff, the workload of his office mounted. Worse,
by pursuing his initial wish to avoid overcentralization and foster cooperation,
Forrestal found himself without the tools he needed to function effectively
as arbiter among increasingly fractious stakeholders competing for limited
defense resources. The National Security Act of 1947 had stipulated that the
military departments were to be “separately administered,” retaining powers
not vested in OSD. As a consequence, the services often went their own way,
dealing directly with the President, the Director of the Budget, or Congress,
and scarcely troubling to inform Forrestal of their actions.®

Acknowledging that major changes were needed in the way the defense
establishment was administered, Forrestal asked Director of the Budget Frank
Pace, Jr., and Special Counsel to the President Clark M. Clifford to work with
him on a reorganization plan. In February 1949 Forrestal and his colleagues
sent the President a memorandum recommending legislation converting the
National Military Establishment to a Department of Defense and giving the
Secretary of Defense “effective direction and control” over the armed services.
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The Forrestal-Pace-Clifford memo re-
inforced a November 1948 report by the
Eberstadt Task Force, a subcommittee of
the Commission on Organization of the
Executive Branch (known as the Hoover
Commission in honor of its chairman,
former President Herbert Hoover). The
task force, under the chairmanship of
Forrestal’s long-term associate Ferdinand
Eberstadt, recommended that “civilian in-
fluence must be dominant in the formu-
lation of national policy and that civilian
control of the military establishment must
be clearly established and firmly main-
tained.” An overhaul of OSD was neces-
sary, the task force said, to give the office

Secretary of Defense more authority, particularly over the bud-
James V. Forrestal. gets of the military services.””

President Truman adopted many of these ideas, incorporating them in
his recommendations for amending the National Security Act, which he
sent Congress in early March 1949. Congress acted promptly on one of his
proposals, setting up the position of Under Secretary of Defense on 2 April.
But congressional action on the rest of the amendments was delayed by a series
of dramatic events following Forrestal’s embittered 26 March resignation.

On 1 April the burly, blunt-speaking Louis A. Johnson became the nation’s
second Secretary of Defense. The new secretary had many political friends in
Washington, but he was unpopular among military leaders, who viewed with
alarm his inexperience in defense matters. Furthermore, he was not someone
who felt the political waters before taking action. During his first week in
office, Johnson abolished nine interservice boards. By the end of two months,
he had wiped out 68 committees. By the end of the year, he had disbanded
141 committees, in the process making enemies in all three services and in
Congress.*®

Johnson also decided to reduce defense spending by taking early action to
resolve a dispute that had been festering between the Navy and the Air Force.
The Navy and its supporters in Congress advocated construction of a flush-
deck supercarrier large enough to accommodate aircraft armed with five-ton
atom bombs. The Air Force and congressional adherents of strategic air power

National Archives
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wanted the funding necessary to build B-36 bombers sufficient for a 70-group
capability. Funding both the carrier and the bombers was not an option, since
the President was adamant that he would not approve a budget requiring large-
scale deficit financing.®

Forrestal, who had worked hard to maintain an even-handed policy on
interservice matters, had authorized the Navy’s supercarrier, and in August
1948 the Newport News Shipbuilding and Drydock Company had received
a contract to construct the 65,000-ton United States (CVA-58). However, on
22 April 1949—three months before Congress began considering Truman’s
reorganization plan to increase the authority of the Secretary of Defense and
four months before Congress passed the implementing National Security
Act amendments—Johnson rescinded Forrestal’s decision and canceled the
supercarrier construction project.

The Navy, which had widely publicized the keel-laying ceremony of the
United States only five days earlier, viewed the cancellation as a severe blow
to its effectiveness and prestige. So upset was Secretary of the Navy John L.
Sullivan that he resigned in protest. Undeterred, Johnson handpicked Sullivan’s
replacement, Francis P. Matthews, a corporation executive scathingly referred
to among disgruntled Navy brass as “the rowboat secretary,” referring to his
limited experience in matters nautical.

As these events unfolded, both houses of Congress held hearings on the
administration’s proposed amendments to the National Security Act, particularly
Title IV, the budget section. Legislators were persuaded by arguments from
witnesses—including Hoover and Eberstadt—that streamlining the preparation
and execution of the military budgets would result in a more cost-effective,
businesslike approach. The Senate approved the amendments on 26 May.
In the House, however, members were preoccupied with Johnson’s decision
favoring the B-36. The House committee reviewing the amendments voted to
suspend hearings in favor of conducting a probe into the controversy. President
Truman then forced action by threatening to invoke executive powers. On
18 July Congress received his Reorganization Plan No. 8, containing most
of the provisions in the Senate legislation. Thus maneuvered into action, the
House passed its version of the legislation, and on 2 August 1949, the National
Security Act Amendments of 1949 became law.

The legislation officially replaced the National Military Establishment
with the more centralized Department of Defense, headed by the Secretary
of Defense, who was given more control over the Research and Development
Board, the Munitions Board, and the military services. The term “department”
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was more than just semantics, since it signaled that the Secretary of Defense was
the principal military advisor to the White House. His three special assistants
became assistant secretaries, and he acquired a deputy secretary. He also became
the sole Defense Department member of the National Security Council.
Perhaps most significantly, Title IV of the act gave the secretary the authority
to distribute congressionally appropriated funds, a power that had previously
rested with the military services, which, with the 1949 amendments, lost their
executive-branch status and had to work within budget controls established
within the department. The changes wrought by the amendments have been
seen as deeply significant in that they marked the beginning of a gradual transfer
of power from the military services to the Secretary of Defense.”

For NOTS, the shift of power at the national level at first made little
difference, since funding still flowed through BuOrd, whose leaders offered
strong support for the philosophy under which the Navy’s desert lab had been
founded. But ultimately the trend toward more centralized decision-making
would affect even the magnificent mavericks of NOTS, circumscribing their
independence of action and requiring them to spend more time coordinating
and less time accomplishing the work.

Symptoms of Communist Expansion

As the decade neared its end, a series of unwelcome world events shocked
America’s military leadersinto the realization that maintainingan unprecedented
peacetime level of preparedness would be required in a world where peace was
a relative term. Wartime technology advances had made possible increasingly
precise and sophisticated weaponry that would allow military forces to operate
with more versatility than ever before. Increased funding would be needed to
develop and maintain these new weapons. The political climate, however, was
one more conducive to budget cuts.

The war between the Communist and Nationalist Chinese had been raging
across the Asian subcontinent since the end of World War II, but the U.S.
had paid scant attention, choosing instead to focus foreign-policy attention
primarily on Europe. After crises in 1948 in Berlin and Czechoslovakia
convinced American policymakers that the Communist threat was growing,
Western diplomatic efforts to establish a mutual defense treaty escalated. On
24 August 1949, the North Atlantic Treaty became effective, with the signatory
nations agreeing that an armed attack against any European or North American
nation would be considered an attack against them all.” In the meantime the
armies of Mao Zedong had succeeded in forcing Chiang Kai-shek’s Nationalist
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government off the mainland and onto the offshore island of Formosa (now
Taiwan). By 5 August 1949, vast mainland China was in Communist hands.

The American public, alarmed at last by the situation in China, soon
learned even more upsetting news. Air Force detection equipment found
atmospheric evidence that the Soviets had detonated an atom bomb in late
August.”? On 23 September—only 49 days after the Communist conquest of
China—a White House announcement officially confirmed that the American
nuclear monopoly had ended. U.S. scientists were astonished that the Soviets
had the bomb so soon; scientists had assumed that America had at least a five-
year grace period before the USSR could create a working nuclear device.

Although efforts to clarify how America would use its nuclear might as
a world power were already under way, the Soviet A-bomb explosion and the
strengthened Communist presence in Chinashocked U.S. strategic policymakers
into intensified action, as did the news in January 1950 that German-born
nuclear physicist Dr. Klaus Fuchs was a spy for the Soviet Union. Fuchs’ wartime
work at Los Alamos had given him extensive access to information about U.S.
nuclear weapons including the “Super,” the still-theoretical hydrogen bomb.
As a consequence, many in Washington were fearful that the Soviets would
be the first to possess this most powerful of weapons. The Fuchs crisis became
public in early February and exacerbated a national paranoia symbolized by the
strident cries of Senator Joseph R. McCarthy (R-Wisconsin) and others that
the Truman administration was “soft on communism.”

The President realized that something would have to be done in response
to these events, yet he was reluctant to espouse a military buildup, which he
feared would be strategically provocative as well as economically inflationary.
Congress, in deference to the American public, was unwilling to repeat the
belt-tightening days of World War II, and Truman’s policy of retrenchment
was carefully designed to balance the budget and reduce a huge wartime
debt.”?Indeed, during the years 19461950 nearly half the money expended
on defense—$42 billion of a total $90 billion—went to liquidate the costs
of World War II.”* The White House and the Bureau of the Budget, ever
sensitive to politics, kept a constant pressure on the services to minimize
new obligations, stretch out programs, and economize in other ways. The
results included strength levels of the U.S. armed forces that by June 1950
were scarcely more than the low levels reached in 1947 at the end of World
War II demobilization.”

On 31 January 1950, Truman took two important steps: he formally
directed the Atomic Energy Commission (AEC) to begin development of the
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“Super,” and he charged Secretary of Defense Johnson and Secretary of State
Dean Acheson with a reexamination of the nation’s “entire military posture” in
light of the Soviets’ atomic breakthrough. A joint State-Defense study group
put together a five-year military-security plan, the famed policy paper, “United
States Objectives and Programs for National Security,” referred to as NSC 68.7
This paper, sent to the members of the National Security Council at Truman’s
direction on 14 April 1950, recommended a broad political and military
program to contain the Soviet system “by all means short of war.”

The report made no mention of costs, but the study group’s preliminary
calculations indicated that annual appropriations on the order of $30 billion to
$40 billion—approximately three times the amount Truman had in his military
budget for fiscal 1950—would be necessary to accomplish the recommended
military expansion. Even without the dollar figures, NSC 68 was unpopular
with those who had staked their reputations on economy in military spending.
Truman deferred final action on the report until the budgetary implications
could be assessed.

Events in Korea soon made a military buildup much more politically
acceptable. The recommendations of NSC 68 had longer-term significance as
the basis for a national security policy that committed the United States to an
expanded role in defending other countries around the world.” The increased
emphasis on atomic weapons that NSC 68 represented would also result
in new projects for NOTS, with technical expertise acquired through the
development of nuclear weapons also laying the groundwork for sophisticated
conventional weaponry.”
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A Broad Spectrum of Work

While the nation’s leaders struggled with organizational and funding issues,
NOTS worked on concepts and products extending across the spectrum from basic
research to development to test to production and fleet introduction. This book covers
only a few prominent programs in any detail, with each considered as a separate
entity. In reality, station employees pursued many programs concurrently, with
solutions to one project’s design problems often applied immediately to those of other
projects. The goal was better ordnance for the fleet, and to meet that goal station
employees went wherever the expertise was—across projects or across departments.

Research at NOTS

Station research capabilities at mid-decade were strong and broad, with
work concentrated in four main areas: ballistics, chemistry, mathematics, and
physics. One of the first divisions formed at China Lake was the Ballistics
Division, important in those days of rocketry for its ballistics research and
range-measurement studies. The division began in a Quonset hut with only
four people, but soon expanded into an entire wing of Michelson Laboratory,
where as many as 35 specialists in exterior ballistics, acrodynamics, aeroballistic
analysis, and ballistic instrumentation worked on exploratory research and
problem-solving in such areas as crosswind firing and fin-spin investigations.
The ballisticians were responsible for predicting rocket accuracy, taking into
account the impact of wind and other variations in flight conditions, as well as
anomalies in the rocket and its components. In the pre-computer era, the labor-
intensive computations required for each study were performed on Friden and
Marchant calculators.

A recurrent discussion within the division, and one that surfaced frequently
in the minutes of the Research Board, had to do with what the group’s proper
role should be. Division members held at least three views, with one group
saying that research should be the primary function, a second holding that
analysis supporting specific weapon projects was more important, and a small
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third group arguing
that the division
should work on its own
hardware projects.! Dr.
Ivar E. Highberg, a
hard-charging, crusty
ballistician who headed
the Ballistics Division
from 1951 untl he
was appointed head
of the Test Department
in 1955, espoused the
philosophy that 70
percent to 80 percent

of division employees Dr. Ivar E. Highberg at the blackboard.
should be doing “bread-

and-butter work” on practical tasks like calculating range tables, obtaining
aerodynamic data through wind-tunnel tests, and doing aerodynamic
calculations on how to build or strengthen fins. Somewhere around 10 or 15
percent should be identifying problems and helping solve them. “I am also,
then, willing to have about 5 percent . . . hidden off in a corner doing something
that the chances are 1 in 50 that it will ever amount to anything,” he said.2

Ballistics and aerodynamics were basic to the station’s work, and members
of the division were involved in nearly every project. “That’s why I think we had
a little problem,” said Franklin H. “Frank” Knemeyer, an early member of the
division. “Did they belong broken down into the development departments
or did you go to a central group that did the work?”* For some customers,
the answer to that question was to hire away Ballistics Division employees,
and many of the most creative and knowledgeable ballisticians moved on to
outstanding careers elsewhere on station. Influential China Lakers who began
their NOTS careers in the Ballistics Division included Knemeyer, Highberg, Dr.
William R. “Duke” Haseltine, Albin Fojt, Judson “Jud” Smith, Dr. Marguerite
“Peggy” Rogers, Ed Winkel, Leroy Riggs, Leroy L. Doig, Jr., Robert J. “Bob”
Stirton, Robert G. S. “Bud” Sewell, and William B. “Bill” Porter.

In that company of accomplished ballisticians, Haseltine was one of the
most colorful and knowledgeable. Recognized as one of the world’s experts
in exterior ballistics, he shunned administrative responsibility, preferring
to work alone. So intense were his powers of concentration that he burned

U.S. Navy photo, courtesy Felice Plain Mueller
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an area “in which I think the foundational work of the Station has been most
effective.” This success was possible because of the close working relationships
at China Lake. “Engineers in development were being fed a stream of new
information on combustion mechanisms, new materials, flame phenomena,
problem-solving, and new ideas at close range,” said Dr. William S. “Bill”
McEwan of the Chemistry Division. “They did not have to wait until that
information was boiled down and published in some scientific journal that
they would very likely never see or read. They could come down and talk to
the authors.”

China Lake scientists in Dr. William S. McEwan’s back yard circa 1950 with
organic chemist Dr. Neville V. Sidgwick of Oxford University.

Seated from left are Dr. Gilbert B. L. Smith, head of the Chemistry Division; Dr. L.T.E.
Thompson, technical director; McEwan; and Sidgwick. Behind them from left are Dr.
Ronald A. Henry; Dr. Donald S. Villars; D. Ted McAllister, head of the Editorial Branch,
Technical Information Division; Lohr Burkhardt; Dr. Edward St. Clair Gantz, head of
the Analytical Branch, Chemistry Division; Dr. John H. Shenk, head of the Research
Department; Dr. Robert W. Van Dolah, head of the Organic Branch, Chemistry Division;
Dr. A. L. Olsen, head of the Physical Branch, Chemistry Division; Dr. Christian T. Elvey,
senior research scientist, Research Department; Dr. Sol Skolnik, head of the Organic
Chemistry Division; and William A. Gey.
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Several problems solved by Dr. Fred Ernsberger, an alumnus of the Y-
12 Electromagnetic Separation Plant at Oak Ridge, were representative of
the important role the Chemistry Division played in rocket development.
Using both theory and carefully developed experiments in physical chemistry,
Ernsberger examined the diffusion of nitroglycerin from the propellant for the
Mighty Mouse rocket to the inhibitor wrapped on the outside of the propellant
charge. He found that the solubility of nitroglycerin in cellulose acetate made
that wrapping material unsatisfactory in extended storage. When he replaced
the cellulose acetate with a new formulation of ethylcellulose, a satisfactory
shelf life resulted. Ernsberger also developed equations to solve a problem with
H-9 propellant. McEwan himself was responsible for the research leading to
plateau- and mesa-burning propellants—revolutionary new types of propellant
that combined high burning rate with relatively low temperature sensitivity and
that gained their names because plots of their burning rates against pressure
on logarithmic coordinates took the form of mesas or plateaus. Ernsberger’s
and McEwan’s studies made possible the development and success of several
families of solid propellant.”

A smaller part of the Research Department, the Mathematics Division
began with just three consultants in Pasadena’s Physical Science Division. By
1955 the division had grown to nearly two dozen mathematicians specializing
in applied mathematics, statistics, and computing, with the computing tools
at hand evolving during this era from calculators through small, specialized
research computers into massive computers essential to the RDT&E process.
The division supported the technical organizations at NOTS by providing
advice on sampling techniques and data evaluation, experimental studies of
heat flow in rockets, analyses of fire-control and guidance problems, analyses of
propellant extrusion tests, and other services calling for mathematical skills. The
1953 Statistics Manual by Edwin L. Crow, Frances A. Davis, and Margaret W.
Maxfield became a minor classic in the world of statistics, where its users valued
the book’s practical approach to experiments and sampling techniques.?

The youngest research group at NOTS was the Physics Division, which
began as a small section divided between the Physical Science Division at the
Pasadena Annex and the Applied Science Division at China Lake and which
became a full-fledged division at China Lake in 1950. By 1955 the division had
about 40 physicists. In the solid-state physics laboratory, researchers studied
basic properties of conductors, semiconductors, and insulators. Employees
in another specialized laboratory focused on the behavior of metals under
impulsive loads, work that directly applied to the development of explosives
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and warheads. In the hyperballistics laboratory, researchers pursued penetration
studies. The optics group measured and computed electromagnetic properties
of flame and characteristics of visible and infrared light. Finally, the division’s
model shop provided the tools needed for fabrication of the special apparatus
needed for the various physics programs.’

The spirit of the station’s academic origins lingered in the Physics Division,
where basic science was pursued to an extent unusual for a military laboratory.
One of the most theoretical of the Physics Division’s researchers was Dr. Fred T.
Rogers, Jr., who came to the station in February 1949 as a research associate. His
wife, Dr. Peggy Rogers, was a fine researcher in her own right who frequently
co-authored papers with her husband. Both had received Ph.D.s in physics
from Rice Institute in Houston, Texas. The couple had married in 1936, with
their first jointly written research paper, “The Energy-Range Relations for
Deuterons, Protons, and Alpha Particles,” published in 1938. After a year of
post-doctoral research as an assistant in astrophysics at the Yerkes Observatory
of the University of Chicago and the McDonald Observatory of the University

of Texas, Fred Rogers pursued
an academic career. In 1948
he was appointed a research
physicistat Oak Ridge National
Laboratory. The couple moved
to China Lake the following
year. Peggy Rogers went to
work in the Exterior Ballistics
Branch, and in August 1950
Fred Rogers became head of
the Physics Division.

Dr. Hugh Hunter, who was
associate head of the Physics
Division before he moved on
to other leadership positions,
described Rogers as “a free-
wheelingphysicistwhoassumed
that he was supposed to do
what he wanted to do and he
did just that. He began to work
on really abstract problems that

Dr. Fred T. Rogers, Jr., at the University of we wouldn’t begin to think of
South Carolina circa 1955
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defending today.” One such study was of convective flow through a column of
sand, an experiment that used the radioactive isotope Phosphorus 32 and that
Hunter said Rogers conducted “just because it looked interesting.”"! That drive
toward pure research went further than NOTS intended to go, and when the
University of South Carolina offered Rogers a position as head of its Physics
Department in 1953, he took it."?

High-Flying Research Project

In keeping with Thompson’s belief that the station’s excellent scientific
personnel must have the freedom to pursue certain research endeavors on
their own initiative, NOTS began its study of the upper atmosphere primarily
because of the interests of two of its employees, Dr. Chris Elvey and Dr.
Franklin E. Roach, who were wartime research associates at Caltech under an
OSRD contract. Both men transferred to NOTS in 1945. Elvey had earned
his doctorate in astronomy from the University of Chicago and had worked
as an astrophysicist at Chicago’s famed Yerkes Observatory and the McDonald
Observatory of the University of Texas, where he collaborated on a photoelectric
study of the light of the night sky with Roach, who had also earned his Ph.D.
at Chicago. During World War II Roach had directed an extensive program
in explosives research for Project Camel, the code name for NOTS’ work on
non-nuclear explosive components of the atom bomb as part of the Manhattan
Project. After the war, Roach moved to NOTS Pasadena and continued to
work in explosive materials."?

At first both men applied their expertise to practical problems in explosives
and ballistics, but with an expansion of the Aerophysics Section, which the
Research Department had established in September 1946, the two scientists
found a niche that better suited their interests. The section’s first employee
was Edward V. Ashburn, whose interest in atmospheric phenomena rivaled
that of his supervisors. Ashburn had been a forecaster and weather researcher
for the U.S. Weather Bureau, working during World War II on an aircraft
icing research project for the Army Air Corps and the National Advisory
Committee for Aeronautics (forerunner to NASA). As Roach and Elvey began
their expansion plans, Ashburn was already providing support for a high-flying
endeavor known as Project Apollo.

This pioneering study of the upper atmosphere started when the U.S.
Army Air Corps (a predecessor to the Air Force) agreed to support an ONR
request for B-29 bombers to carry scientific equipment to high altitudes to
measure cosmic, solar, and sky phenomena. The Air Corps agreed to provide
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aircraft, officers, and flight crews. The Navy’s part of the project encompassed
maintenance, fuel, and other logistic aspects of the flights, as well as the
scientists to conduct the studies. The station had an ideal combination of assets
to support Project Apollo: excellent flying weather, the long runways needed
for B-29 landings, a hospitable organizational environment, and interested
scientists with strong links to a community of astrophysicists at universities
across the nation."

Aircrew members for Project Apollo were assigned to Wright-Patterson Air
Force Base, Dayton, Ohio. A unit of four officers and 12 airmen modified three
B-29s to accommodate scientific equipment, then accompanied the rebuilt
aircraft to China Lake in September 1946. Charles D’Ooge, project liaison
officer from ONR'’s Pasadena office, also came to the desert to shepherd ONR
interests.' During the nearly four years the Project Apollo B-29s were stationed
at Armitage Field, they flew 268 missions, from the equator to the Arctic
Circle, for an estimated 600,000 miles at altitudes of up to 40,000 feet.' The
flights accumulated data to support research conducted by several participating
scientists, who then authored an extensive list of scientific publications. As
Ashburn pointed out, NOTS and the Navy benefited by receiving widespread
recognition in the scientific community.””

By July 1950 Project Apollo had reached its main research goals and
was canceled on the recommendation of the Chief of Naval Research.’® An
unexpected consequence of the experiment was China Lake’s Sierra Wave
Project, conducted between November 1950 and October 1952 and designed
to contribute to understanding of the meteorological conditions contributing
to the Sierra Wave effect. This project came about after one of the Project
Apollo pilots flying out of China Lake gave the first report of an experience with
the Sierra Wave, a reaction of upper-air winds as a weather front approaches
the steep eastern scarp of the Sierra Nevada. The effect, with its rising winds
and distinctive lenticular clouds, has proved irresistible to glider pilots, and
many national and world soaring records have since been set in the skies over
Inyokern Airport.”

After cancellation of Project Apollo, the station’s involvement in upper-
atmosphere research continued. Elvey and Roach had succeeded in expanding
direct involvement in ONR-funded studies of the upper atmosphere and had
undertaken joint supervision of the Aerophysics Section. Elvey soon took on
other management duties, becoming acting head of the Research Department
in 1948 and senior research scientist in October 1949, but he retained an avid
interest in night-sky studies. The Astrophysics Section expanded to become
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U.S. Navy photo files, photo by Bob Symons

Sierra Wave effect, looking south along the Owens Valley, California.

two branches, one in Pasadena under Roach and one in China Lake under
Ashburn, and the station became for a short time one of the nation’s foremost
centers for the study of atmospheric physics.2

Adopting the term “airglow” to designate the type of night-sky light they
were studying, Elvey and others in the group set up discharge tubes in Michelson
Laboratory and began painstaking spectrographic measurements to determine
the character of the light emitted. They soon discovered that hypersensitive
photographic plates exposed for a week or more yielded distinct features of the
airglow spectrum. To accomplish the necessary exposures, the team enlisted the
aid of the Michelson Lab security guards, who would check on the apparatus
every hour on weekday nights and over the weekends.

In another part of the study, Roach and a small team began collecting
and analyzing photometric data useful in isolating infrared-emitting light in
the upper atmosphere. Several observatories in the U.S. and Europe helped
by collecting data. Of most immediate use were observations the station’s
astrophysicists made during the dark of the moon at Palomar Observatory and
at Cactus Peak, an instrumented cinder cone located near NOTS’ northwest
boundary. Ashburn had the related task of determining the density of the upper

149



Magnificent Mavericks

U.S. Navy photo NP/45 31331 courtesy Felice Plain Mueller

Spectrograph to measure features of the airglow spectrum.

Research Department employee Harold Turner uses the apparatus in September 1950.

atmosphere by using photoelectric photometers to measure sky brightness from
sunset until the last trace of twilight had disappeared, then using data from
these observations to compute the atmospheric density of sunlight.?!
Numerous NOTS publications resulted from these endeavors, including
17 reports in 1950 alone.?? Evidence of the station’s prominence in this field was
a May 1950 meeting that brought a distinguished group of U.S. and European
scientists to China Lake. The ONR representative reported comments from
several participants that “it was the best scientific meeting of its size that they
had ever attended.” The year 1950 represented the height of the station’s
upper-atmosphere research program, but the Physics Division continued a
more limited high-altitude program, with notable contributions later made by
Dr. Pierre Saint-Amand, who commented that “it turned out that there was
a good reason for it all,” in that the study of chemical reactions in the upper
atmosphere set the stage for China Lake’s pioneering space-technology work,
particularly on re-entry problems, that occurred in the 1960s and 1970s.
The night-sky studies were also partially responsible for the 1948
construction of the station’s highest, coldest, and most remote laboratory—a
small facility perched near the bleak summit of California’s White Mountain,
165 miles by road north of China Lake. The White Mountain Research
Station was designed as a high-altitude observing station closer to home than
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usefulness to NOTS had deteriorated to that of a remote weather station. That
October the station turned the facility over to the University of California at
Berkeley under an ONR contract, with support from the National Science
Foundation and the Rockefeller Foundation for Medical Research.? Later
NOTS found the facility useful for infrared-seeker targeting tests.” Today
Berkeley still operates the research station, and China Lake’s role has been

largely forgotten, with the main significance perhaps as an illustration of the
breadth of NOTS’ early research studies.

Aircraft Fire-Control Systems

Pioneering scientific expertise also existed in the Aviation Ordnance
Department, which numbered among its employees several who worked on fire
control and bomb directors even before NOTS was founded. These specialists
included Dr. Eugene P. Cooper from the Franklin Institute, Joseph H. “Joe”
Hibbs and McLean himself from the Bureau of Standards, and Dr. I. Henry
Swift, Dr. Albert G. “Al” Hoyem, Dr. Lewis E. Ward, and Robert B. Allen
from the State University of Iowa. These men converged at NOTS in 1945-
1946 to form the nucleus of what became a department dedicated to aviation
ordnance work. Their early work focused on development and refinement of
the electromechanical integrators and gun sights that allowed unguided bombs
and rockets to hit their targets. By the early 1950s, NOTS was also creating
innovative fire-control systems, radars, and bomb directors.

The Navy relied heavily on NOTS range and evaluation facilities for testing
bomb directors. The first such system to be evaluated at China Lake was the
experimental Bomb Director Mk 2, designed jointly by Norden Laboratories
Corporation and Bell Telephone Laboratories. The station built on its
knowledge of the Mk 2 to develop improved range instrumentation and flight
evaluation procedures for the follow-on Mk 5 and its later incarnation, the
Norden-developed AN/ASB-1. Another system for which the station assumed
trouble-shooting responsibility in 1945 was Bomb Director Mk 3, as designed
by the Bureau of Standards earlier that year. The system represented a new
versatility in that it could guide pilots armed with rockets as well as bombs. By
1949 the Mk 3 was in production. Flight testing at NOTS continued until late
1952 to help solve production problems encountered by the Naval Ordnance
Plant, Indianapolis (NOPI), and to help train fleet pilots in the system’s use.?®

During the course of testing these systems, the station developed innovative
measuring systems that were perpetuated at China Lake and elsewhere. In one
such technique, devised in 1949, employees of the AOD Evaluation Division
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came up with an innovative way of measuring wind velocity. They proposed
that an aircraft release a puff of smoke at the same instant it fired a rocket.
The free-floating smoke would then be tracked with cinetheodolites. Both the
smoke puff and the oncoming rocket would also be documented by a remotely
controlled camera located at the center of the target, as well as by other cameras
along the flight path. By adopting this technique, the station was able for the
first time to obtain a photographic record of the flight path of an attacking
aircraft sufficiently reliable to allow accurate determinations of skid angle,
angle of attack, and acceleration, measurements that needed to be taken into
account in fire-control system design.?

Bomb Director Set AN/ASB-1 was one of several systems tested at NOTS
that used the smoke-puff technique to help with the evaluation of test results.
Tests of the AN/ASB-1 began in April 1950, when a “flying workshop” PB4Y-
2 arrived on-station. By year’s end, three prototype sets were undergoing test
at NOTS and were being used to train those who would use the system in
combat. The station set up and operated Project Atlas, which Newt Ward
praised as “the first and at that time the only school for instructing maintenance
and operation personnel.”* Over the following five years, Project Atlas trained
more than 200 fleet personnel in the theory, maintenance, and use of the new
bomb director.”

The AN/ASB-1 was designed to accomplish automatically some of the
tasks previously required of the pilot. The system’s initial performance left
much to be desired, with a few unreliable components contributing to the
failure of the PB4Y’s first bombing runs over B-1 Range. Within two years,
more than 1,000 drops occurred from the PB4Y alone. By mid-1953 the PB4Y
was being used primarily to test production equipment, to train bombardiers
and maintenance men, and to develop techniques in radar photography. Tests
of the AN/ASB-1 had shifted to two AJ-1 aircraft, with each series of flights
designed to investigate a specific weakness. That systematic approach led to
gradual accuracy improvements by Norden Laboratories and other firms. The
system successfully passed its first operational readiness test in late 1955.%

Building on NOTS’ success in AN/ASB-1 evaluation, BuOrd in late 1955
assigned the station part of a broad RDT&E program in support of the Navy’s
heavy-attack mission. From this program emerged AN/ASB-7 in 1955 and
AN/ASB-8 in 1956. Bomb Director Set AN/ASB-8 was an all-weather, air-to-
ground system that provided for weapon delivery from horizontal, dive, toss,
loft, over-the-shoulder, or lay-down attacks; and that could be used to deliver
bombs, rockets, missiles, or mines. In a concurrent effort, the station worked on
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lighter bomb directors for small attack aircraft, designing Bomb Director EX-1
(renamed Mk 9 in 1954) specifically for use with single-seat aircraft. Starting in
1953, NOTS guided Bomb Director System Mk 10, essentially Mk 9 coupled
with Radar System AN/APG-53, from conception through preliminary
development and prototype production. Again, this system was intended for
flexible toss delivery of special weapons (atom bombs) and conventional bombs
from light-attack aircraft. The Mk 3 Mod 3 system replaced the Mk 10 in 1956
when the A4D-3 aircraft for which Mk 10 was intended was replaced by the
A4D-4. A later version of Mk 10 would resurface by the end of the decade in
the station’s pioneering Shrike missile, with the follow-on Weapons Delivery
Computer CP-741/A seeing action in Vietnam.»

In addition to work on designing bomb directors and redesigning fire-
control systems that other organizations sent to China Lake for trouble-
shooting, NOTS developed two major fire-control systems of its own, Aircraft
Fire Control System (AFCS) Mk 8 and AFCS Mk 16, which BuOrd assigned
to China Lake in late 1949 and early 1950.

Today the Mk 8 radar-controlled, all-weather fire-control system is
remembered primarily as a motivation for Bill McLean to design his pioneering
infrared-homing missile. McLean himself said he designed Sidewinder to avoid
the Mk 8.3 Ward recalled that when BuOrd sent the station a requirement to
develop an all-weather fire-control system, McLean wrote back, “It’s not worth
doing.” According to Ward, the bureau’s answer was “We heard you. Do it.”
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24

U.S. Navy photo LO 1211,

Breadboard layout for an experimental fire-control system, August 1954.

Working on the system are Billy Davis (left) and another employee of
Development Division 1, Aviation Ordnance Department.

first the boards were soldered at too low a temperature. “There were hundreds
and hundreds of vacuum tubes and five or six big gear boxes and all that stuff
grinding away doing this computing, and all these solder joints were failing,”
McLane said. “What we wound up doing was tearing that computer totally
apart and by hand going over all of the printed circuit boards and resoldering
them by hand before we could make the thing finally work. . . . Oh, it was a
horrendous job.”

Shortly after the Mk 8 development began, the bureau agreed to fund the
interim AFCS Mk 16, which Henry Swift and the members of Development
Branch 1 were creating on the fourth floor of Michelson Lab.” The rugged
Mk 16, which incorporated the first use of magnetic amplifiers for analog
computing, turned out to be the lightest, least expensive, and most accurate fire-
control system this country had ever produced. The magnetic amplifiers used
variations in voltage to accomplish what could previously be done only with
vacuum tubes, which not only frequently failed to operate but also generated
too much heat when they did work. Development went well, and the system
reached the test-flight stage in 1951.
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Scarcely had the Mk 16 begun production when Swift and his branch
invented a way to perform the same calculations with components a third as
large, a third as heavy, and costing only a third as much. That new system was
the EX-16, which had as its brain the NOTS-invented Computer Mk 101
with its revolutionary logarithmic computational method to improve accuracy.
This method made it possible for the computer, which could only add, to solve
necessary multiplication and division problems. Mk 101 received input signals
that had been converted into their logarithms, then added the logarithms to
yield a signal, the logarithm of the product of the original signals. The computer
also used direct current instead of alternating current, thus eliminating phasing
and harmonics as sources of error and greatly simplifying the instrumentation
and control operations required in production. The magnetic amplifiers,
resistors, and semiconductor circuits of the new system also made it far lighter,
more versatile, cheaper, and easier to build and maintain than its vacuum-tube-
powered predecessors had been.

Initial flight testing of the air-to-air gunnery mode in the FOF-5 Panther
included 89 flights completed in April 1954, during which the computer
operated for about 150 hours with no failures other than a defective diode.**
By the following year, Mk 16 systems had been installed in 20 squadrons, and
EX-16 was starting pilot production at NOPL.»

EvenasNOTS accomplished its goals for fire-control systems, station leaders
became unwilling participants in a long-festering struggle between BuAer and
BuOrd. Just as with the missile cognizance dispute, the increasing complexity
of the systems under development meant that a new level of cooperation or
consolidation was imperative. In spring 1952 the Naval Inspector General’s
office found that China Lakers working on fire-control systems were not as
familiar as they needed to be with the design characteristics of the BuAer aircraft
on which these systems could be used. “In view of the fact that a fire-control
radar and an airplane must be designed as a complete system,” the auditors
said, “close liaison between the NOTS technical staff and aircraft designers, via
BuOrd and BuAer, is mandatory.”# The station responded that a direct liaison
with BuAer, plus “very good liaison direct with the aircraft designer,” would
help and that “improvement in exchange of information between NOTS and
BuAer is highly desired by this Command.”*

According to then-Captain Paul D. “P. D.” Stroop (later a vice admiral),
who became deputy chief of BuOrd in December 1954, the BuAer and BuOrd
chiefs met for about a year and a half “trying to resolve just this one problem
of fire control, and it never was resolved.” Stroop commented further that the
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dispute was one of the problems that later motivated Under Secretary of the
Navy William Franke to recommend that the two bureaus be combined.*

One attempt to resolve the problem came in 1956 when an internal Navy
realignment gave BuOrd complete responsibility for solid-propellant rocket
motors, with BuAer receiving complete responsibility for aviation fire-control
equipment. As part of this realignment, NOPI became the Naval Avionics
Facility, Indianapolis (NAFI), and further development of EX-16 was turned
over to NAFI, a BuAer organization. However, as McLean commented during
the height of the dispute, “No one is able to answer the question as to where the
Navy will get fire-control equipment if NOTS is not in this kind of business.
There is some indication that the BuAer would like to use NOTS as a contractor
for the production and test of fire control systems.”*

That prediction proved to be accurate, and over the ensuing years, the
station’s fire-control work evolved to take advantage of increasingly sophisticated
technology and to meet the needs of BuAer and its successors. China Lake’s
solid accomplishments in avionics hardware and software during the era of
the Vietnam conflict evolved to today’s sophisticated avionics suites—direct
descendents of the bomb directors and fire-control systems developed by AOD
engineers in Michelson Lab.

Renewed Work on Fuzes

With each new rocket NOTS developed, a new or redesigned fuze was also
necessary. In the station’s first years, it had worked on all aspects of rockets,
including fuzes—a complete-system responsibility that the desert mavericks
much preferred to the practice elsewhere of assigning individual components
to the engineers, then finding out (sometimes too late for good results) whether
the components would work together. In early 1947, however, the bureau had
consolidated its fuze work at the Naval Ordnance Lab. From its turn-of-the-
century beginnings in the Washington Navy Yard as the Naval Gun Factory,
NOL had a proud history of fuze development. During World War II the
laboratory’s work had expanded into mines and countermines. In 1948 NOL
moved its base of operations to White Oak, Maryland, and added an expanded
aeroballistics test program in its supersonic wind tunnel.#

With these new responsibilities, NOL decided that its plate was too full for
it to provide the specialized fuze-development talent necessary to keep up with
the demands of the desert rocketeers.* In spring 1948 BuOrd asked China Lake
to develop a point-detonating fuze for the 2.75-Inch FFAR, Mighty Mouse.

But as much as station leaders wanted responsibility for developing the entire
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and looked at it and said, “Well, that’s not much.” Then they went around to

the back side, and the whole back skin was gone.?

When the Research Board got together in late 1949 to summarize the
technical program, the resulting report identified the Mk 176 success as “in line
with the general policy that responsibility for a weapon development should
include all components.” In an oblique reference to NOL, the report added
that “close liaison with agencies active in the development of rocket proximity
fuzes is considered to be imperative.”

The Mk 176, which entered mass production in 1952, provided evidence
that fuze-development work fitted well into the China Lake philosophy of
total-system development.®® NOTS had earned the right to develop its own
fuzes when the situation warranted it. Over the following decade, China Lake-
developed fuzes appeared in many of the station’s rockets.

Building a Better Mouse

As NOTS made gratifying progress in the fuze area, other components
of the new folding-fin rockets were also taking shape. By April 1949 NOTS
had nearly completed the experimental design of a 2.0-inch folding-fin rocket.
But with the outbreak of the Korean conflict, work on the 2.0-inch rocket was
suspended so that the station’s experts in small-caliber rockets could concentrate
on getting the 2.75-Inch FFAR ready for service use.* Design decisions for
Mighty Mouse were of necessity accompanied by extensive static and field
tests, as well as modification at one time or another of nearly every component
in the rocket.® Close communication was essential, involving laboratories,
test ranges, and specialists in simultaneous work on launcher, fuze, warhead,
propellant, and fire-control system.

The rocket required testing and checking to make sure tolerances stipulated
for the motor-tube manufacturers were being met with enough precision.
One area needing new definition was in the design of the small, but crucially
important, seals that protected the fragile rocket tube. Even with internal-
burning propellant, hot gas could—and sometimes did—break through seals
and weaken the aluminum tube, particularly at the nozzle end of the grain (the
extruded, shaped propellant charge) where the gas was hottest. The problem
occurred intermittently, but with a frequency that could not be ignored.

The aft end of the grain was no problem, since acceleration pushed that
end against the nozzle. But at the head end, the situation was different. Because
the extruded and inhibited propellant grain had to be small enough to allow it
to be pushed into the rocket after manufacture, the diameter of the grain had
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a test flight. Numerous neat holes, each 2.75 inches in diameter, in the China
Lake playa were evidence that such rockets were available—but retrieving them
was another matter. When a digging expedition finally retrieved a rocket, it
yielded immediate, obvious evidence of what had gone wrong. Unaware of the
purpose for the inserts, D&P engineers had instead stipulated machined ridges
and four small holes through which the gas would flow. The problem with that
solution, as Patton explained, was that “if you channel [the gas], you've got
yourself a very destructive device. . . . So here we had our four bulges—we used
to call them Kel’s cheeks!”s

With the little stools reinstated, the 2.75-Inch FFAR demonstrated
promise in subsequent tests. The time had come for the station to do what it
could to make sure a reliable rocket would come off the assembly line. Design
refinements made manufacture of the 2.75-Inch FFAR more difficult than that
of previous rockets, and both the Rocket Division and the D&P Department
studied every part of the rocket to simplify design, relax tolerances, find
substitute manufacturing methods and materials, and reduce the number and
complexity of components.

In August 1948 the station hosted a symposium requested by BuAer and
authorized by BuOrd. This meeting, the first of its type at NOTS, was designed
to acquaint aircraft manufacturers with the characteristics of the new rocket.
Autendees included representatives from Douglas Aircraft Company, Grumman
Aircraft Engineering Corporation, McDonnell Aircraft Corporation, North
American Aviation, Inc., and Lockheed Aircraft Corporation. The meeting
signaled the beginning of many such exchanges of information.»

The Navy intended Mighty Mouse to be a prime weapon against hostile
bombers, the primary nuclear threat before intercontinental ballistic missiles
became available. The Air Force also geared up to use Mighty Mouse on the
North American F-86D Sabrejet with a 24-round package that popped out of
its belly; the Northrop F-89D Scorpion, the nation’s biggest interceptor, with
104 rockets to be carried in two wingtip pods; and the Lockheed F-94C with
24 launch tubes that hinged out in the nose, plus two 12-round wing pods.

Station involvement during the production phase continued to be essential.
Patton remembered that one Lockheed ordnance designer, faced with venting
the hot rocket exhaust in the crowded nose area of the F-94C aircraft, decided,
despite the objections of the NOTS Rocket Department, to simply close the
rear of the rocket’s tube. “Photos of rockets emerging from the aircraft in
flight bore out our worst predictions—head over heels is an apt description,”
Patton said.* Jim Wiegand, who became head of the Explosives Department’s
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Propellants Division in 1949, said the station “had to put pressure on the
companies to produce a higher quality of tubing with closer tolerances.” At
the request of the BuOrd Manufacturing Division, NOTS engineers visited
metal-parts manufacturers, as well as the warhead and assembly facility at the
Naval Ammunition Depot at Shumaker, Arkansas. Experts at CLPP worked
even more directly with the Naval Powder Factory at Indian Head, Maryland,
to ensure formulation and manufacture of acceptable propellant grains.*

Such communication was doubly important, since changes in rocket design
required careful coordination with the developers of BuAer’s new interceptor
aircraft. Further pressure to hasten the manufacture of a standardized Mighty
Mouse came from the Air Force, which in June 1949 asked for an immediate
consignment of 3,500 rounds to conduct its own FFAR evaluation program. As
a consequence, in October BuOrd essentially froze the FFAR design, agreeing
to accommodate only a few minor changes.’” In November NOTS transmitted
project plans to BuOrd, and the following July experimental production of the
2.75-Inch Rocket Motor Mk 1 Mod 0 began.*

That transition to manufacture was “one hell of a stage,” according to
Patton. For the rocket to work reliably, manufacturers who understood the
need for care were crucial. The necessary limited gas flow could be achieved
only if the O-ring and lock-wire grooves machined into the steel of the nozzle
met precise tolerances. In the haste to produce the missile, however, the
bureau’s Manufacturing Division (Ma) hired a washing-machine company to
manufacture the nozzle. Patton remembered that an official at Ma told him
about watching a lathe operator at Easy Washing Machine:

[Tlhey were running these things on an automatic lathe, and they were

cutting these two grooves, and he said the guy was taking it out of the lathe

and tossing it into a steel tray. You could imagine what would happen to

these delicate groove edges, and the last thing you want in an O-ring is a

notch because that aims the gas right at one spot, and you're in trouble.

And the last thing our lock-ring grooves could stand was a dent so that you

couldn’t roll the lock wire in.?

Hack Wilson knew of the 2.75-inch rocket’s pre-production problems from
his perspective as an employee of Re2b, the Fuze Research Development Section
of BuOrd’s Ammunition Branch. He remembered thinking that “they just
threw the drawings and specifications for the 2.75 over the fence.” In Wilson’s
opinion, such actions delayed production of Mighty Mouse by at least two years
when the dismal results of proof firings led to a second cycle of development,
beginning in early 1950.% China Lake would encounter ill-informed design
and production decisions numerous times over the years to come, with NOTS
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and its successors called in to fix flaws that would not have occurred if in-house
production engineers had issued the initial specifications.*'

Propellant Innovations

Transition to 2.75-Inch FFAR production revealed persistent problems with
the propellant grain. To correct these problems, NOTS propellant developers
experimented with new formulations at the station’s new CLPP propellant
manufacturing plant. At first H-9, a relatively cool, slow-burning propellant,
seemed excellent, but under extended storage, nitroglycerin and the stabilizer
DPA reacted to give off gaseous products in such quantity that internal cracking
destroyed the structural integrity of the charge. Again the Chemistry Division
demonstrated the benefits of close teamwork as Ernsberger demonstrated
that replacing DPA with a decomposition product from DPA’s reaction with
nitroglycerin would lower the rate of gas production enough to eliminate the
cracking.®? Experiments showed that the best alternative involved a chemical
discovered by Dr. Linus Pauling in experimental laboratory studies at Caltech
during World War II. Station employees began formulating, developing, and
testing propellants designed for a shelf life of at least 36 months.®*

In exactly six months China Lake chemists and propellant engineers had
evaluated the initial 1,000-pound lots of N-4 made at Picatinny Arsenal and
had extruded and inhibited test grains for the FFAR. By July 1950 the Naval
Powder Factory, working closely with NOTS on all aspects of pilot production,
evaluation, and control, had processed the new propellant into grains and test-
fired them. Production at the Radford Arsenal began in late 1950, with the
Sunflower Ordnance Works at Lawrence, Kansas, subsequently also producing
N-4 grains. The grains saw their first use in service rounds in mid-1951. That
rapid development could not have happened without the station’s new small-
scale propellant-development facilities.*

By the closing months of 1950, most N-4 specification problems had
been solved, and NOTS propellant researchers and developers turned their
attention to other propellants. In late 1950, the first 250 rounds of the
2.75-Inch FFAR, incorporating N-4 grains, were manufactured at the Naval
Ordnance Plant, Forest Park, Illinois.®® China Lake propellant developers
began to study a perplexing problem, the solution of which had the potential
to greatly improve the performance of all solid-propelled rockets.

Because rocket performance was dependent on propellant temperature
at the time of ignition, performance could be predicted only if that
temperature could be controlled. Solid propellants were inherently poor
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temperature variations. Work leading to the development of plateau- and
mesa-burning propellants (so called because logarithmic plots of burning rates
against pressure resembled desert tablelands in profile) began in the Chemistry
Division, where Dr. Bill McEwan conducted burning-rate studies, which he
termed “an absolute necessity for designing solid-propellant rocket motors.”
Through a study of the burning rate of fine filaments of different metals, he
showed that the rate went up in proportion to the thermal conductivity of the
metal. That meant that the burning rate of a propellant could be increased by
putting aluminum wires in it.

Those findings led to the possibility of a propellant that would have a
very high burning rate combined with relatively low temperature sensitivity.
Exceptions to this observation explained mesa and plateau phenomena in
propellants and opened up a whole new field of double-base propellants. “This
was a very valuable adjunct to the science of propellants,” McEwan commented
later. “With mesa propellants, we could make the burning rate of the propellant
and hence the ballistics of the rocket independent of temperature changes.”

The December 1950 arrival on the desert of Albert T. Camp brought
new brainpower to bear on the problem. Already a recognized authority in
the propellant field, Al Camp had a background in research chemistry and
safety and production engineering, as well as seven years experience as a rocket-
propellant engineer for Hercules Powder Company and the Allegheny Ballistics
Laboratory. The station’s success in recruiting Camp could be partially explained
by the dry climate his daughter’s health needed. Whatever his reasons for hiring
on, the team working on the temperature-control problem greeted his arrival
jubilantly. He set to work applying a variety of ballistic modifiers (materials that
controlled the ballistic properties of propellants and reduced their temperature
sensitivity) to mesa-burning propellants and soon formulated the promising
new propellant designated N-5.

The N-5 program showed, as did so many others, the desirability of having
laboratory, testing, and experimental production facilities near one another.
The immediate availability of the laboratory-scale manufacturing facility meant
that as soon as Camp came up with the formulation for N-5, CLPP could begin
turning out small batches. Small-scale development began in March 1951, and
free-flight testing in the 2.75-Inch FFAR followed almost simultaneously.

The new propellant had a burning rate that increased with pressure at
first, then stopped increasing, actually decreased, and finally increased again.
Moreover, N-5 could be directly substituted for its predecessor in existing rocket
motors. Most remarkable, in Wiegand’s words, was that there was “no change
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in operating pressure from about 0°F to 100°F, a truly amazing development.”
This temperature insensitivity would allow an aircraft carrying FFARs to “leave
off the temperature correction in the ballistic fire-control system, thus saving
weight, reducing complexity, and improving accuracy.” Tests of N-5 in the
2.75-inch rocket showed the superiority of the new formulation.¢

By fall 1952 the N-5 development program was considered complete,
and a new grain (Mk 43) of N-5 propellant for the 2.75-Inch FFAR proved
so promising that the station asked for an almost immediate changeover to
the grain in production facilities across the country.® A subsequent NOTS
publication pointed proudly to the development of N-5 as “from the ballistics
point of view the most significant accomplishment made on propellants for
unguided rockets since the end of the war” and “the first really practical and
worthwhile replacement for JPN to come out of any development work.””

NOTS on the Eve of the Korean Conflict

This chapter merely hints at the array of projects under development at
NOTS at mid-century. Rockets, fire-control systems, propellants, fuzes, and
other products were making their way to the fleet with satisfactory frequency.
During late 1949 and early 1950, however, a truncated budget, labor shortages,
even a reduction-in-force necessitated abandoning some projects and refusing
to begin others. As a 1949 article describing the station pointed out, “The full
impact of its work has not yet been felt throughout the service; many of the
naval weapons of the future are its research projects today.””"

Despite budget and workforce limitations, the smart military-civilian team
on the desert never stopped working on the weapons of the future, and when

events on the Korean peninsula called for rapid production to meet the needs
of war, NOTS was ready.
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Navy and Marine Corps ordnancemen loading Holy Moses rockets and napalm on
F4U-4B Corsair fighter-bombers on the deck of Badoeng Strait (CVE-116)
during operations off Korea, December 1950.

U.S. Navy photo NH 97059, courtesy Naval Historical Center
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Cold War Turned Hot

When the 1950—1953 conflict in Korea required new and improved weapons on
a ‘crash” basis, the Naval Ordnance Test Station responded with new aerial rockets,
launchers, and associated fire-control systems. Within days after U.S. involvement
began, NOTS plunged into development of the 6.5-Inch Antitank Aircraft Rocket
(ATAR) for use against heavily armored Communist tanks. China Lake conceived,
built, tested, and shipped the first of these rockets to the battlefield in less than a
month. Employees also worked at a furious pace on improved-performance versions
of the 5.0-Inch High-Velocity Aircraft Rocket (Holy Moses) and other related
rockets. Late in the conflict, Navy pilots began using the NOTS-developed 2.75-
Inch FFAR, a small, reliable rocket that became a standard ground-attack weapon
in Korea and in subsequent conflicts to this day.

A New Kind of War

Hostilities in Korea erupted at 4 a.m., 25 June 1950, with a barrage of
North Korean artillery fire across the 38th parallel. In the days that followed,
six well-equipped North Korean divisions marched southward through Seoul
and beyond, accompanied by a hundred Soviet-made T-34 and T-70 tanks and
supported by Soviet-provided aircraft. These events astonished the Western
nations, but surprised the South Koreans only by their intensity. Guerrilla
skirmishes initiated from the north had been going on for more than two years
and had become more conspicuous since the U.S. had withdrawn in July 1949
from a four-year occupation of South Korea.

America’s leaders were convinced by the sheer force of the North Korean
drive that the Communists had issued a challenge that must be answered. The
task would be difficult, since the United States was ill prepared for a major
conventional war in terms of both moral climate and appropriate armament.
The Truman administration had responded to the public’s desire to hold the
line on defense spending by focusing on nuclear retaliatory capacity at the
expense of the resources needed for conventional warfare. Only two days before
the conflict began, Secretary of Defense Louis A. Johnson was pushing the
military services to cut another billion dollars from the next year’s budget. On
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that fateful 25 June, the U.S. Navy’s entire air presence in the vicinity of Korea
consisted of two PBMs at Yokosuka, Japan. One carrier, Valley Forge (CV-45),
with Carrier Air Group 5 on board, and one squadron of medium seaplanes
were in the Philippines. The other services were similarly unprepared.!

Nevertheless, once the North Korean offensive began, the Truman
administration worked rapidly and effectively to orchestrate U.S. actions and
solicit a response from the United Nations. “The attack upon Korea makes it
plain beyond all doubt that Communism has passed beyond the use of subversion
to conquer independent nations and will now use armed invasion and war,” the
President said.2 He ordered U.S. air and sea forces to support the South Korean
resistance effort. During the two weeks following the 25 June attack, the U.N.
Security Council called for North Korea to withdraw to the 38th parallel and
recommended that the U.N. help the South Korean resistance under a unified
command flying the U.N. flag. Sixteen nations eventually joined the combat in
Korea, with the major burden of combat resting on American shoulders.

Thus the United States was once again at war—but in a strange new type
of armed conflict in which no participating country officially declared war
and in which both sides observed self-policed rules of limited warfare in the
atomic age. For America and its U.N. allies, these limitations also included an
understanding that the inviolability of existing borders would be observed.

In the early days of the Korean conflict, the Western allies shared the simple
objective of restoring peace along the existing border, an arbitrary division of
the country that had occurred along the 38th parallel at the end of World
War II. Although the allies had intended the parallel to be a dividing line in
name only, it had become much more significant with the establishment of
separate North and South Korean governments, with the Soviets rigorously
controlling passage across the parallel.> The U.S. later adopted the larger
objective of unifying the two Koreas. The American fear was that allowing the
Communists to succeed in Korea would mean subsequent Soviet expansion in
other areas of the globe. The battle-weary NATO allies, particularly the British,
feared a wider war and kept pressure on America to bring hostilities to a swift
conclusion. But, as General of the Army Omar N. Bradley, chairman of the
Joint Chiefs of Staff, had predicted from the start, the Korean conflict became
a “long pull.” In the end, neither side surrendered and both accepted a truce
line that closely approximated the prewar status quo.*

Looking back on the course of the conflict, Lieutenant General James
M. Gavin, one of the original members of the Weapons Systems Evaluation

Group, observed that the U.S. “had neglected to develop and provide the
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technical means of winning anything but a total war, a total nuclear war. And
Korea was not that kind of a war, nor were we willing to make it that kind of
a war.” Bradley made the point more succinctly: seeking total victory in Korea
would commit American resources to “the wrong war, at the wrong place, at
the wrong time, and with the wrong enemy.”

The reality of war in Korea reinforced the strategic view that had been
outlined in the influential policy paper NSC 68. Many questions remained
unanswered on specific programs and costs; nevertheless, President Truman
approved NSC 68 as a statement of policy three months after war began in
Korea. Thus the administration could legitimately claim that increases in
defense spending were being guided by a long-range plan that had been drafted
before the war. More to the point, the Korean conflict offered harsh validation
of NSC 68’s assumptions that the U.S. needed to build up its military might
to counter Communist aggression.

The appropriations committees of both houses of Congress met in
almost continuous session for the year following the conflict’s outbreak,
and an outpouring of more than $48 billion to the Defense Department
in the form of supplemental appropriations was the result. This higher level
of support continued, with Congress quadrupling the Navy’s obligational
authority from $4 billion to $16 billion between fiscal years 1950 and 1952.
Although the main emphasis was on building up European defenses, the
Truman administration interpreted the Korean experience as part of a broader
Communist threat and strengthened the American military presence in the
Philippines and Indochina.

Interestingly, although the additional funding that became available for
NOTS and other defense R&D organizations supported a temporary expansion
in development programs in rocketry and munitions for conventional warfare,
in the longer term, the increased funding went mainly to strengthen the U.S.
strategic nuclear striking forces.¢

Quick Response From China Lake

Over the course of the Korean conflict, the station demonstrated the validity
of its function as a complete RDT&E center by providing rapid, practical
support as needed. The war’s immediate effect on the Navy's desert lab was
in a renewed demand for the air-launched rockets and associated fire-control
systems that were China Lake’s major products. Station employees worked
at a furious pace on improved small- and medium-caliber rockets, including

a folding-fin version of the 5.0-Inch HPAG Rocket. The pace accelerated at
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the Pasadena Annex too, where reliable torpedoes to attack submarines were
urgently needed.

As new work and intensified demands on existing projects poured in, a
sorely needed change in civilian employee hiring regulations gave the station
new hope in recruitment. By mid-July, in response to an “immediate and
urgent need for employment of personnel in connection with the Mutual
Defense Assistance Program (Korea),” the Civil Service Commission
authorized NOTS to make temporary job appointments “without regard to
Civil Service registers.”

Professional recruits were desperately needed, since employees all over the
station were working unreasonably long hours to meet the deadline for an
antitank rocket scheduled to be shipped to Korea later that month. BuOrd
authorized an additional 200 civilian employees in July, another 175 in
September, and another 75 in October. By mid-1952, the station’s civilian staff
numbered more than 5,500.3

The recruitment program could easily be undermined if it coincided with
a draft or callbacks to active reserve duty for those already working at NOTS.
The reserve problem was not insignificant; about 100 of the station’s most
highly trained civilian employees were officers in the naval reserve and about 50
were reserve officers in other services.” Vieweg and the NOTS personnel staff
worked hard to keep the talent at home where it could be used most effectively
in support of the war effort. When Vieweg could make a case that a reservist
possessed unique scientific and engineering talents, he could frequently gain a
deferment. When an employee’s skills were of a more general nature, however,
the commander was often unsuccessful in his argument that the difhculty of
recruiting, obtaining security clearances for, and training the personnel needed
to support NOTS’ important wartime work made it “essential that competent
persons be retained, whether in civilian or military status.”*

The competitive job market for critically needed occupations caused other
frustrations. One tough job to fill was that of engineering draftsman. With
defense mobilization causing a shortage of draftsmen everywhere, NOTS had
to get in line behind industrial organizations that could promise more pay and
more desirable living conditions. But China Lake’s fabled can-do attitude was
not confined to technical work. After someone in the Personnel Department
suggested that NOTS could tap a reservoir of local talent to grow its own
draftsmen, the station set up an intensive course of study for 22 local women,
then assigned them to drafting boards. A June 1951 Rocketeer headline summed
up the experience: “Housewife to Draftsman In Only Twelve Weeks.™"!
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dawn on 3 July 1950, Valley Forge catapulted 16 F4U Corsairs, a dozen bomb-
laden AD Skyraiders, and eight FOF-2 Panthers into the skies over the Yellow
Sea. Eight HVARs rode on their individual launchers under the wings of each
Corsair. The target was the airfield at Pyongyang, capitol of North Korea. The
bomb and rocket damage sustained in this strike (two North Korean aircraft
destroyed in the air and nine on the ground) was no doubt less significant than
the psychological impact the Panthers, the first jet fighters used by the U.S.
Navy in combat, had on the other side.’

Holy Moses was a literal “smash hit” in another early strike on North
Korea. Panthers from Air Group 5 of Valley Forge flying a reconnaissance arc
over North Koreas craggy northeast coast spotted an oil refinery on the curving
south shore of Wonsan’s harbor. The Wonsan Oil Refining Factory was an
important target because it produced about 500 tons of refined petroleum
products daily for its Korean and Russian proprietors. On 18 July 1950,
“Happy Valley” launched 10 Corsairs, each carrying eight HVARs and 20mm
ammunition; and 11 Skyraiders, each carrying two HVARs, a 1,000-pound
bomb, and a 500-pound bomb.

After the Corsairs rocketed the storage and cracking facilities, the Skyraiders
completed the destruction with a pattern of bombs. The demolished refinery
took four days to burn itself out in a black column of smoke visible (and useful
as a navigation aid) from 60 miles away.'s

As the long summer wore on into fall, North Korean pressure on Pusan was
unrelenting. Determined ground troops, supported by naval firepower, held
fast. That September the rockets that had first been air-fired at NOTS again
proved their worth when General of the Army Douglas MacArthur established
a second front in an amphibious assault on Inchon, a swampy port on the
Yellow Sea 18 miles west of Seoul and only 35 miles south of the 38th parallel.
The success of the Inchon assault depended on conquering a series of offshore
islands, in particular Wolmi-do, an unimpressive lump of land rising 350 feet
above the surrounding mudflats. The JCS had been resistant to MacArthur’s
Inchon venture, but so confident was he of success that on 13 September a
flagship full of dignitaries and members of the press arrived offshore to enjoy
the show. Among this throng was Dr. Charles Lauritsen.

As Corsairs rocketed the harbor with HVARs, Lauritsen was proud to
witness results from the Caltech rockets that had been developed and tested
at the Navy lab he had been instrumental in establishing. In his words, the
HVARs “plastered Inchon and especially the little island in the harbor there,
Wolmi-do, they just practically wiped it out.” He was also thrilled to learn
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NOTS 872, Rocket Department Technical Appraisal

The 5.0-Inch High-Velocity Aircraft Rocket “Holy Moses.”

Pigtails could break loose and whip around in the airstream, causing misfires
and aircraft skin damage. The host aircraft could also be damaged by igniter
wires and nozzle seals ejected as the rocket fired.?

Insufficient training added to HVAR’s woes. “It was evident from
observations of the squadron armament lines that immediate training was
absolutely essential since almost all types of dangerous and damaging practices
were being committed,” reported Stanley J. “Stan” Marcus, the first NOTS
engineer to visit the front. “Two fatal accidents had already occurred and the
pilots were complaining of a very large percentage of rockets which had erratic
trajectories.”?'

More than a year later, when Patton took a turn as a technical observer in
Korea, the pilots were still unhappy with HVAR performance, and poor training
was still a major part of the problem. Patton was puzzled about complaints that
the rockets “went all over the sky.” After observing an ordnance technician
assembling the rockets, he had his answer:

[T]he ordnance guy would take the fins and bend them down so he could

tighten the screws with a speed wrench and then bend them back up again.

I said to the ordnance officer, “It’s not hard to understand why you're having

dispersion problems. Treat the rounds like that! After all, that’s what the fins are
on there for, to make it go straight."*

Despite these shortcomings, though, until China Lake rocket scientists
could field more promising rockets, Holy Moses would be the “bird in the
hand.” So extensively was HVAR used in Korea that the massive stockpiles of
rounds left over from World War II were rapidly expended, and the bureau
began new production.” In the meantime, NOTS worked overtime to come
up with alternatives.
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Tank-Buster Needed

When word came from the front in July 1950 that rockets were urgently
needed to penetrate North Korea’s heavily armored Russian-built tanks, the
entire station pitched in to meet the need. In an amazingly short time—less
than a month—the 6.5-Inch Antitank Aircraft Rocket (ATAR) was designed,
constructed, and tested at NOTS; the first 600 rockets were hand-built at China
Lake and Pasadena; and the first planeload of rockets was on its way to Korea.
Somewhere along the way, BuOrd officials gave the rocket an appropriate
nickname—Ram. For folks at NOTS, the tank-buster was “the shaped charge”
in reference to the rocket’s shaped-charge warhead, which could project a
powerful jet of molten metal to punch a hole through the stoutest armor plate
a tank could conceivably carry.

Here was a project that could be accomplished only in a place that possessed
all the resources and talents necessary to carry the project through from idea to
reality. Given the opportunity to show the world what technical competence
could accomplish, China Lake and Pasadena employees from every department
worked long, productive days to complete the task.

Although the crucial month for Ram was July 1950, the station’s
involvement with shaped charges had started back in 1947, with a short-
lived, low-priority program to develop an 11.75-inch-diameter shaped-charge
warhead for China Lake’s World War II bunker-buster, Tiny Tim.* In 1949
Explosives Department employee Ted Parker performed a new series of
experiments that confirmed that a powerful antitank rocket could be made
from a shaped-charge head affixed to one of the NOTS family of rockets.
In late 1949 the Research Board recommended continuing work on shaped
charges. Thompson subsequently sold BuOrd authorities on the concept. But
the tight defense budget of the era meant that money was not available for the
development of a good idea for which no critical need existed.

That need arrived only days after the Korean war erupted when Secretary of
Defense Johnson received information from the front that massive JS-3 (Joseph
Stalin) tanks were en route from Russia to North Korea on the Trans-Siberian
Railway. This news was worrisome, since bazooka shells and aerial rockets
were reportedly unable to pierce the JS-3’s thick steel shell. Bazooka shells
themselves employed shaped charges and had been used as antitank weapons
during World War II, but new, more rapid fuzing was required to adapt shaped
charges for use in high-velocity aircraft rockets.** On 4 July 1950, Johnson
asked the Research and Development Board if the defense establishment had a
shell that would work against the North Korean tanks. Getting the answer that
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such a shell existed, but “only on the drawing board,” Johnson demanded that
this new weapon be produced and shipped to Korea by 4 August.”

NOTS owned that drawing board, and BuOrd wasted no time in passing
along the urgent task. On 6 July China Lake was ofhcially assigned the project.
Thompson immediately established a task group, giving Commander Levering
Smith, acting head of the Rockets and Explosives Department, overall
responsibility. Smith delegated project supervision to Ellis, head of Rocket
Ordnance, who in turn enlisted Patton, head of the Ordnance Branch. Patton
needed to keep his own efforts focused on development of the 2.75-Inch FFAR
and other high-priority tasks, so he assigned day-to-day management of the
new rocket to Stan Marcus, his “red-hot, get-it-done guy.”® To Rod McClung
was given the task of developing a specialized fuze for the rocket. As head of
the Special Devices Branch, McClung ordinarily supervised the work of others,
but for this “crash” project he took on the fuze design himself.

The group decided to use the 5.0-Inch HVAR for the rocket body. The
idea of mounting a new shaped-charge head on this battle-proven rocket
made sense: tests of the rocket itself could be curtailed, since important parts
of the system had already been proven effective. Guy Throner, head of the
Test Department’s Ordnance Service Branch, had responsibility for warhead
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The 6.5-Inch Antitank Antiaircraft Rocket Ram or “the shaped charge.”
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development. The self-assured Throner was so expert with explosives, the story
went, that he could write your name—or preferably his own—on a sheet of
steel with explosives.?? His expertise would be invaluable for the work on the
new warhead.

The word from the bureau was that the armor plate to be penetrated was
18 inches thick. Conjuring up a mental picture of the stout tank necessary to
carry armor plate of that thickness, the task group gulped, factored in an angle
of obliquity to account for the angle at which the rocket would strike the tank
and for the slope of the armor, and concluded that the new rocket’s warhead
would have to be capable of punching a hole through 24 inches of armor
plate. Throner ventured the opinion that a shaped charge of at least 6 inches
in diameter would be needed to penetrate armor that thick. “Well, go do it,”
Thompson told him.*

Work on ATAR involved virtually the entire station, cutting across all
department lines and going on around the clock for seven days a week. Ellis set
the example, asking no more of the rest of the team than he asked of himself.
“I remember that we all got together and convinced Dr. Ellis that it was the
decent thing to do to take at least a day off when his mother died, so he agreed
to go home and grieve for his mother, except that he was back on the job 4
hours later,” recalled McClung.*’ Thompson himself was also on hand at all
hours. “I went through the shops here at night and talked to the people in the
various parts of the laboratory, and there was a spark there that is just precious
beyond any measure,” he later told senior employees.*

A critical part of the project was the fuze, which would have to function at
the precise moment needed, since the effectiveness of the shaped charge would
depend on detonation of the warhead at the proper standoff distance. McClung
started with a simple electric contact fuze, then modified it with a capacitor
charged by a battery and wired to an igniter in the base of the warhead. He and
his helpers got the job done in a hurry by buying out Ridgecrest’s entire stock
of spring clothespins and hearing-aid batteries and adapting these mundane
items to the task. The makeshift device worked well but lacked the safety
features a fuze would ordinarily have. McClung called this fuze “probably the
most dangerous piece of ordnance that was ever sent to the field,” but added
that “The Rams weren’t as dangerous as the Russian tanks, so we were willing
to take the risk with them, and, as far as I know, none of the Rams ever blew
an airplane out of the sky.”

Once the fuze was designed, it needed to be manufactured. Employees with
other jobs during the day became willing workers on a nighttime fuze assembly
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line that stretched down the 762-
footlength of Michelson Lab’s main
corridor and snaked around into
one of the side corridors. Engineers,
administrators, and secretaries—
anyone who could hold a soldering
gun—opitched in to get the job
done. McClung remembered that
Dr. John H. Shenk, head of the
Research Department, worked so
intensely at the fuze-assembly task
that he “wound up with blisters
on blisters.”® At the end of each
long evening’s work a pallet-load
of completed fuzes was ready for
delivery to CLPP for assembly
of fuzes and warheads into the
rockets. The last job each night was
to tear the production line down
so that the corridors were free for daytime use. The next evening gray metal
conference tables would again line the hall, ready for that night’s work.*

In the meantime, Ballistics Division employees were making rapid
calculations to determine whether rigging a shaped-charge head on an HVAR
body would result in a rocket that would fly and hit its target. Leroy Riggs, a
fresh-faced ballistician then barely into his second year of work at NOTS, was
assigned the task of coordinating the fabrication and test of dummy warheads.
At Riggs’ request the Public Works Carpentry Shop fabricated a batch of hollow
wooden cones, each 6.5 inches in diameter. As each cone came off the turning
lathe, it was bolted to the outside of a standard steel HVAR head that was
loaded with lead to accommodate for the change in the center of gravity.”

As soon as the dummy rockets were ready, Lieutenant (j.g.) Newton L.
Wheat took them up over B Range on his F4U-4 Corsair for the first dozen test
flights. Each flight involved firing a pair of rockets simultaneously, one from
each wing of the aircraft, with a given dive angle, airspeed, and slant range.*
Cameras mounted on the aircraft and Askania cinetheodolites documented
these firings, thus allowing the ballisticians to calculate flight tables. These
tables, which gave information on the lead angles for every range and speed,
were an essential part of the development task because the pilots destined to use

Roderick M. “Rod” McClung at an Aviation
Ordnance Department Christmas party.
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One of the workers swept up in the
whirlpool of warhead testing activity at
the 1,500-foot launcher rails of the K-
2 Terminal Ballistics Range was Hack
Wilson, a new employee Throner had
recruited from Re2b. Hack and Jane
Wilson had been en route to China
Lake when the Korean conflict began,
and their arrival on the desert coincided
with the most harried phase of the
ATAR work.
Instead of the desk job in Central
Staff that he expected, Wilson began
working on ATAR tests from the
moment he set down his suitcases. The
darkness of night provided the best
Haskell G. “Hack” Wilson. photographic backdrop for studying
the jet effect of the shaped charge, and
daylight hours were occupied with hasty preparations for the next night’s test.
As Wilson remembered, “Every night was test night, and after the tests were
run that night, everybody knew what we had to do before the next night.”®
The normally imperturbable Jane Wilson admitted to a few worries when her
husband simply disappeared, leaving her and two young daughters alone in a
strange community.*!

To obtain the best possible shaped-charge performance, the NOTS team
decided to use an explosive lens to control the initiation of the main charge.
Modifying a lens was no problem for the experienced workers at Salt Wells, who
could apply expertise they acquired in wartime work on explosive components
for the first atom bombs. By 1950, as Levering Smith commented dryly, “we
knew quite well how to design that lens.” The team used 6-inch steel pipe for
the charge case. Although the pipe was somewhat heavier than needed, it had
the telling advantage of being available. A similar practical concern motivated
selection of the metal for the charge. “We didn’t have copper to make the
conventional cone, so we decided to try steel,” Smith recalled.*

As soon as the first hurried tests showed that the warhead’s design would
work, employees at the China Lake and Foothill Plant machine shops swiftly
fabricated steel warhead shapes, which were then delivered to CLPP by truck.
The all-volunteer team of ordnancemen putting the shaped-charge components
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Troubleshooting in Korea

When the ATAR-laden cargo aircraft lumbered up out of China Lake
that 29 July, Marcus was in the hold of one of the planes, perched atop the
rocket crates. A 24-hour delay in Alaska allowed the precious ATAR warheads
to be redistributed for security’s sake. On the next leg of the trip Marcus rode
somewhat more comfortably with half the heads on a commercial cargo plane,
while Major Joseph S. Restifo, USAF, accompanied the other half on a separate
route on an Air Force plane. At their destination Marcus and Restifo began
introducing the new weapon to the Far East Air Forces.

Marcus first briefed representatives of the 8th Fighter-Bomber Wing, 5th
Air Force, at Itazuke Air Base in Japan, then flew on to Korea to visit the 39th
and 40th Fighter Squadrons at Pohang. When the action at Pohang heated up,
he was evacuated to Tsuki and Sasebo, Japan. At every stop he preached the
advantages of the new antitank weapon. To his surprise, he encountered mixed
reactions. At Itazuke he discovered that F-80 pilots resisted using their limited
weapons stowage space for rockets seen as useful only against tanks. The F-51
fighter pilots based at Pohang were more receptive, however, since their slower
propeller-driven aircraft were located close to the actual combat operations and
thus could afford to carry more weapons and less fuel than could the F-80s.

“Since the United Nations forces were definitely on the defensive,
collection of even the primary kill data was very difficult, not to mention
detailed information on the individual firings,” Marcus reported glumly.
His attempts to use gun cameras to record the range and dive angle of the
firings were frustrated because no film was available. “The only worthwhile
information to be secured was obtained through individual interrogations of
the pilots, and since the squadron bases were shifted at several times and the
rounds were being carried from at least two bases, even these data were difficult
to obtain,” he said. Nevertheless, he was able to report the first successful use
of Ram in battle:

After compiling all the information possible under the adverse combat

conditions, it appeared that about four enemy tanks were killed by the use

of about 80 rounds fired from F-51 aircraft based at Pohang and Itazuke Air

Base. The best data emanating from Taegu and Ashiya Air Base using about 70

rockets under the cognizance of Major Restifo, indicated that about four or

five more sure kills were credited. Thus, it appears that at least eight tanks were
credited to about 150 rounds.

Combeat pilots reported that they could not see the initial explosion at
impact, but that after a short delay the target tank would explode, with little
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flame but voluminous black smoke. Marcus speculated that fuel and ammunition
fires inside the tank were responsible for these invariable secondary explosions.
The rocket functioned as designed—when it scored a hit.

China Lakers welcomed the news. Marcus also passed along disconcerting
information obtained in his meeting with the commanding officer of the 8th
Fighter-Bomber Wing. Earlier reported ricochets of 5.0-Inch HVARs fired
at tanks “were probably considerably fewer than reported and possibly even
non-existent.” Furthermore, “Very few, if any, JS-3 (57 ton) tanks have been
observed in Korea.” Not only was it likely that the presence of heavily armored
Joseph Stalin tanks was apocryphal, but it also appeared that rockets already in
use might be able to do the job against the existing tank threat.

Clearly one of the lessons to be learned from the Ram experience was the
importance of direct communication between a weapon’s developers and its
users. Furthermore, the usefulness of sending technical advisors out among
the operating forces rapidly became evident, not just because Marcus was
there to advise on Ram’s use, but primarily because he found “all types of
dangerous and damaging practices” in squadron armament lines handling the
5.0-Inch HVAR. He had started out with one goal in mind—the introduction
of Ram—but he soon discovered that his first job must be to give the operating
forces whatever technical assistance they needed to meet the exigencies of war.
Consequently, during the month he and Restifo were in Korea, they spent
much of their time helping the Air Force train armament personnel in HVAR
assembly and loading procedures.*

Similar experiences awaited Throner and Lieutenant Commander Richard
Brown, Commander Fighter Air, Alameda, who arrived in Japan mere days
after Marcus and Restifo. If the first shipment of ATAR heads had taken a
rather roundabout route to reach Korea, this second load had an even more
tortuous journey. The rocket heads were sent first by cargo plane to Moffett
Field and reloaded onto two aircraft traveling to Barber’s Point, then onto one
aircraft for delivery to the Air Force base at Itazuke. The next leg of the journey,
a truck ride to Fleet Activities, Sasebo, was the most harrowing part of the trip.
Throner’s and Brown’s trip report commented wryly that “it is safe to say that
if a rocket can survive the truck trip to Sasebo, there should be very little worry
concerning its ability to stand rough handling in shipping boxes.”"

This second team spent about a month instructing Navy pilots on two
large aircraft carriers, Valley Forge and Philippine Sea (CV-47), as well as on
wwo smaller “jeep carriers,” Badoeng Strait and Sicily (CVE-118), all based at
Sasebo. At the same time Major Claude H. Welch, Marine Service Squadron
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12, concentrated on a parallel ATAR introduction effort for Marine Corps
pilots on board Sicily.*

During these early months of the war, as the North Koreans pushed the
allied forces south toward Pusan, the Air Force was forced to withdraw its
tactical aircraft from Korea and reposition them in Japan. Consequently, the
fuel-gulping Air Force jets had to sacrifice weapons for more fuel, and the Navy
and Marine squadrons’ ability to deliver ordnance from carriers floating just
off the Korean coast became critically important. When the NOTS visitors
arrived, the carriers were in the thick of the action. Operating with squadrons
of tough, old F4U Corsair fighter-bombers and newer AD Skyraider attack
aircraft (both of which were able to carry heavy loads of ordnance), the carriers
became mobile airfields replacing those on the ground that had been overrun
by the North Korean army.

Although Throner and Brown initially hoped to concentrate on convincing
Navy and Marine pilots to add Ram to the loads of armament with which their
aircraft lumbered off the carrier decks, the two China Lakers soon realized,
just as Marcus and Restifo had, that their mission would have to be expanded
to deal with more pressing problems. Every officer and enlisted man Throner
and Brown encountered hungered for more training on the entire arsenal.
Throner created a table designed to help the carrier pilots select bombs and
fuzes appropriate to their targets.*® Both men worked overtime to share their
rocket, bomb, and fuze knowledge with fleet personnel.

Brown and Throner reported that Ram functioned well, but that additional
ballistic studies and more adequate sighting data could improve its performance.
Echoing Marcus’ experience, this second team reported resistance to the new
weapon. The pilots didn't realize that the shaped-charge warhead could be used
against several other types of ground targets. “As presently used, the ATAR is
only loaded upon planes as a result of a direct call for anti-tank ordnance,”
Throner and Brown reported. “Unfortunately, there is rarely time to send
a special plane with a special load against a tank.” Welch picked up similar
information from Sicily’s Corsair squadron VMF-214, the famed “Black Sheep”
of World War II and the first Marine squadron in Korea.s!

Just as Marcus had, Throner and Brown reported numerous instances of
HVAR malfunctions. The carrier environment provided practical reinforcement
for the concept that weapons must be as simple and rugged as possible. Weapons
of choice, Throner and Brown observed, were 20mm guns and 100-pound
bombs. The guns were wearing out from overuse and being kept in operating
condition only by cannibalizing parts from damaged guns. As for the bombs,
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cases (standard Navy shell cases) taken home by Koreans, who adapted them
for cooking pots. Patton again urged more widespread use of ATAR.*

Ram’s mixed reception in Korea was not reflected in the press, where the
new rocket was reported as devastatingly effective. An F4U Corsair carrying
eight Rams had “a firepower greater than the broadside of a big, 2,200-ton
destroyer firing all 5-in. guns,” according to the Associated Press.*

The station also received welcome recognition through official channels.
Speculating that Ram’s “timely availability to our fighting forces may contribute
substantially to an early victory,” Secretary of the Navy Francis P Matthews
acknowledged that “the uniqueness of the existence at one geographical location
of the complete organization and facilities to support such a development” was
an important factor in this accomplishment. He also praised “the spontaneous
enthusiasm and aggressive determination of the personnel of the Naval Ordnance
Test Station and their willingness to work unusually extended periods of time
when necessary for the early accomplishment of this project at a critical stage
in the Korean situation.”s

An exact determination of the number of days—variously cited as 19,
23, 24, 28, or less than 30—that the station took to build and ship the
first rockets would depend on the date selected as the official beginning of
the project. In any case, the work was accomplished at a blazing speed and
through a remarkable demonstration of teamwork. “The contributions of the
groups responsible for this achievement have demonstrated the effectiveness,
resourcefulness and flexibility of the organization and have confirmed in an
effective manner the advantages of having in one place the complete facilities
of a development center,” Thompson said. “It is apparent that every part of the
organization, extending all of the way from the Research Department through
the test facilities and service departments has been involved, and was necessary
in accomplishing the result.”’

With the urgent need for a tank-buster met, the NOTS team had time to
investigatea nagging question thatlurked behind the developmentspecifications.
Bill McLean, for one, found it difficult to believe the Russian tanks had enough
power to move around on rough terrain carrying the thick armor that had been
reported to NOTS. “Upon investigation,” he said, “we found that the actual
armor of the tanks had a thickness of somewhere between 3 and 4 inches, and
that the specification given us had resulted from the correction for obliquity
having been made twice before, while the specification was coming through
channels.” As a result, NOTS had designed Ram to pack a much more powerful
punch than was actually needed. “It is this type of well-meant distortion that
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makes it essential for the designer to question his specifications and to go back
to primary sources in order to develop a real understanding of his problem and
the basis for the need, if he is to create a successful product,” McLean noted.*

More exact information about the nature of the target might have resulted
in additional economies of size and weight, but it is doubtful that these
differences in themselves would have improved the rocket’s reception in Korea.
Although ATAR worked considerably better than HVAR against tanks and
armored targets, the new rocket’s drawbacks did not endear it to pilots. To
deliver the rocket accurately, the pilot had to swoop low over his intended
target, which, as Hack Wilson said, “really meant that that tank had to be in
an undefended area.””

From the pilot’s perspective, if he had to risk bringing his plane in that low,
he had a more effective weapon in the gelatinous gasoline product, napalm. A
150-gallon napalm bomb dropped from as low as 200 feet generated a fireball
that incinerated everything within a 100-by-275-foot area, thus requiring far
less accuracy than that called for by ATAR or HVAR.%

Within the next few months about 5,000 additional ATAR rounds,
procured mainly from industrial sources, were shipped to Korea, and a more
carefully engineered version was developed for mass production by industry.*
In 1950-1951 the Thermador Electrical Manufacturing Company in Los
Angeles produced 65,000 additional Ram warheads under contract to BuOrd.
These Mk 2 Mod 0 prototype heads were lighter in weight (and thus closer in
weight to HVAR) than were the original Mk 1 Mod 0 heads. A safer fuze was
also incorporated. In late 1951 Thermador started work on 80,000 additional
heads, but this new contract was never completed.

Ram was removed from service in 1953, having been used only during
the Korean conflict and even there with relatively inconsequential results.
As Thompson suggested, however, the development of Ram was militarily
significant in that the rocket showed that aircraft-projected weapons could
defeat the heaviest mechanized land armor. “This demonstration by the
combined air arms of the United States military establishment may be more
important, in the end, than the destruction of a certain number of tanks in
Korea,” he wrote.®?

A New Rocket for a New Type of Warfare

Once ATAR went to war, China Lakers worked scarcely less obsessively on
other rocket projects, in particular a small, reliable rocket destined to become
a standard ground-attack weapon in Korea and in subsequent battles to this
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day. The 2.75-Inch FFAR, Mighty Mouse, had been designed for “shotgun”
salvo firings from interceptor aircraft against hostile bombers. But Navy pilots
reported that large-scale air strikes, effective in World War II, were seldom
appropriate in Korea. Instead, carrier pilots were flying more than half their
offensive sorties in armed reconnaissance to disrupt enemy supply lines. The
two to four aircraft in a usual sortie would seek out and destroy targets along 20
to 70 miles of highways and railroads. When several innocuous-looking North
Korean ox carts vaporized as hidden loads of ammunition exploded under
allied fire, pilots stopped complaining that carts were undignified targets.®?

In January 1951 carrier-based Task Force 77 off Korea’s east coast began
working to cut off the northeastern supply network of rail lines and roads as
part of a concerted Navy, Air Force, and Marine interdiction effort.* In the 20-
month campaign against enemy supply lines, more than 13,000 breaks were
made in rail tracks, and 500 bridges and 300 bridge bypasses were destroyed
in northeastern Korea. As rapidly as the pilots bombed and rocketed tunnels,
bridges, roads, and rail tracks, however, the Communists methodically filled
in, rebuilt, or simply walked around the damage.®* The interdiction efforts, as
wide-ranging and destructive as they were, could do little more than slow the
movement of enemy supplies through Korea’s steep, twisted valleys. “Operation
Strangle,” a June-September 1951 effort assigning TF 77 to destroy every
target within a strip of latitude a single degree wide, was a more concentrated
effort—and also unsuccessful.

TF 77, which had added interdiction efforts to its continuing close-air
support of front-line troops, received orders in September to focus its resources
exclusively on interdiction. Carrier pilots made more than a thousand
individual road and rail breaks in the month of October alone—an impressive
accomplishment, considering that each narrow set of tracks could be destroyed
only with a direct hit. The track-busting effort continued vigorously into early
1952, when the carrier pilots began “night heckling” operations designed
to take advantage of the visibility offered by the moonbrightened, snowy
winter nights. Weapons of choice were napalm and bombs, with HVARs an
infrequently used option.

For the immediate problem facing fleet pilots, Mighty Mouse was a
promising alternative to HVAR. Salvos of FFARs fired from disposable pods
could be used much like shotguns to blast a broad area with shrapnel, thus
going a long way toward solving the night-accuracy problem.* One of the new
rocket’s most avid fans was the station’s politically astute experimental officer,

Capain (later Admiral) Thomas H. Moorer, who began a campaign in OPNAV
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his efforts to collect important documentation on rocket impact. An ingenious
gun camera mounted on an attacking aircraft was designed to photograph the
rockets at impact. As the Skyraider accelerated into its pullout, an unbalanced
weight on the camera was supposed to rotate a prism so that the camera would
keep its line of sight on the rockets. Unfortunately, as Patton remembered:

[Als soon as they started the least bit of pull-up, this prism went clear to the

extreme end. It was obviously undersprung, undercompensated; and when

we fired against a target, which was an area near Pohang in the sand dunes,

immediately the gun camera records went “choop” like that, and we got a

tantalizing one- or two-frame look as the line of sight zipped past.

Patton began makeshift efforts to compensate for the limitations of the
tools at hand. He drew ruled lines on letter paper to make his own graph
paper, used his own spinning body as an improvised centrifuge to calibrate
the camera, and worked late into the night making hand calculations for the
calibration. Through these expedients and help from the Marines, he was able
to obtain a few precious impact pictures to take back to China Lake.*

Paul Shea, a mechanical engineer in the AOD Aircraft Projects Branch, soon
arrived, bringing along several innovative NOTS-developed launching pods—
seven-round packages formed by cardboard mailing tubes coated with plastic.
Early firing tests had proved that simply shielding each tube’s leading edge with
a thin metal cap added strength enough that the tube could withstand the forces
of an FFAR launching. To make the pod more streamlined, the outside flutes
between the tubes were filled with wooden sticks and the entire bundle was
covered with glass cloth. These pods were part of a prototype lot of 230 aircraft
rocket launchers (Mk 16 Mod 0) manufactured under contract to NOTS by
Century Engineers Inc. for simultaneous evaluation by China Lake and four
other organizations. After excellent test results, the Operational Development
and Evaluation Force (OPDEVFOR) recommended that the Mk 16 launcher
be produced in quantity for fleet use with the 2.75-Inch FFAR. Efforts then
focused on developing a combination unit, 2.75-inch FFAR Rocket Container
AERO 6A, to serve as both shipping container and launcher. The simplified
shipping and launching pod proved so successful in Korea that BuAer ordered
it into full production while fleet evaluation was still going on.”

Continued gun-camera difficulties kept the Marine Aircraft Wing tests of
Mighty Mouse from matching the launcher success. Although 2,000 rockets
were fired at ground targets during the first tests in Korea, Patton and Shea
returned home in April 1952 with disappointingly sparse documentation.”
The trip was nevertheless important in that it signaled the station’s continuing
interest in sending its technical people to study NOTS weapons in everyday
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wrote Ward from a cramped cubicle on board Philippine Sea. Describing
his experience so far as mostly “general quarters for sunrise and sunset plus
18 hours of waiting each day,” Edwards said that he had flown a one night-
interdiction run over a Korean beach and spotted more targets than he could
use. “Feel fairly sure that they do not consider me a wave of destruction yet,”
he commented wryly, “but with a little more practice I should be able to scare
them as badly as they do me.”

His night-flying experience convinced Edwards that Mighty Mouse would
be excellent for flak suppression. “Please keep us in mind on the 2.75s,” he
wrote. “We are hot to go and believe that we can show the rocket off and do
credit to it. The pilots that used it at Inyokern are enthusiastic to a man and
I think that we can make lots of people want it badly.” Joining Edwards in
his impatience was Edward “Ed” Chilton, a member of the station’s Central
Evaluation Group, who was on board Philippine Sea in a fleet-support role.

Captain (later Vice Admiral) Thomas E “Tom” Connolly, who had
succeeded Moorer as NOTS experimental officer in July 1952, passed Edwards’
letter along to Ellis, attaching a note: “Can't we do anything to increase the
present number (1000) of 2.75s going to VC-35? Especially if Cdr. Edwards &
Ed Chilton tell us they’re hot for more?””?

As the China Lake rocketeers worked to clear paperwork hurdles, Edwards
awaited the new rockets with growing impatience. He sent Ward another
plea:

Have a few more flights over the beach now and we are more anxious than
ever to get the 2.75 rockets. Last night I made runs on around 20 trucks. The

20 MM are good but 2.75 would be better. Total trucks sighted last night IN 2

HOURS were well over 100. We found one train last night and one the night

before. HELP!™®

By 4 March Ward had good news: he notified Edwards to expect a small
allotment of “some mice and packages to be delivered to you late this month or
the first of the next.” Even better was the news that NOTS had “just received
a letter . . . with ‘umpteen’ endorsements, the last by BuOrd, concerning
supplying these items to the whole Pacific Fleet.” Ward estimated that more
widespread availability might take six to eight months. In the meantime, he
said, “We will be most interested to hear your results when you do get this
small allotment for your group.””

Lieutenant Commander F E. Ward, officer-in-charge of Team Mike, was
one of the first to try out the new rockets. On a clear, moonless night in late
March he took to the skies over the formidable terrain just west of Wonsan,
his Skyraider carrying six NOTS-designed pods of FFARs (seven “mice” per
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An additional rocket shipment arrived in early April, and satisfying results
continued. By 9 April Newt Ward heard good news from Edwards: “The mice
are beginning to pay off for us.” Truck hunting was “just like swatting flies, no
strain,” he said. Enthusiasm for the new rockets throughout Task Force 77 had
reached the point that “Ed Chilton and I have trouble talking about anything
except the rockets. Every time we sit down someone eases up to us and wants to
know how he is going to get ahold of a few for his squadron to try them out.”

Since the pilots had been instructed not to shoot unless they encountered
promising targets, aircraft were likely to return to the carrier still laden with
rocket pods. But experience increased comfort levels. “They barked at me a little
when the first ones came back . . . but they are getting used to it now,” Edwards
wrote. “All of this information will gradually drift down to you through official
channels, but I thought that you would like a little dope on this fine weapon
as we go along,” he added, concluding his letter with a grateful “NOTS done
themselves proud.””

Mighty Mouse had proved its destructive capability as an air-to-ground
weapon and its ease of handling. Rear Admiral R. E. Blick, Commander
Carrier Division 3, immediately recommended a rapid increase in the rocket’s
production to facilitate general fleet use, and the Fleet Service Activity Unit
began visiting aviation ordnance schools, as well as other operating squadrons,
to help train fleet personnel in handling, loading, and firing the rocket in its
Aero 6A launcher.’

As the war in Korea limped through its last weary months, the success of
Mighty Mouse was rare good news. After more than three years of inconclusive
fighting, the Communists and the allies signed an armistice on 15 July 1953.
Neither side had won. The U.S. Navy, however, had gained significant ground in
its claim that naval air power was needed to contribute mobility and flexibility
in conflict and had disproved the prevailing earlier view that the Navy in war
should provide primarily convoy and patrol.”

The China Lakers™ experiences in direct contact with the operating forces
also offered lessons applied to all later conflicts to this day. Station engineers
visiting the front demonstrated for the first time the importance of direct
observation of NOTS products in use and communication with warfighters in
the battle environment. Not only could the visiting engineers deal with many of
the problems in real time, but they could also carry precise information about
problems back home where necessary redesigns and modifications could be
made. The NOTS Advisory Board agreed that fleet support was essential, and

in December 1952 the station set up fleet service as an organized, continuous
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station’s leaders recognized that the civilians involved in fleet support needed to
have constant dialog with the experimental officer and his staff.

Years later when Connolly, by then a vice admiral, returned to speak at China
Lake’s 25th Anniversary celebration, he made special note of that commitment
to the operating forces. “I've seen many of you putting professional fatherly
arms about the shoulders of the young officers we send to you and that you
encounter in the fleet in the operating forces, explaining, understanding their
problems and needs, giving as much as you can of your knowledge and interest
to solve their problems,” he said.®
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Politics and Progress

Even as the Korean conflict continued, China Lakes accelerated work pace
encompassed new projects, with a new responsibility for the entire BuOrd rocket
R&D program. The desert rocketeers soon discovered that the bureau expected to
retain much of the authority for the program in Washington. Higher authority also
intervened in the fledgling Sidewinder and OMAR missile programs.

The NOTS mavericks didn't let politics slow them down. Rather they depended
on their own strong leadership and technical excellence to make significant progress
in systems and concepts.

First Rocket, Then Fuze, Then Feasibility Study

By 1950 technological advances had brought fully operational guided
missiles closer to feasibility. Competition among the services and between
groups within each service was more fractious than ever, with the issue of
missile cognizance no closer to being solved. Among the 35 or so missile
projects receiving direct funding support in fiscal 1950, none had achieved an
operational missile. The distribution of scarce funding resources caused much
unhappiness, but irrelevant projects were not being canceled. Each service
complained that the funds necessary for further development were being
wasted on the missile projects of the other services.!

Although the Committee on Guided Missiles (GMC) of the Research
and Development Board discussed the cognizance issue at length, members
were unable to reach consensus. The committee therefore recommended in
March 1950 that the responsibility for authorizing missile projects be turned
over to the Joint Chiefs of Staff. Secretary of Defense Johnson rejected this
recommendation as unworkably broad, instead approving a JCS consolidated
priority list of missiles that assigned the Air Force exclusive responsibility for
developing both strategic and tactical missiles.

This decision was not as significant as it seemed, since BuOrd and the
other major players in the missile game still obtained their appropriations
directly from Congress, with individual R&D programs often not called out
as separate line items. Consequently, Army and Navy organizations could
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circumvent the priority list by referring to their ongoing missile programs as
“studies and designs.”

The politics within the Bureau of
Ordnance thus met those in the larger
political arena, and the Sidewinder
project, which had been called first a
rocket, then a fuze project, would now
be called a study.’ The task of naming
this supposed study fell to Commander
Thomas H. Moorer, who arrived on the
desert in December 1950 as the station’s
new experimental officer.

Moorer, an Academy graduate with a
keen interest in technology, had proved
his competence as a naval aviator in a
variety of assignments to carrier-based,
patrol, and bombing squadrons. During
World War II he was a Navy flyer
helping defend the Philippines against
the Japanese invasion. His heroism  Admiral Thomas H. Moorer, Chief of
and leadership qualities earned him an Naval Operations, 1967.
impressive array of medals. At war’s end
he joined the Strategic Bombing Survey
in Japan. He served as executive officer of
the Naval Aviation Ordnance Test Station,
Chincoteague, Virginia, under Vieweg’s
command. Moorer was operations officer
of Fast Carrier Task Force 87 when
Vieweg requested that he become NOTS
experimental officer.*

At China Lake Moorer moved into
an office already occupied by his second
in command, Lieutenant Commander
(later Vice Admiral) William J. “Bill”
Moran, a decisive young man in the midst
of the first of three successful tours at
China Lake.’ The two shared more than

office space; their practical approach to  p... Admiral William J. Moran, 1970.
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problems meshed too. When BuOrd sent word in early 1951 that Sidewinder
and the related Optically Maneuvered Aircraft Rocket (OMAR) project needed
feasibility study designations, Moorer and Moran looked no further than their
phone dials. Moran’s number was 71567, Moorer’s was 71602. So Sidewinder
became Feasibility Study (FS) 567, and OMAR became FS 602.¢ Although
Sidewinder could thus continue temporarily as a study project, its acceptance
at the highest levels was still needed before it could continue into production
and use.

“Kellerizing” the Nation’s Missiles

The station’s leaders had learned much about missile politics during the
ill-fated NOTS AM project. But a year had elapsed since cancellation of the
project, and the review process had become even more convoluted. Three
important bodies in Washington possessed missile oversight authority: the
RDB for reviewing and coordinating development programs, the Munitions
Board for coordinating industrial mobilization, and the JCS for defining
service requirements. The Weapons Systems Evaluation Group (WSEG), set
up in 1949 under joint JCS-RDB sponsorship, was charged with making
independent evaluations of the systems under development. Adding to the
complexity of the review process was the Guided Missiles Interdepartmental
Operational Requirements Group, established in March 1950 to improve
coordination of research, development, and procurement among the military
services and among the preexisting coordinating bodies.

To this tangled web must be added another skein, one that directly
threatened the station’s hard-won participation in missile development work.
In August 1950 Under Secretary of the Navy Dan A. Kimball recommended
that the Secretary of Defense establish an OSD director of guided missiles,
a “missile czar,” to coordinate RDB, Munitions Board, and JCS positions
on the missile programs of all the services. Under Secretary of the Air Force
John McCone and Army Major General Kenneth D. Nichols were prominent
supporters of this concept, which they envisioned as a “Manhattan Project for
missiles,” an office powerful enough to eliminate bureaucratic red tape and
interservice rivalries.”

Just as this idea surfaced, President Truman decided to stop trying to deal
with the liabilities accumulated by Louis Johnson during his tenure as Secretary
of Defense. The B-36 and flush-deck carrier funding imbroglio, the discouraging
course of the Korean conflict, and an acrimonious relationship between Johnson
and Secretary of State Dean Acheson were all elements in Truman’s decision to
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ask his Secretary of Defense to resign. Johnson’s successor was internationally
respected war hero General of the Army George C. Marshall, who became the
nation’s third Secretary of Defense in September 1950. In one of Marshall’s
first official actions in this post, he accepted the President’s recommendation
to select Kaufman T. Keller, chairman of the board of Chrysler Corporation, as
director of guided missiles. 3

A portly “tin-bender” with brusque j
demeanor and grizzled brushcut hair,
Keller had strong opinions about what
was wrong with the nation’s weapon
programs. He formally accepted the g
missile czar position on a part-time unpaid
basis in October 1950, but only on the
condition that he be given a knowledgeable
military deputy. Furthermore, he wanted a
guarantee that hisideas would be influential
at the highest levels, and he made it clear
that he would quit if his recommendations
were not accepted.®

One of Kellers conditions was
fulfilled admirably when Nichols became
deputy director of guided missiles. Nichols was unusually well qualified to
provide the insider’s perspective: he had been in the inner circle of atomic-
energy policy ever since he joined the Manhattan Project in 1943. As chief
of the Armed Forces Special Weapons Project since 1948, he was a member
of several influential oversight groups, including the GMC and the Military
Liaison Committee.

When Keller and Nichols began discussing their new responsibilities, they
quickly realized that an organization analogous to the Manhattan Project was
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