REPORT DOCUMENTATION PAGE OB o Do 0138

The public reporing burden for this collection of information is estimated fo average 1 hour per response, including the time for reviewing instructions, searching existing data
sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other
aspect of this collection of information, including suggestions for reducing the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information
Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suile 1204, Atdinglon, VA 22202-4302, Respondents should be aware that notwithstanding any other
provision of law, ne person sha# be subject to any penaity for fading to comply with a collection of information if it does not display a currently valid OMB controf nember.

PLEASE DO NOT RETURN YOUR FORM TCO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) | 2. REPORT TYPE 3. DATES COVERED (From - To)
12/31/2017 History Book 01/01/11959 - 12/31/1967

4. TITLE AND SUBTITLE Ea. CONTRACT NUMBER

The Station Comes of Age

History of the Navy at China Lake, California 5b. GRANT NUMBER

Volume 4

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Cliff Lawson '

5. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES} 8. PERFORMING ORGANIZATION

Naval Air Warfare Center Weapons Division REPORT NUMBER

1 Administration Circle {SBN 978-0-16-093970-9

China Lake, CA 935556100

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)

Naval Air Warfare Center Weapons Division NAWCWD

1 Administration Circle

China Lake, CA 93555-6100 11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Distribution Statement A: Approved for public release; distribution is unlimited.

13. SUPPLEMENTARY NOTES

14. ABSTRACT

This fourth volume in the history of the Navy at China Lake is a "must read” for Navy Military and civilian leadership today.
The Station Comes of Age examines the years befween 1959 and 1967, a critical era in the China Lake Story.
Interestingly, this timeframe is also pivotal in our nation's history, encompassing the Cold War, the space race, and the
Vietnam conflict.

This fourth velume of our history meets the high standards established in the first three volumes, and it candidly captures
China Lake's contributions to this interval in history.

15, SUBJECT TERMS

Naval Ordnance Test Station (NOTS), Sidewinder Missile, Shrike Weapon System (AGM-45}, Antitank Aircraft Rocket
{ATAR), China Lake, Point Mugu, Bullwinder, Bombwinder, Bullpup (AGM-12A/B}, Night Observation Gunship (NOG),
Polaris, Walleye

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF |18. NUMBER| 19a. NAME OF RESPONSIBLE PERSON
a. REPORT | b.ABSTRACT | c. THISPAGE| ABSTRACT o ses | Ellen Mahoney

19b. TELEPHONE NUMBER (/nciude area cods)
Unclassified | Unclassifed | Unclass  [SAR 749 760-939-2174

Standard Form 298 (Rev. 8/98}
Prascribed by ANSI Std, 739,18




“With lucid descriptions of technical innovations and bureaucratic
entanglements, Cliff Lawson brings a decade of the creative
programs and people at the Naval Ordnance Test Station, China
Lake, to vivid life in 7he Station Comes of Age. Readers interested
in military history will relish learning about some of the world's
most effective weaponry; all readers will enjoy the dozens of tales

told in the participants’ own words.”
— Elizabeth Babcock

Author of Magnificent Mavericks

Bill Stephenson created the cover art for The Station Comes of Age, which depicts several of
the people and programs that contributed to the success of the Naval Ordnance Test Station
in its final decade of existence. Bill is a design artist for the Technical Communication and
Library Office at the Naval Air Warfare Center Weapons Division, China Lake.

t left is Dr. William B. McLean, the legendary Technical Director who inspired
and developed the Sidewinder missile and shaped China Lake’s technical
programs from 1954 to 1967. His far-reaching genius encompassed develop-
ment efforts ranging from submarines to satellites. Next to McLean is

Dr. Pierre Saint-Amand, a Fulbright scholar, teacher, inventor, and world-renowned
geologist. Saint-Amand pioneered the use of weather modification as a tool of peace as well
as a weapon of war. At top center is Frank Knemeyer, an engineer and one of the most
successful managers in NOTS history; his career at China Lake ranged from project engineer
for Elsie (the Mk 91 nuclear penetrator) to head of the Weapons Department, Weapons
Planning Group, and Systems Acquisition Group. He was a strong and effective proponent
of the Chine Lake’s “Smart Buyer” role. Dr. Peggy Rogers, at right, was a trailblazer. As a
physicist, college professor, and China Lake’s first woman department head (Weapons
Development) and Laboratory Director, she oversaw the development of some of NOTS’
most important weapons, including Snakeye and Rockeye.

t upper left, launched from an F4D “first stage” is NOTSNIK, China Lake’s

first foray into space. To the right is an A-4, the principal Navy attack

aircraft of the Vietnam War, launching a China Lake-developed Shrike

antiradiation homing missile. Below the A-4 is a stick of four Snakeye retarded
bombs, developed by NOTS for close-air support of ground troops. At lower right is an
AD-1, the workhorse prop-driven aircraft that served in Vietnam as a launch platform for
most of China Lake’s air-to-surface weapons. At lower left, wet-suited engineers test the
two-man submarine Moray, Dr. McLean’s concept for an “underwater fighter plane.” At
center is Sidewinder, which, from its first combat use in 1958 to the present day, has been
the Free World's premier short-range air-to-air missile.
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Foreword

This fourth volume in the history of the Navy at China Lake is a
“must-read” for Navy military and civilian leadership today. 7he Station
Comes of Age examines the years between 1959 and 1967, a critical era
in the China Lake story. Interestingly, this timeframe is also pivotal in
our nation’s history, encompassing the Cold War, the space race, and the
Vietnam conflict.

This fourth volume of our history meets the high standards established
in the first three, and it candidly captures China Lake’s contributions to
this interval in history.

Of equal importance is Cliff Lawson’s portrayal of the significance
of the Navys in-house research, development, test, and evaluation
capabilities in the transition and fielding of new, innovative weapons

and technology.

The Navy has a tradition of being an early adopter of new technology;
during these years the tradition was embraced to an even higher degree.
China Lake’s technical agenda during this period was amazingly broad,
spanning from space to underseas, weapons to weather modification,
military actions to humanitarian assistance, and booby traps to nuclear
warfare.

This was an era when technology was exploding, the importance of
the military and scientist linkage (that grew out of the early California
Institute of Technology days) was greatly reinforced, and the Navy’s role
was expanding to include land warfare.

Most significantly, Navy leaders recognized these areas of growth and
took action. They continued to emphasize the importance of supporting
and managing technology development as an element of a naval officer’s
career, and they reorganized to establish a laboratory structure that would
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Foreword

underpin and facilitate the Navy’s movement into the technological era.
These stories are all astutely captured in 7he Station Comes of Age.

Lawson keenly describes the contributions of innovation, technology,
organization, and freedom, from the lashings of bureaucracy to China
Lake’s substantial success in executing its mission, which was to develop
and rapidly field new weapons and air warfare systems to the Fleet.

The scientist-military relationship that evolved during this period
was also a significant contributor to China Lake’s achievements. This
relationship led to the realization of the quick improvements needed
to hone the military utility and effectiveness of our weapons systems in
Vietnam.

Beyond the Station’s security fence, China Lake’s engineers rode ships,
were assigned to theaters of operation, staffed desks in Washington, DC,
and traveled to all corners of the earth to ensure the effective execution of
the Naval Ordnance Test Station’s mission for the Navy.

NOTS employees invented new weaponry through the application
of technology as demonstrated in Polaris, Shrike, Walleye, and other
“Eye” weapons. These workers organized to nurture innovation through
competition, both internally and externally, and had a willingness to take
risks. NOTSNIK, the Station’s response to Sputnik, is a key example.

China Lakers routinely asked “Why not?” instead of “Why?” when
faced with new ideas and often shunted the bureaucracy aside when
it became a barrier, as was the case in efforts in weather modification
technology and uses. This volume clearly exposes the contributions of
each in the Station’s efforts to ensure that our sailors had an advantage in
the wars they fought.

Lastly, this history captures what the radio broadcaster, Paul Harvey,
affectionately called “the rest of the story.”

Specifically, the successes of China Lake during this period were
supported by the resources made available through its continuing
relationships with the California Institute of Technology, the military
leadership that was initially located at the Station but moved to higher-
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level assignments in the Navy, and the isolated community inside the
fence of the Station. All these were important factors. The former set
the values: innovation, can-do attitude, technical competence, and the
freedom to think differently. Supportive Navy leadership enabled and
embraced action. The Station community provided a neighborhood,
unity of purpose, encouragement, and a strong sense of pride.

All these factors make China Lake a crucial naval asset when 7he

Station Comes of Age in the 1960s.

SCOTT M. O’NEIL MICHAEL MORAN
Executive Director and Director Rear Admiral, U.S. Navy
of Research and Engineering Commander
Naval Air Warfare Center Naval Air Warfare Center
Weapons Division Weapons Division
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Preface

The Station Comes of Age is a partial history of the Navy’s presence at China
Lake. The story begins in 1959, 16 years after the Naval Ordnance Test Station
(NOTYS) was established, and concludes in 1967. More than four decades later
the organization is still going strong. The rich slice this book takes out of China
Lake’s past is not presented as a straight-ahead chronological narration of
events. To maintain focus and continuity, I have discussed sequentially threads
that, in real life, ran in parallel.

Volumes 1, 2, and 3 of this series recount the first 15 years of NOTS history.
Those volumes total 1,344 pages. The depth of treatment for the 10-year span
covered in this fourth volume is, perforce, influenced by length constraints.'

Volume 4 intends to capture the major players and the important projects
of NOTS and to contextualize them in the Navy, the nation, and the world.
While China Lakers have historically taken a perverse pride in their isolation,
the base has been a dependent variable in a complex equation of national
defense, economics, politics, and culture. To understand a weapon system, one
should consider its sponsors, its manufacturers, its competitors, its users, and
its victims, as well as its designers.

A phenomenon affecting any examination of the Station’s history is security
classification. Certain NOTS scientists, engineers, analysts, and technicians
spent long periods of time, some nearly their entire careers, working on so-
called “black” projects; activities whose level of security classification precludes
mention of their name or nature. Even at a 50-year remove, there is a small
but significant amount of work that remains classified. This necessary cloak of

1 Albert B. Christman. History of the Naval Weapons Center, China Lake, California,
Volume 1. Sailors, Scientists, and Rockess. Origins of the Navy Rocket program and of the
Naval Ordnance Test Station, Inyokern, Naval History Division, Washington, DC, 1971; ].D.
Gerrard-Gough and Albert B. Christman, History of the Naval Weapons Center, China Lake,
California, Volume 2. The Grand Experiment at Inyokern. Narrative of the Naval Ordnance
Test Station During the Second World War and the Immediate Postwar Years, Naval History
Division, Washington, DC, 1978; Elizabeth Babcock, History of the Naval Weapons Center,
China Lake, California, Volume 3. Magnificent Mavericks. Transition of the Naval Ordnance
Test Station From Rocket Station to Research, Development, 1est, and Evaluation Center, 1948—
58. Naval History Division and Naval Air Systems Command, Washington, DC, 2009.
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secrecy has only a minor redacting effect on the historical narrative; however,
operating behind that cloak does take a toll on the individuals whose work
cannot be discussed even with their families. Silence does not diminish the
importance of their efforts, nor the magnitude of their contributions.

Source material impacts the comprehensiveness and accuracy of this
history; in some cases, there is too much, in others, far too little. For relatively
minor programs, reams of documentation may be available. For other efforts,
many of which were quite significant, documentation was the last thing on
anybody’s mind.

The 1960s were a heady time at China Lake, and people, programs, and
money moved with great speed. The principals didn’t realize that the work they
were doing on a day-to-day basis was unique and might have lessons for the
future. One engineer, interviewed after his retirement, said:

In retrospect, I wish I had realized how important it was to write down what
we did. But so often, when you are young and doing things, you just think
that GE and all these great big corporations have already done this. It turned
out that’s not true.

Mark Twain’s Huckleberry Finn begins, “You don't know about me without
you have read a book by the name of 7he Adventures of Tom Sawyer; but that
ain’t no matter.” It “ain’t no matter” here, either. But “without you have read”
the first three volumes in this series, I'll set the stage with a brief sketch of the
Station’s history prior to the period covered in this volume.

The following excerpt is from a summary prepared by China Lake
Command Historian Leroy L. Doig III for the 50th-anniversary edition of the
Rocketeer, China Lake’s in-house newspaper, in November 1993.

In 1943, adequate facilities were needed for test and evaluation of rockets
being developed for the Navy by the California Institute of Technology
(Caltech); at the same time, the Navy also needed a new proving ground for all
aviation ordnance. The Naval Ordnance Test Station (NOTS) was established
in response to those needs in November 1943 . . . . The NOTS mission was
defined in a letter by the Secretary of the Navy dated 8 November 1943:

... A station having for its primary function the research, development
and testing of weapons, and having additional function of furnishing
primary training in the use of such weapons.’

2 S-185, Donald K. Moore interview, 11 Oct 1990, 35.
3 Memo Op13C-jc, 4 Nov, Ser. 232213, Secretary of the Navy Frank Knox to All Ships
and Stations, “Naval Ordnance Test Station, Inyokern, California, Establishment of,”

8 Nov 1943.
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Harvey Field was commissioned at the auxiliary landing field at Inyokern,
and the first facilities of the fledgling NOTS were established there while the
building of the actual NOTS base at China Lake commenced. Testing began
within less than a month of the Station’s formal establishment, and by mid-
1945 NOTYS’ aviation assets were transferred to the new Armitage Field at the
China Lake site.

The vast, sparsely populated desert around China Lake and Inyokern, with
near-perfect flying weather year-round and practically unlimited visibility,
proved an ideal location not only for test-and-evaluation (T&E) activities,
but also for a complete research-and-development (R&D) establishment.
The early Navy-Caltech partnership established a pattern of cooperative
interaction between civilian scientists and experienced military personnel
that in the ensuing five decades has made China Lake one of the preeminent
RDT&E institutions in the world.

Air-launched rockets, solid propellants, fire-control systems, and rocket- and
guided-missile T&E were NOTS’ primary areas of effort in the 1940s. During
World War 11, the Station played a role in the Manhattan Project as the site of
Project Camel, which developed non-nuclear explosive bomb components—a
role that continued into the 1950s. Holy Moses, Tiny Tim, and a family of
spin-stabilized barrage rockets were fielded while the Station was built.

After the war, the Pasadena Annex was added to NOTS, bringing with it
the torpedo-development program and other underwater-ordnance RDT&E
efforts. In the late 1940s, NOTS began research on fire-control systems that
evolved into the concept of the Sidewinder guided missile.

With the advent of the Korean War, NOTS rapidly gained cognizance over an
even more extensive catalogue of rockets, missiles, and torpedoes and an array
of guns, bombs, and fuzes. The Station sent the 6.5-inch tank-killing Ram
rocket to the combat forces in Korea after only about 28 days in development
and testing.

The ensuing years saw the development and deployment of some of China
Lake’s most noted products, including the Weapon A, Mighty Mouse,
and BOAR rockets; a series of torpedoes; new aircraft fire-control systems
(“avionics” now); and, of course, Sidewinder.

Leroy Doig is only one of the many people at China Lake who made this

book possible. Scott O’Neil, executive director of the Naval Air Warfare Center
Weapons Division (NAWCWD), invited me to assume the task, and I had
splendid support from others at NAWCWD, particularly from the Technical
Library and the Technical Communications Office (TCO).

4 Leroy L. Doig 111, “A Brief History of China Lake’s First 50 Years,” 7he Rocketeer, 4 Nov
1993, commemorative insert, 4.
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My principal (and patient) contacts in the TCO were Deanna Ripley-
Lotee, Antonella Thompson, and Shaleen Lambert.

Others from NAWCWD who helped in the effort were Stephanie Baca,
Patricia Backes, Duane Blue, John Daly, Michael Giroux, Mike Johnson,
Sam Miller, Mark Pahuta, Mary Ray, Mike Ripley-Lotee, Peggy Shoaf,
Stacy Sechrist, John Trowbridge, Vinnie Vargas, Robert Voigt, Amy Wyatt, and
Pamela Wheelock. Jacobs Technology Naval Systems Group. New Directions
Technology, Inc., and Systems Applications and Technologies, Inc., provided
support throughout the project.

Also contributing time, effort, information, and counsel were the editors
and staff of the Daily Independent; Will Forman, author and submersibles pilot;
John Greco of the Naval History and Heritage Command; Maryrose Grossman
and Stephen Plotkin, reference archivists at the John E Kennedy Presidential
Library; Tom LaPuzza, former Public Affairs Officer for the Navy Marine
Mammal Program; Scott Pedersen, military aviation historian; Peter Pesavento,
historian and author; Carol Porter of the Historical Society of the Upper Mojave
Desert; and Gary Verver, creator and owner of chinalakealumni.org. Mr. Verver
provided several of the photographs for this book. The Maturango Museum was
also generous in locating and sharing photographs from its collection. (Unless
otherwise stipulated, all photos used in this book were taken by the U.S. Navy
or another branch of the U.S. Government.)

Many people who were interviewed for the history program and whose
recollections form a substantial part of this document—including Phil Arnold,
James Colvard, Frank Knemeyer, Ray Powell, and Bud Sewell, to name but a
few—Xkindly responded to scores of emails and phone calls requesting additional
information and elucidation.

Liz Babcock, who wrote Volume 3 of this series was a source of inspiration
as well as practical advice. More than 20 subject-matter experts, current and
former China Lakers as well as others with first-hand experience of the events
related here, reviewed the draft manuscript or portions thereof. All offered
corrections and helpful suggestions.

I would never have tackled this job, and could not have finished it, were it
not for the continuous encouragement of my wife, Ramona Bernard.

Such invaluable assistance notwithstanding, I am solely responsible for
errors, omissions, and inconsistencies in the text as well as for the opinions not
specifically attributed to others and for the biases that must inevitably creep
in—I did, after all, work at China Lake for 24 years.
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What follows is a story of Shrike and Polaris and Walleye and countless
other systems that changed naval warfare. It is a tale of ordinary (and some
not-so-ordinary) people, living in an out-of-the-ordinary place—“the middle
of the desert,” most China Lakers call it, although it’s actually much closer to
the edge—and producing extraordinary tools for the nation’s warriors. It is a
recounting of what was, in my opinion, the most productive decade in China
Lake’s history, before or since.

CLIFF LAWSON
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Sewell G. “Pop” Lofinck and NOTS coffin, July 1967.




Introduction

When NOTS—the official acronym for the Naval Ordnance Test Station
at China Lake—came to an end in July 1967, a funeral was held in the back
yard of Dr. Ivar Highberg, head of the Systems Development Department.
The Ground Range crew constructed a 10-foot-tall coffin, to indicate that
NOTS really was 10 feet tall, and NOTS was formally interred, with Highberg
among the pallbearers. Legendary range guard Sewell G. “Pop” Lofinck was the
presiding minister. The epitaph on the grave marker read “Born in adversity.
Died in bureaucracy.”

In fact, NOTS never died. The concepts embodied in NOTS live on:
cooperative military and civilian leadership of a group of “magnificent
mavericks” who fuse a knowledge of physical science with the understanding
of the art and craft of war to meet the needs of those who fight from the
sea. The Navy’s base at China Lake has since operated under several acronyms
and has survived the bureaucratic onslaughts of drawdowns, pay freezes, Base
Realignment and Closure (BRAC) actions, and one cycle of dictatorial military
leadership that threatened to destroy the military-civilian team concept.

Yet the base continues. As Vice Adm. Frederick L. Ashworth wrote in his
introduction to Volume 3 of the China Lake history, the organization is known
simply as China Lake. It survives because while individuals come and go, an
institution will continue as long as it has value to those it serves. China Lake has
such value; it is the consummate prototype for Navy research and development
activities.

The principles that define China Lake, those that Admiral Ashworth
and Dr. L. T. E. Thompson learned during the Manhattan Project when they
worked with General Leslie Groves and Dr. Robert Oppenheimer, begin with
the military-civilian leadership team and include scientists who understand
theories, engineers who translate theories into reality, and military personnel
who judge the operational worth of a system.

China Lake is an institution that can “conceive,” “construct,” and “confirm”
weapon systems. It does so in a single remote desert location with a workforce
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whose skills seamlessly span the spectrum of capabilities necessary to solve the
problems encountered at each stage in the weapons development process.

Cliff Lawson’s book, the fourth in a series chronicling the ongoing history
of China Lake, treats a critical period in which the institution was transitioning
from being staffed at the leadership level by former Caltech professors who
chose to stay with the Navy after World War II to being led by professional
scientists and engineers who had chosen careers at China Lake. During this
period the Navy was engaged in a shooting war in Southeast Asia, and the
country was in the midst of the Cold War with the Soviet Union. The central
principles of China Lake, those shaped by Ashworth and Thompson and their
contemporaries, had to be transferred to the new leadership—an ongoing
process, and one that tends to have generational peaks. That process continues
today.

China Lake’s current leadership effects cultural transfer through such
activities as the Legends Dinners, where recently hired professionals commingle
with “old hands” for cocktails, dinner, and a lecture, and the “Have I Got a
Story for You!” program, where former leaders are invited to speak informally
to the workforce about programs that shaped the history of China Lake.

The best mechanism for developing a sound leadership philosophy is to
observe, understand, and emulate successful leaders. During the era covered in
this volume, Dr. Bill McLean provided the successful technical leadership that
defined China Lake, and his skills were reflected in those who later assumed
positions of leadership. Dr. McLean’s impact on China Lake was profound.
His principles, like his weapon designs, were simple. He insisted on technical
competence, allowed people freedom to try wild ideas, and had a high tolerance
for failure. Those “profound simplicity” principles created and sustained an
effective technical institution, and they are equally applicable to the Navy
Laboratory of today.

Dr. McLean’s disdain for formal management was legendary. He once told
me that if I ever took a course in management he would fire me. But he also
recognized the need to accommodate radical management concepts—such as
his “absolute right of transfer” by personnel across division and department
lines—with a reasonable amount of organizational stability. This led him to
select Haskell G. “Hack” Wilson as his Deputy Technical Director. Wilson’s
management skills and political finesse combined with McLean’s technical
genius to expand China Lake’s reputation as the preeminent technical institution
in the Navy, one that produced effective weapons for the Fleet in a time of great
need for such weapons.
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Since those days, the Navy has subjected its activities to a myriad of
management fads, such as Quality Circles, Lean Six Sigma, and Competency-
Aligned Organizations. None of these have been as effective as the “profound
simplicity” of China Lake: hire good people, give them challenging work and
room to operate, and create management boundaries rather than barriers. The
Navy benefitted from the weapons designed at China Lake. It could benefit
even more by learning China Lake’s management approach.

Another characteristic of China Lake worthy of emulation is the co-
location of the scientists, engineers, technicians, and military personnel with
the laboratories, ranges, and specialized facilities in which the weapon systems
are created and tested. The technical insights of a John Boyle were transformed
into hardware by technicians like Bill Grady and confirmed on the ranges by
a team led by Duane Mack, all of them in the same department headed by
Newt Ward. Assigned project pilots (experienced combat veterans) flew from
Armitage Field, midway between the laboratory complex and the ranges, all
within the NOTS fence line, all under NOTS controlled airspace.

This ability to communicate in person, rather than by paper across
organizational walls, makes the development process more efficient and
effective. This continuous communication was part of the institutional genius
of China Lake. For example, if a group in the Range Department needed
assistance with the construction of a large target complex, the Public Works
Department was there to help shoulder the load. That lesson was lost on the
Navy when, following the 1990 BRAC, it formed Installation Commands
to independently manage the facilities at laboratories like China Lake. This
approach shattered the integral nature of the affected commands and created
institutional barriers that slow communications, increase costs, and generally
result in poorer performance.

Simple concepts in the hands of extraordinary people result in success in any
endeavor. Cliff’s book highlights this fact with its review of the accomplishments
of China Lake as it matured from a test station to a preeminent research,
development, and test institution. The Navy’s continued success in conducting
war from the sea depends on sustaining such institutions.

DR. JAMES E. COLVARD
Former Deputy Chief, Naval Material Command
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A ] 2
A Winter’s Day

It marks the beginning of an era of expansion . . . .

— NOTS Commander Captain William W. Hollister,
at the groundbreaking ceremony for Hangar 3!

January 1, 1959, dawned cold on the western edge of California’s Mojave
Desert. The temperature had dipped to 28° in the early hours of the morning.
In the small town of Ridgecrest and on the adjoining Naval Ordnance Test
Station (NOTS) at China Lake, frost obscured car windshields and whitened
the bent blades of withered lawns.

Shortly after 7 a.m., the sun’s rays began to filter over the Slate Range and
the Spangler Hills to the east and south. Sunlight first touched the high points
of the Sierra Nevada, which runs along the western edge of the Mojave Desert.
A weak winter light (the sun had reached its southernmost point just 11 days
earlier) illuminated the rocky prominences in the Sierra foothills known to
local residents as Five Fingers, then gradually moved down into the Indian
Wells Valley. A waning moon faded in the brightening sky. Winter-morning

quietness lay over the sere brown desert and the sprawling Navy base.

Precisely at 0800 hours (military terminology for 8 a.m.) in front of the
NOTS Administration Building, two sailors conducted the time-honored
Navy ceremony of morning colors, raising the national ensign to the top of the
42-foot flagpole. Although Hawaii had been admitted to the union less than
five months earlier, the 50-star American flag raised that day was already nearing
time for replacement. Wind in the Mojave Desert is strong and persistent.

On that chill Thursday morning, many of the Station’s civilian employees
and military personnel were taking advantage of the New Year’s Day holiday
(and the second week of the Christmas school vacation) to sleep in after a night
of partying. So, too, were residents of Ridgecrest, the unincorporated town just
southwest of China Lake’s “Mainside”—the unofficial name for the portion

1 The Rocketeer, 10 Jan 1958, 1. The Station’s in-house newspaper was published weekly.
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of the base where the main laboratory, administrative, and housing facilities
were located, distinguishing it from China Lake’s far-flung ranges and facilities
scattered over hundreds of square miles to the north and southeast. Only a thin
wire fence and the occasional “Warning—U.S. Government Property” sign
demarked the line between town and base.

Revelers in Ridgecrest danced and drank the New Year in at the Starlite
Room, the Village, the Desert Inn, and Duke’s Tavern. On the base, the
Community Center, just south of the Administration Building, had been the
site of a “Ring in the New, Ring out the Old” party (adults only, dancing
to the music of Pug Pilcher, coats and ties required for men). The Officers’
Club—formally the Commissioned Officers’ Mess (Open)— was a 10-minute
walk to the east on Blandy Avenue and had seen its share of more informal
socializing—as in fact it did on most nights.

Despite the partying, the final evening of 1958 had been “... a very quiet
New Year’s Eve,” according to Ridgecrest's weekly newspaper, 7he Indian
Wells Valley Independent and Times-Herald (predecessor of the current Daily
Independent). “Law enforcement personnel were on duty in full force to handle
any overzealousness on the part of persons seeing out the old and welcoming
in the New Year. . . . Just one arrest of a drunk driver suspect by Naval Station
Security Police marred an otherwise perfect record.”

For the Naval Ordnance Test Station, barely 15 years old, 1958 was a year
worth celebrating, a year of progress and growth. The Station’s achievements
spanned land, sea, air, and space.

Progress

Weapons development had been spurred by the ongoing Cold War between
the U.S. and Russia. Tensions were running high. In March Nikita Khrushchev
had been named Premier of the Soviet Union, and NOTS Commander
Captain William W. Hollister, addressing the Bakersfield Rotary Club in May
1958, struck an alarmist note. “Security can be measured only in terms of the
threat—and the threat is great,” he was quoted in the Bakersfield Californian.
Remarking on the rapid pace of technological change since the end of WWII,
he said:

We find ourselves working with only two kinds of weapons systems—the
obsolete and the experimental. No sooner is a new weapon made operational
than new developments begin pushing it into obsolescence. . . . The peacetime

2 Indian Wells Valley Independent and Times-Herald, 8 Jan 1958, Al. Hereinafter cited as
IWYV Independent and Times-Herald.



Chapter 1. A Winters Day

Soviet war machine is unprecedented in magnitude. . . . Today the Soviet
Union has more than 475 submarines. The magnitude of this threat to our
vital sea lanes cannot be overemphasized.’

The formal mission of the U.S. Naval Ordnance Test Station—the official
charter from the Bureau of Ordnance (its parent organization) that delineated
what the base could, and by extension could not, do—was stated in a single
brief paragraph:

Conduct research, design, development, limited production, testing, and
technical evaluation of ordnance materials, components, assemblies, and

systems . . . principally in the field of rockets, guided missiles, underwater
ordnance and aircraft fire control.

NOTS was earning a reputation within the Navy and the Department of
Defense for interpreting that mission as broadly as possible.*

Most notable of the Station’s accomplishments in 1958 was the aerial
shoot-down, by Chinese Nationalist forces, of four MiG-17s over the Formosa
Strait on 24 September. The Sidewinder 1A (AIM-9B) missiles that sent the
Red Chinese fighters into the ocean were conceived and developed at China
Lake and, for that particular operation, code named Black Magic, assembled at

Aviation ordnanceman checking Sidewinder missile mounted on F/A-18C aircraft, Strike
Fighter Squadron 146 aboard USS John C. Stennis (CVN-74) in the Persian Gulf, May
2007—more than half a century after the NOTS-developed missile’s first successes.

3 “Commander of Kern Base Warns of Complacency,” 7he Bakersfield Californian, 30 May
1958, 19.
4 NOTS TP 2127, Technical Program Review 1958, China Lake, California, 1 Jan 1959,

ii. That mission statement, with minor changes, would remain constant for the remainder

of NOTY’ existence (through 1 July 1967).
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China Lake. The Formosa Strait engagement was the first time air-to-air guided
missiles were used in combat.’

North American Treaty Organization (NATO) units also began using Side-
winder in 1958; the missile would eventually become one of the most widely
used weapon systems in the world. Sidewinder, much modified and refined
but still fundamentally the same China Lake-developed weapon, remains the
United States™ principal short-range air-to-air missile more than half a century
after its first combat victories.

Other events boosted China Lakers’ pride in the work they carried out
during 1958. In April 7he New York Times reported that a NOTS rocket sled
had set a new speed record of 2,825 miles per hour, eclipsing a record set by
the Air Force at Holloman Air Force Base, New Mexico, the previous month.°

In August, high above the NOTS north ranges, a Tartar surface-to-air missile
intercepted and destroyed an FOF drone in the missile’s first successful firing.”

AetNOTS’ San Clemente Island facility, 60 miles off the Southern California
coast, the Marine Corps spent part of the year evaluating the Demolition Line
Charge. The line charge, in development since 1950, employed a NOTS-
developed 5-inch rocket motor to throw an explosive train from a boat or
amphibious vehicle onto a beach to explosively clear mines and obstacles. The
rocket motor passed the rigid evaluation tests and was accepted for Marine
Corps use.®

Not all accomplishments that year were exclusively related to weaponry.
At a Los Angeles press conference in September, NOTS announced the
development of an “explosive press,” a new technique for using the power of
explosives to form and bond metals. The press had been developed by John
Pearson, head of the Warhead Research Branch, and Edward W. LaRocca, who
believed that widespread adoption of their technique in military production
could save $30 million per year.’

5 A more detailed description of the event is in Babcock, Magnificent Mavericks, 468-472.
6 “Rocket Sled Mark Set,” The New York Times, 25 April 1958. During that year 365 runs
were conducted on NOTS’ three supersonic tracks—SNORT, B-4, and G-4. The runs
ranged from tests of ejection seats, fuzes, missile components, and guidance systems, to tests
with animal subjects, the latter part of an Air Force study to determine if humans could
survive aerodynamic loadings above 3,000 pounds per square foot.

7 Technical Program Review 1958, 116-117. China Lake was involved in test, training, and
component development for the Tartar, Talos, and Terrier missiles, all descendents of the
Bumblebee missile, which had begun testing at China Lake in 1945.

8 NWC TP 6413, Part 1, Major Accomplishments of the Naval Weapons Center, 1982, 15.
Hereinafter cited as Major Accomplishments.

9 Rocketeer, 19 Sept 1958, 1.
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Articles on the new process began to appear immediately in the trade
press. Over the next three months, in a phenomenon that would years later
come to be known as “technology transfer,” more than 30 industrial companies
contacted Pearson for additional information on explosive-forming techniques.
Pearson’s and LaRocca’s methods would come to be used throughout the world,
and Pearson’s books, Explosive Forming of Materials, and The Behavior of Metals
Under Impulsive Loads, both coauthored with NOTS physicist Dr. John S.

Rinehart, remain standard references in the field.!°

In October 1958 NOTS had publicly unveiled the Rocket Assisted
Personnel Ejection Catapult (RAPEC), which had just begun high-speed testing
on NOTS’ Supersonic Naval Ordnance Research Track (SNORT). RAPEC
employed a rocket propellant to fire an ejection seat 200 feet or more above
the aircraft’s fuselage, allowing a pilot to safely eject on or near the ground (or
even 35 feet under water), thereby greatly increasing the chance of survival. The
NOTS-designed, -developed, and -tested system was released to production in
November and was responsible for saving the lives of many A-4 Skyhawk pilots
in the years to come.!!

SNORT would be heavily used by China Lake and other organizations,
with the types of testing limited only by an engineer’s imagination. For example
a novel Picatinny Arsenal-sponsored program called Catshell would begin in
1959. Over 5 years, more than 40 155-mm howitzer shells would be fired
at maximum accelerations and chamber pressures and caught in the back of
a SNORT test sled traveling at 1,600 feet per second. Shells would then be
retrieved from the sled’s Ensolite-filled catch box for analysis of the fuzing
components.'

The most ambitious of the Station’s undertakings in 1958 was NOTSNIK,
the in-house nickname for a crash program established in response to the launch
of Sputnik by the Soviet Union in October 1957. (It would be nearly four
months after Sputnik’s launch before the embarrassed U.S. finally put Explorer
1, its first satellite, into orbit.) NOTSNIK was a China Lake-conceived plan to
launch a NOTS-designed satellite into orbit on a NOTS-built rocket launched
from a NOTS-based jet aircraft.

10 Rocketeer, 9 Jan 1959, 1.

11 OPNAV Report 5750-5, Command History of U.S. Naval Ordnance Tést Station,
China Lake, California, 1959, 23 (hereinafter cited as NOTS Command History); Major
Accomplishments, 83. RAPEC technology became the basis for many subsequent aircrew
ejection systems.

12 NOTS TP 3726, Technical History, U.S. Naval Ordnance Tést Station, 1964, April 1965,
8-54 (hereinafter cited as NOTS Tech History).
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During 1958, the NOTSNIK project (also called Project Pilot and NOTS
1) attempted six launches. Whether any of the payloads actually attained
orbit has never been conclusively determined; however, the effort did develop
technologies that would be incorporated in future U.S. satellite programs. And

NOTSNIK firmly established the Station as a player in the “space game.”

Growth

With success came growth. As China Lake entered the final year of the
1950s, its physical infrastructure of research, development, test, and evaluation
(RDT&E) was expanding rapidly. Across the base, new ranges, laboratories,
and specialized facilities were under construction or in the planning stages.
While none would rival in scope Michelson Laboratory—that massive complex
of laboratories, machine shops, and office spaces completed in 1948 with more
than 10 acres of floor space and a price tag of $10.4 million ($96 million
in 2011 dollars)—each new capital investment at China Lake enhanced the
Station’s ability to prosecute its mission.

China
Lake
range
areas, 1.1
million
acres in

all.
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Restricted airspace R-2508, with military land areas shown as gray shapes. The configuration,
shown in 1974, has remained substantially the same since R-2508’s establishment in 1955.

NOTS had no shortage of room for expansion—the Navy’s base at China
Lake is huge. In 1959 it represented %5 of the Navy’s total worldwide land
holdings. It was—and is today—the Navy’s largest single collection of land
(1,700 square miles), lying under the largest military-restricted airspace in the
nation. China Lake’s land area is larger than Rhode Island and about 25 times
as big as the District of Columbia.
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Major ranges and facilities on China Lake land.

The R-2508 Military Restricted Airspace Complex (reserved exclusively
for military use from 20,000 feet to infinity and in certain areas from ground
level to infinity), which was formally approved by the Civil Aeronautics
Administration in 1955, covers 18,000 square miles, an area greater than
Vermont and New Hampshire combined.
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However, NOTS did not seem as large in 1959 as it had when it was
established. Back in 1943 a Navy F4U Corsair fighter flying at top speed could
cross the widest part of China Lake’s North Range Complex (just over 21 miles)
in about 3%2 minutes. By 1959 an F8U Crusader could make the same transit
in less than a minute and a half—although such a flight would be followed by
telephoned complaints from Indian Wells Valley residents as the sonic boom
rattled and shattered windows.

The shadows of encroachment, external limits on China Lakes RDT&E
activities, were just beginning to fall across the desert base. In the earliest days
of the Station, the focus of NOTS’ work had been on relatively short-range air-
to-surface weapons. As air-to-air weapons became a larger part of China Lake’s
effort, more land and sky were necessary for safe and secure testing as well as
tactics development.

The phenomenon of “shrinking ranges” would continue as the footprint
of naval air-launched weapons increased and the era of long-range standoff
weapons dawned. The NOTS-developed nuclear weapon, the Bombardment
Aircraft Rocket (BOAR), the Navy’s principal standoff weapon in 1959, had a

maximum range of only 7%2 miles.

By the 1990s thorough testing of a long-range standoff weapon like the
Tomahawk cruise missile required that it be launched on the Sea Range off
Point Mugu and maneuver a dogleg stretch of specially cleared FAA restricted
airspace before entering the R-2508 Complex west of Edwards Air Force Base
and continuing north to China Lake’s ranges—a journey of more than 300 miles.

Shrinking ranges notwithstanding, NOTS at the end of the 1950s was
spacious enough to accommodate any new facility the Department of Defense
required and funded.

The largest of the building projects under way on 1 January 1959 was a
$4.3-million aircraft hangar, on which construction had begun a year earlier.
Sited at Armitage Field, about a mile north of Mainside, Hangar 3 would
be the home of the Naval Air Facility (NAF) and of the Aviation Ordnance
Department (AOD, Code 35).

The new facility would allow Hangar 1 to be used by Air Development
Squadron Five (VX-5), which had transferred to China Lake from Moffett
Field in 1956, as well as by visiting Fleet squadrons. In a sign of things to come,
AOD’s removal from Hangar 2 would “provide limited facilities for private
contractors whose mission requires their location near areas of development
and test performance.”"?

13 Rocketeer, 5 Sept 1958, 1, 4.
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Armitage Field after construction of Hangar 3, the large two-bay building at center left.
Hangar 2 is at left, with Hangar 1 at right. The view is west toward the Sierra Nevada.

For NOTS, the new hangar symbolized progress. 7he Rocketeer (China
Lake’s official weekly newspaper since 1945) waxed poetic in describing the
groundbreaking ceremony on 30 December 1957: “A ‘golden era of expansion’
for NOTS was symbolized by the reflection of a desert afternoon sun from
gold-painted shovels wielded in the recent ground breaking.”

Addressing the group of 100 gathered for the occasion, Captain Hollister
called construction of the hangar “the beginning of an era of expansion, . . . just
one of the plans for the largest and most important research and development
center in the United States.”'

New construction was also under way to support the Polaris nuclear
ballistic-missile program, which had been ramping up throughout 1958. In
response to the Sputnik launch, the program had been dramatically accelerated.
The deadline for an interim capability had been pushed forward 2 years (to
June 1961) and for an operational system 18 months (to April 1962).">

14 Rocketeer, 10 Jan 1958, 1.
15 “The Origin of the APL Strategic Systems Department,” Johns Hopkins Applied Physics
Laboratory Technical Digest, Vol. 19, No. 4 (1998), 381.
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China Lake had a big piece
of the Polaris action—which was
only fitting, since the concept
for that submarine-launched
solid-fueled nuclear-tipped
missile system was developed
at China Lake. The Station’s
growing  responsibilities  in
the program required extensive
new facilities both at China

Lake and at San Clemente
Island.'®

East of China Lake’s

Mainside and behind Lone
Butte (known locally as
B Mountain because of its
large  white-painted  “B,”
which  Burroughs  High
School seniors refresh each
year), site preparation was First firing of Polaris missile at Skytop test facility,
under way for Skytop) 15 November 1961.
a complex designed specifically for live testing of Polaris rocket motors and
capable of handling motors with a peak thrust of 10 million pounds. Completed
in November 1959 at a cost of $650,000, Skytop (formally, the Static Test
Facility, and later, as it expanded, the Static Test Range) became the Navy’s
go-to site for testing large solid-propellant rocket motors. The facility’s role
subsequently expanded to support a number of national and international large
solid-propellant motor programs.

The Navy’s Special Projects Office—the nerve center of the Polaris
program—had also selected NOTS to design the underwater launching
technique for Polaris.

Initial planning for underwater-launch equipment and support facilities
on San Clemente Island began in 1958, and NOTS’ 1959 budget earmarked
$1.55 million for construction.

The new facilities would include an underwater pop-up launcher and an
ingenious barge-mounted crane called “Fishhook” that snagged the expensive

16 James Baar and William Howard, Polaris!, Harcourt, Brace and Co., 1960, 68-69;
S-117, Frank Knemeyer interview, 20 Feb 1981, 27.
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Fishhook barge with Polaris on tether at San Clemente Island, April 1959.

prototype missiles at the apogee of their pop-up, more than 100 feet above the
ocean’s surface, and then gently braked their descent to avoid damage on water
impact.'”

The pace of Polaris work at SCI, as the island was often called, had increased

to the point that the NOTS Test Department set up a new Test Division at
Pasadena just to manage the underwater test range.

Operations at SCI were gaining interest nationally. In early December 1958,
three members of the Defense Subcommittee of the House Appropriations
Committee visited the island. The group included Gerald R. Ford, who was in
his 10th year as a Michigan congressman and who would 16 years later become
the 38th President of the United States.

On China Lake’s north ranges, construction on the final phase of the High
Altitude Bombing Range had began in early 1958 and would be completed in

17 NOTS Command History 1959, 10.
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1959. The range allowed a high-altitude (15,000 to 60,000 feet) bombing run
to be analyzed with more than 30 miles of continuous 10-frames-per-second
photographic coverage. The specialized cameras used in this process, called
flight-line recorders, were designed by the Station’s Applied Optics Branch.

New Directions

Other expansions in the NOTS workload were not measured in concrete,
steel, or military construction (MILCON) dollars. They were expansions driven
by the curiosity of engineers and laboratory researchers pursuing promising
leads. One of the attractions that NOTS employment held for highly talented
scientists and engineers was that fact that NOTS management encouraged
investigation of new ideas and supported researchers who wished to look in
novel directions.

This encouragement was often manifested through a locally controlled
discretionary funding source called Exploratory and Foundational (E&F)
funding, later renamed Bid and Proposal (B&P) funding. E&F-funded
investigations into automatic-tracking TV-guided weapons at NOTS during
the late 1950s, for example, led to the development of the Walleye glide
weapon. Walleye would become a staple of U.S. air strikes from Vietnam to
Desert Storm, and its “amazing accuracy” was even lauded by President Lyndon
B. Johnson in a 1964 press conference.'®

In Michelson Laboratory, known by China Lakers as Mich (pronounced
“Mike”) Lab, researchers in the Optics Division had developed a new reflecto-
meter for measuring fundamental optical constants in the ultraviolet, visible,
and near-infrared regions of the electromagnetic spectrum. In conjunction
with another NOTS-developed reflectometer, it provided “an improvement in

accuracy of 50 times that commonly quoted for reflectance measurements.””

Support for new directions and unusual ideas was not limited to the
research laboratory or the engineer’s drafting table. Midway through 1959, for
example, the Weapons Planning Group at NOTS hosted the Inyokern Meeting,
a “top-drawer symposium on methods of deterring strategic wars.”*® The
meeting’s 15 attendees included leading experts in psychology, political science,
anthropology, sociology, economics, physics, mathematics, and chemistry.

18 “Transcript of the President’s News Conference on Foreign and Domestic Matters,”
New York Times, 2 Feb 1964.

19 NOTS TP 2374, Technical Program Review 1959, China Lake, CA, 1 Jan 1960, 50.
20 IWV Independent and Times-Herald, 9 July 1959, B1. Although the attendees flew into
Inyokern, the meetings were actually held at China Lake.
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“This is not a policy making group,” Weapons Planning Group psychologist
Thomas W. Milburn told a reporter. “We seek to achieve our objective of
preventing and suppressing war through scientific research. Our findings are

then presented to the military policy makers.”?!

Today, such a symposium would be sponsored by a university or a think
tank rather than a military base. But China Lake was the bold 16-year-old
offspring of the California Institute of Technology and boasted the academic
and intellectual horsepower to make such an excursion from physical science
into social science a plausible effort.?

Deterrence had first been studied at China Lake in the mid-1950s as part
of the Station’s work on nuclear targeting consequences. The Inyokern Meeting
joined physical and behavioral scientists from academia with China Lake analysts
and weapons experts. Several research projects recommended at the meeting
became the basis for Project Michelson, through which NOTS “coordinated the
political scientists of the nation in a study of the strategy of deterrence.”*

The methodology of the project was “to predict what actions various world
leaders would pursue under given future circumstances. Such future predicted
actions were based upon past writings and speeches of world leaders indicating
their stand on polemical issues at that time and what course they actually took
when the specific issue became a reality.”*

Funded by the Polaris program and the Secretary of Defense’s International
Security Affairs Office, and managed by the Weapons Planning Group, Project
Michelson eventually included more than 50 studies at various universities.
This was heady stuff for a naval base that focused primarily on developing and
testing weapons.?

21 Rocketeer, 2 July 1959, 1.

22 China Lake’s Central Evaluation Group in the early 1950s gave NOTS its first formal
operations analysis capability. The group eventually became the Weapons Planning Group
(Code 12). Carl Schaniel, head of the group, wrote shortly after establishment of the Naval
Weapons Center in 1967, “The onset of organized operations analysis activity within the
Navy laboratories represented a fundamental recognition that detailed study of military
operations and requirements had to be a continuing part of the R&D cycle.” Carl L.
Schaniel, “Operations Analysis and the Naval Weapons Center,” News and Views, Points of
View and Information on Management Matters, China Lake, Aug-Sept 1967, 1.

23 John Pina Craven, 7he Silent War: The Cold War Battle Beneath the Sea, Simon &
Schuster, 2001, 62. Craven served, among his senior Navy posts, as chief scientist of the
Special Projects Office.

24 Memo, 6002/WWS ref Ser. 4821, Commander, NWC to CNO (OP-092D3),
“Requests for Security Review and Clearance of Project Michelson Reports for Release to
Universities,” 7 Nov 1969 .

25 Louis D. Higgs and Robert G. Weinland, Project Michelson Preliminary Report, NOTS
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Finding the Right People
As NOTS’ workload and facilities grew, so too did the need for qualified

personnel to staff new and expanding programs. Adventuresome men and
women continued to be drawn to this remote military base in the sun-drenched
Mojave Desert, as they had since NOTS’ creation in the waning days of WWII.
But they seldom found it on their own. Recruitment was necessary. And of
course China Lake had its own way of going about that.

“We didn’t necessarily go for the ones with the best grades,” recalled Robert
G. S. “Bud” Sewell. “These were mostly guys who had been to war, were going
through college on the GI bill, had families, responsibilities.”*

Nor did the Station use professional recruiters. Scientists and engineers
who were engaged in China Lake’s everyday work, it was reasoned, were better
able to communicate the nature of that work to prospective employees as well
as to judge an individual’s potential to contribute to the Station’s projects.
China Lakers were encouraged to get people they knew to come and see the
base and its facilities. In fall 1958 a coordinated recruiting drive sent 32 NOTS
employees to visit 49 colleges and universities in 14 states to find new talent
and extol the benefits of working at China Lake.”

NOTS’ recruiting was carried out under the leadership of Robert C.
Nelligan, head of the Personnel Department’s Recruitment Branch. In a back-
door approach to recruitment, the Station would invite selected professors to
spend the summer at China Lake, working in the ever-growing collection of
laboratories and specialized facilities. When the professors returned to their
classrooms in the fall, they brought with them tales of exciting work being
done at a mysterious science and engineering complex in the Mojave Desert.

Sometimes convincing a candidate to move to the desert could be a hard
sell, particularly if the prospective employee came from an urban background.
The harsh term “desert” invokes images of parched and delirious wanderers,
circling buzzards, and sun-bleached bones in a flat, endless field of eye-
blinding whiteness. In literature and religion, desert is usually the metaphor
for emptiness, barrenness, hopelessness, and desolation.

For the Mojave Desert, those connotations are misleading. On average, the
Mojave—also known as the High Desert, to distinguish it from the Sonoran
Desert (the Low Desert), which lies to the south and east—receives about

TP 3154, China Lake, March 1963.
26 Conversation with Bud Sewell, 28 Oct 2009.
27 Rocketeer, 10 Oct 1958, 2.
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Wild (feral) horses standing amidst Joshua trees in China Lake’s North Range Complex.

10 inches of rain per year. China Lake averages somewhat less than half that
amount, primarily because it is in the rain shadow of the Sierra Nevada. That’s
not a lot of precipitation, compared to Sacramento (18 inches) or Los Angeles
(15 inches) or even San Diego (12 inches), but adequate to support abundant
plant and animal life.

The Mojave Desert encompasses a staggering variety of topography, flora,
and fauna, and China Lake’s 1.1 million acres are a microcosm of this variety.

On the North Range Complex, pinon pines, junipers, and scattered Joshua
trees cover the high mesas (6,000 feet plus). These uplands are home to deer,
mountain lions, badgers, golden eagles, and free-roaming herds of wild horses.
To the south and east—the lower half of the North Range Complex and the
entire Mojave B Range—a more traditional desert picture prevails; creosote bush
and rabbitbrush provide cover for jackrabbits, coyotes, sidewinder rattlesnakes,
desert tortoises, kangaroo rats, and myriad other heat-tolerant water-conserving
species of plants and animals (including feral burros, descendants of the early
miners’ pack animals).

16
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China Lake promoters learned how to put a positive spin on the arid desert
environment, touting “More than 300 days per year of perfect flying weather!”
and “360 days of sunshine!” They seldom mentioned the harsh winds that
regularly rip across the Mojave Desert, bitterly cold in the winter and blast-
furnace hot during the long, dry summer.?®

New hires and their families soon learned that the isolated Navy base and
its neighboring communities formed a small oasis of civilization in a thinly
populated region that stretched to the horizon and far beyond. Some people
fled after months or even weeks at their new posting—tales of “termination
winds” are foundational to the folklore of China Lake.” But a surprisingly
large number of new employees did not leave. It wasn't the pay that kept them,
which was significantly less than industry scale, even with the 10-percent pay
raise for civil servants that President Dwight D. Eisenhower signed in June

1958.%

NOTS’ primary attraction to new professionals was the technically
challenging nature of the work, the willingness of management to give young
scientists and engineers as much responsibility as they could handle, and the
ability to see a job through from start to finish. An idea sketched on a bar
napkin at the Officers’ Club on Friday night could be discussed with a battle-
tested Navy pilot over a backyard barbeque on Saturday, then could be on the
drafting table Monday, in the machine shop the following week, and flown in
a live range test the next.

James E. Colvard, who joined the NOTS workforce in 1958, fresh from

graduate school, described the work environment he encountered:

When I first came into Code 40 [the Weapons Development Department], 1
didn’t have an office—I had a bench like all other engineers—and right next

28 'The peak monthly wind speed, measured over a 34-year period at China Lake’s
Instrumentation Operations Building (IOB), ranged from a low of 47 knots (54 miles
per hour) in September 1986 to 60 knots (69 miles per hour) in March 1961 and August
1984. Data at http://www.navair.navy.millnawcwdfweather/chinalake/PUBS/TM77.10.html,
accessed 11 July 2009. The average rainfall ac China Lake’s Armitage Field (elevation
2,283 feet) is about 4.5 inches per year, less than half the Mojave Desert average. However,
averages are deceptive; in August 1984 a storm dumped 4 inches of rain on the Indian Wells
Valley in one day, causing massive flooding.

29 Al Boyack, who came to work at NOTS in 1945 and retired 61 years later recalled,
“They always talked about the termination winds, and people would come in and go to
work, and the wind would blow, and they'd leave and not even come back for their pay or
anything. Theyd terminate by mail.” S-235, Robert A. “Al” and Darlene Boyack interview,
6 July 1994.

30 Rocketeer, 27 June 1958, 1. According to the Rocketeer, that raise (which was retroactive
to January 1958) translated to a $1.7-million annual increase in NOTS paychecks.
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to us was a machine shop run by three or four grizzled old machinists who we
knew well and they'd take us wet-behind-the-ears college graduates and teach
us reality. And we also had former university professors like [Dr. William R.]
Duke Haseltine (an internationally renowned ballistician and NOTS senior
research scientist) and others who were people of sufficient scientific depth
we could go consult with and talk to when we had problems. So that ability
to traffic back and forth between abstract knowledge and practical reality was
great.”!

One attraction used by China Lake to draw new talent was the Junior
Professional (JP) Program. New hires fresh from college divided their first year
at NOTS into 3-month tours in various departments. The idea—and it worked
well—was to let the young scientists and engineers train with experienced
professionals, trying different types of work to see which the JP was best suited
for and found most interesting. Responsibility was given commensurate with
the JP’s ability to accept it. In 1958 nearly 80 new graduates from more than
35 colleges and universities joined the NOTS workforce as JPs.

Despite the discrepancy between salaries in industry and those in government
laboratories, China Lakers were hardly poverty stricken. Government-
subsidized housing was a bargain, and the prices at the commissary store and
the Navy Exchange, where civilians shopped side by side with the military, were
far below those in the urban areas where most contractors were situated. One

China Laker recalled:

You could make $8,000 or $9,000 a year here and bank $2,000 of it with
that beautiful low-rent housing . . . and the other breaks—the commissary,
the exchange, the Officers’ Club, and the Chiefs’ Club . . . no Joneses to keep
up with. If I bought a new Cadillac, why, instead of being impressed by my
prosperity youd wonder how I could afford it on my salary because everybody
knew what everybody else made. There was no status symbolism.>*

For many of these bright young men and women, fresh from school
and operating at the cutting edge of their professional disciplines, the idea of
working with NOTS’ advanced computing capabilities must have been a draw.
Why, in 1959 the Station boasted a state-of-the-art IBM 709 computer that
output data to magnetic tape at a rattling 2,500 numbers per second.*

The new hires who went on to spend three decades at China Lake, as many
did, would in the course of their careers see computational speeds increase several
thousandfold as computers mushroomed in capability, dwindled in size, migrated
from a centralized facility into every office and laboratory, and entrenched

31 S-272, Dr. James Colvard interview, 11 Dec 2008, 13.
32 S-132, Dr. Richard E. Kistler interview, 24 Feb 1982, 3.
33 NOTS Command History 1959, 9.
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A few of the tape decks for NOTS’ mainframe computer in the 1960s.

themselves as ubiquitous and essential desktop tools, replacing not only slide
rules and drawing boards but in many cases range firings and flight tests as well.

These young scientists and engineers, along with their older peers, would
soon have to reeducate themselves to the capabilities of the integrated circuit.
Invented in 1958, “ICs” would have a stunning impact on the Station’s work.
In air-to-air weapons, where volume and weight are the limiting parameters,
ICs would allow previously unimagined capabilities to be crammed into the
tiniest spaces. And as Moore’s Law reliably predicted, the number of transistors
that could be put on an IC would double every 2 years.

At the end of 1958, NOTS’ civilian workforce—including both the
technical workforce of scientists, engineers, and technicians, and the support
workforce, or so-called “wage grade” employees—was just over 4,600 (despite a
small, about 0.5-percent, reduction in force early in the year). Military personnel

increased this number to about 5,000, with the total on-base population more
than 10,000.%

The growth in NOTS’ infrastructure and personnel was paralleled by an
increase in funding; the Station’s technical-project budget for 1959 was $53.6
million (topping 1958’s by $10.5 million). The figure would increase to $61
million for 1960.%

34 Rocketeer, 16 May 1959, 2; Rocketeer, 17 May 1958, 2.
35 NOTS TP 1875, Technical Program Review 1957, 1 Jan 1958, 6; Technical Program
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“We were hiring people like mad at that time,” said Colvard. “It was right
after Sputnik and scientists and engineers were in great demand. . . . There
didn’t seem to be a problem getting people or money.”*

New families also meant more children in school. In spring 1958 work had
started on the new $1.1-million Burroughs High School. Formal cornerstone-
laying ceremonies—complete with time capsule—were conducted by Masonic
officials in September.?” Nearly 900 students would begin classes at the new
building in September 1959. At the same time, the new Desert Park Elementary
School would open in the Wherry housing area, bringing the number of
elementary schools in the China Lake School District to six and the total school
enrollment to more than 3,100.%®

As might be expected in a community with a disproportionately high
number of advanced-degreed residents, China Lakers were almost obsessively
active in their children’s schools. In November 1958 educators and PTA
officials attended a conference on the base to learn about the Gifted Child
Program, which focused on the educational, social, and psychiatric well-being
of intellectually gifted children. Unlike many gifted-child programs that were
popping up nationally at the end of the 1950s, China Lake’s had been created
well before the launch of Sputnik.?’

Increased activity at NOTS had ripple effects beyond the borders of the
base. The local newspaper trumpeted the “Continued Growth of Kern County
Population,” anticipating that the population of about 303,000 would increase
to 480,000 by 1980 (in fact, it reached just over 400,000 in 1980).4°

Base and Town

Within the Indian Wells Valley, tension existed between China Lakers and
residents of Ridgecrest, the little town outside the gate. NOTS, largely self
contained, provided its own services. Ridgecrest was as yet unincorporated at
the start of 1959 and would remain so until November 1963. Most of the

Review 1958, 7; Technical Program Review 1959, 7.

36 NL-T28, Dr. James Colvard interview, Navy Laboratories Oral History Program
interview, 3 Nov 1980.

37 Rocketeer, 12 Sept 1958, 1.

38 Ellis L. Tiffany, Public Education on the United States Naval Ordnance Iést Station of
California. A Brief History, China Lake School District, 1966; NOTS Command History
1959, 13.

39 Rocketeer, 21 Nov 1958, 4.

40 IWV Independent and Times-Herald, 8 Jan 1958, B1; U.S. Department of Commerce,
1980 Census of Population, Vol. 1, Chap. A, Part 6, Table 2, March, 1982.
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Housing areas, Ridgecrest and China Lake. The China Lake main gate is located at the

intersection just above and to the left of the words China Lake. The little town of Inyokern

(not shown) is 8 miles to the west (left on this map). Burroughs High School, shown in

this 1953 map by the U.S. Geological Service, was relocated to Ridgecrest in 1959, and
the former Burroughs campus became Murray Middle School.
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town’s services—fire, police, ambulance, and so forth—were supplied by Kern
County. The county seat, Bakersfield, was more than 100 twisting road miles
away across the Sierra Nevada.*!

The demographic line between the China Lake community and
surrounding settlements was as distinct as the fence line that marked the
geographic boundaries. Those who lived within the fence were civilian or
military employees of the base (with very few exceptions, including teachers
and medical people who worked in town but lived on the base), while most of
the people who lived in the adjacent community did not work on the base.*?

Thus many residents of Ridgecrest, and nearby Inyokern, had less
allegiance to NOTS than did the China Lake residents. The divide between
the two communities was also based on economics. China Lakers not only
lived in government rental housing, which was maintained by a government
workforce, but also enjoyed government-supported shopping and services
that were unavailable to those not employed by NOTS. These benefits were

Balsam Street, Ridgecrest’s main shopping street, circa 1959.

41 The base encompasses parts of three counties: Kern, Inyo, and San Bernardino.

42 'The notable exceptions to this demographic division in 1958 were some 575 families
who resided in town but were eligible for base housing. This was viewed at the time as an
indication of the severe housing shortage on the base, rather than the start of an exodus.
That shortage—along with a disparity in the quality of housing for higher-paid technical
employees and lower-end wage-grade and clerical employees—was a continuing source
of disharmony between employees and Station management. Rocketeer, 25 April 1958, 3;
Rocketeer, 6 June 1958, 2.
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perceived by some townspeople as undercutting Ridgecrest’s fragile commercial
infrastructure and adversely affecting the town’s nascent business community.
Leroy L. Doig III (whose father was a leading ballistician and later head of
Acquisition Management at China Lake) said:

I can remember in the "60s when folks who lived on base tended, to a certain
extent, to think of people who lived off base as somehow second-class citizens.
These were people who couldn’t use the commissary and exchange.®?

Indeed, in the early 1950s, the tension between base and town had erupted into
a brief, bitter boycott of the town’s businesses after Ridgecrest merchants tried to
persuade Washington officials to end civilian shopping privileges at China Lake.*

Although these distinctions between off-base and on-base interests would
change drastically in later years, they prevailed throughout the 1950s and
1960s. The rifts would not heal until the 1970s and 1980s, when, in a Navy-
encouraged exodus, nearly all the civil servants left their homes in China Lake
to reside in Ridgecrest and other nearby communities. Still, at the start of
1959, the town of Ridgecrest was doggedly forging its future. In January the
local newspaper reported that the Ridgecrest Property Owners and Taxpayers
Association, under the leadership of its new president Terri Hughes, would
focus on “rekindling public interest in the establishment of a state college in
Ridgecrest.”®

At the end of the 1950s, contractors were helping to bridge the gap between
town and base, foreshadowing what would become a lucrative industry in
Ridgecrest: technical service contracts. Los Angeles-based DuWes Engineering
Co. had opened an 11-man office in Ridgecrest in 1957. The venture was based,
according to a newspaper account, on a simple question: “Would it be possible
for a small engineering company to succeed in a place much larger companies
did not think worthwhile enough to investigate?” The answer was yes. By the
end of 1958 more than 50 DuWes employees in Ridgecrest were working on a
NOTS contract worth more than $300,000, and the company was expanding
its facilities from 1,000 to 8,000 square feet. %0

By 1967 three technical service contractors (Gordon M. Genge Industries;
Associated Aero Science Laboratories, Inc.; and ARINC Research Corp.) would
employ 444 people in their Ridgecrest facilities.

43 Leroy L. Doig III interview for video, “Somewhere on the Edge of Nowhere,” 4 April
2004, Maturango Museum, Ridgecrest, CA.

44 Magnificent Mavericks, 278-281.

45 IWV Independent and Times-Herald, 8 Jan 1959, A5.

46 IWV Independent and Times-Herald, 30 July 1959, A7.

47  News and Views, Oct 1967, 5.
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Trouble and Tragedy
As positive and promising as 1958 had been for NOTS, the year also had its

setbacks. It began with a reduction in force (RIF), the Civil Service equivalent
of a round of layoffs, in which 26 individuals were separated, or, in the local
vernacular, “went out the gate.” Another 16 people were reassigned to different
jobs and 29 positions were changed to lower pay grades.*

Disappointment on the technical side of the house included the Rocket-
Assisted Torpedo (RAT). The weapon had been under development at China
Lake and at NOTS’ Pasadena Annex since 1950 and was declared operational
in February 1958—then suddenly cancelled at year’s end, just months before it
was to have been sent into the Fleet.*’

The year, like those before and since at China Lake, also brought tragic
reminders that developing and testing weapons is dangerous. Just 3 weeks
before Christmas, two ordnancemen from the Chemistry Division were
injured by a flash explosion while they were mixing igniter compositions in
Michelson Laboratory. One sustained third-degree burns on the arms and face

with “involvement of the corneas of the eyes.”°

In separate incidents in May, two aircraft from NAF crashed when their
pilots ejected after in-flight problems. A search-and-rescue helicopter crashed
while attempting to rescue one of the pilots.’!

The following month, VX-5 pilot Lieutenant Commander Richard M.
Hopfinger, a WWII Pacific air combat veteran, was killed when his FJ-4B Fury
crashed during refueling operations. Between 1958 and 1967, 23 people, both
military and civilian, would die while carrying out China Lake’s mission, and
many more would be injured.>

The Larger Picture

For every failure in the laboratory or on the range—and failures in the
research-and-development business often outnumber successes—China Lake
was nevertheless accumulating a record of achievement that continued to

48 Rocketeer, 21 Feb 1958, 4.

49  Basic Information Abour NOTS, TS 62-168, NOTS, 21 Sept 1962.

50 Rocketeer, 12 Dec 1958, 4.

51 NOTS Station Journal, 1 May-31 May 1958, 4, 8-9.

52 The China Laker, newsletter of the China Lake Museum Foundation, Fall 2004. See
also China Lake Alumni website hzp:/fwww.chinalakealumni.orglindex.htm, Gary Verver,
owner and webmaster. Since 2002 Verver has operated this website, which contains a
wealth of information about China Lake’s history.
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NOTS officials unveiling a model of RAT. From left are Douglas J. Wilcox, head,

Underwater Ordnance Department, Pasadena Annex; Captain William W. Hollister,

NOTS Commander; Commander J. J. O’Brien, Officer in Charge, Pasadena Annex;
and Dr. William B. McLean, NOTS Technical Director.

bring in new tasks from Department of Defense and other customers and to
open new areas of scientific and technological development from deep-diving
undersea vehicles to military satellites. With success following upon success, it
seemed that no task was beyond the capabilities of China Lake’s military and
civilian team.

NOTS, despite its physical isolation, geographic remoteness, and self-
cultivated image of go-it-alone independence, operated neither autonomously
nor in a vacuum. The base was affected tremendously by the outside world, and
the Station’s effectiveness had always been dependent on the active engagement
of NOTS executives (military and civilian) in both Navy and national politics.
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Events far beyond the California desert directly and substantially influenced the
nature and amount of work performed at China Lake and the lives of the people
who lived there. One center of such influence was, of course, Washington DC

President Eisenhower, since his 1952 election, had railed against duplication
of effort among the military services, as well as their inefficiency and interservice
rivalries. His determination to remedy these problems was spurred on by the
Soviet success with Sputnik, and in 1958 he proposed a sweeping reorganization
of the Department of Defense.

“Since [Sputnik] was in the main a technological shock, the President and
the rest of the American body politic demanded a technological reply. . .,” wrote
Dr. Herbert E York and G. Allen Greb in 1977. The Defense Reorganization
Act of 1958, signed into law by Eisenhower in August, not only streamlined the
Department of Defense and gave the Secretary of Defense greater powers, but
also reshaped the manner in which the department’s scientific and technological

development programs were conducted by creating the office of Director of
Defense Research and Engineering (DDR&E).>

The first DDR&E (the above-quoted Dr. York, a gifted physicist who
5 years earlier, at age 32, had been the first director of the Lawrence Radiation
Laboratory at Livermore) was DOD’s third-ranking civilian, below only the
Secretary and Deputy Secretary of Defense. As well as holding a higher rank
than the Assistant Secretary of Defense (Research and Development), who had
formerly overseen military science and technology programs, the new director
had the expanded authority to approve, disapprove, or modify any R&D
program in the Department of Defense. Creation of DDR&E was a milestone
in centralization of control within DOD, a trend that would increase over
the next decade. In the continual reorganization of the Navy’s R&D program

through the 1960s, DDR&E would be the principal driver.”*

Early in 1959, Howard A. “Howie” Wilcox, a China Lake department
head and former Sidewinder program manager who had known York while
working and teaching at Berkeley, left China Lake to become York’s deputy.
Wilcox once described a perception of China Lakers that, while not wholly

inaccurate, would plague China Lake well beyond the period covered by this
book:

53 Herbert E York and G. Allen Greb, “Military Research and Development: a Postwar
History,” Bulletin of the Atomic Scientists, Jan 1977, 22.

54 Shortly after the creation of DDR&E, the Navy followed suit, creating the position
of Assistant Secretary of the Navy for Research and Development (ASN(R&D)) with
full control over all Navy R&D including management of the R&D appropriation.
Centralization begets centralization.
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They thought of us as being the Huns descending on Washington out of the
West to run off with all the plums. I think there was a certain “robber-baron
character” to the way NOTS operated, because our philosophy basically was:
if you can run faster than the next guy, then you get the job. So we ran just as
fast as we knew how to run, and that wasn’t the way that a lot of people in the
East and the other laboratories operated.>

Eisenhower’s Defense Reorganization Act also created the Advanced
Research Projects Agency (ARPA), reflecting the administration’s concern
for Russia’s ability to exploit space for military ends. ARPA operated under
DDR&E and allowed special projects—initially space projects—to be
undertaken without all the traditional service-specific red tape.

The technology and techniques that China Lake’s technical workforce had
developed for NOTSNIK, as well as the Station’s record of upper-atmosphere
research dating to 1946, positioned NOTS to be an important participant in
several ARPA programs including Project Defender, a satellite-borne ballistic-
missile defense system, and antisatellite projects.

Over the next few years, ARPA would be a prime source of funding
and direction for China Lake and would support much of the weapons and
technology developed by NOTS for use in the Vietnam War. ARPA-funded
work at the Station ranged from satellite-launch programs to microrocket
projectiles and even to a so-called “exploding rock,” an antipersonnel mine
designed to “defy visual detection because of its close resemblance to indigenous
materials”°

A Changing Navy

Within the Navy, other forces were at work that would help shape China
Lake’s future. As 1958 rolled into 1959, a review board under the direction of
Navy Undersecretary William B. Franke (who would become the Secretary of
the Navy in June 1959) was formulating the Navy’s response to the Defense
Reorganization Act of 1958.

The Franke Board recommended that the Bureau of Ordnance and the
Bureau of Aeronautics (BuAer) be combined. The recommendation was
implemented, and in 1959 NOTS became part of a new Bureau of Naval
Weapons (BuWeps).”’

55 S-196, Dr. Howard A. Wilcox interview, 22 Nov 1991, 26.

56 Advanced Research Projects Agency, Project AGILE, Remote Area Conflict Research
and Engineering, Semiannual Report, 1 July — 31 December 1963, by Remote Area Conflict
Information Center (RACIC), Battelle Memorial Institute, 1 Feb 1964.

57 Thomas C. Hone, Power and Change. The Administrative History of the Offfice of the Chief
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Continuing problems with the bureau system would culminate, in 1967,
with the creation of the Naval Weapons Center and the concomitant demise of
the Naval Ordnance Test Station.

Two other events in early 1959, both in Virginia, also affected China Lake,
though perhaps more psychologically than operationally. First, flight testing
was discontinued at the Naval Aviation Ordnance Test Station (NAOTS),
Chincoteague, Virginia. As a consequence, the NAOTS bomb and fuze
evaluation work was assigned to NOTS. At about the same time, the restricted
airspace over the Naval Proving Ground Aeroballistics Range at Dahlgren was
reduced, thereby limiting Dahlgren’s drop-test capability for bombs and air-
delivered mines. Shortly thereafter the Mk 76 bomb ballistics program was
transferred from Dahlgren to NOTS.>®

These transfers briefly lent credence to a dream that many China Lakers
have harbored throughout the history of the base. In a perhaps overly simplistic
scenario, encroachment pressures exerted by the expanding population in
urbanized areas of the country—primarily “back East”—force DOD to reduce
noisy and hazardous activities at various laboratories and facilities.

The powers-that-be then assign those still-necessary activities, along with
the personnel and dollars supporting them, to that vast, unencroached base
way out there in the desert at China Lake, where noise and risk are a routine
part of the job and where a population almost entirely dependent on the base
for its sustenance (either directly or indirectly) has a higher tolerance (some
even an affection) for the “sound of freedom”—loud engines at low altitudes
and earth-shaking explosions at odd hours.

In 1959 the audio track of that dream may have been overlain with the “ka-
ching” of local cash registers as transfers of personnel and funds from Virginia
to NOTS were nearly completed by year’s end. It would be another 50 years,
however, before the dream began to be realized in any significant manner.

Still further from NOTS, beyond Washington, outside the nation’s
boundaries, changes were taking place that would dramatically shape the future
of the Station—and the country.

Global Influences

In July 1958 President Eisenhower had sent U.S. Marines into Lebanon
at the request of a Lebanese government threatened by civil strife. That same

of Naval Operations, 1946—1986, Naval Historical Center, 1989, 46.
58 NOTS Command History 1959, 1.
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month an assassination and revolutionary coup in Iraq ended the country’s
Western-aligned monarchy and brought a military junta into power. These
incidents were symptomatic of a spreading destabilization of the world’s
political balance. Fires of nationalistic fervor, fanned in many countries by the
revolutionary rhetoric of Communism, were eating at the traditional structures
of imperial order.

Vietnam, since its 1955 partitioning into North and South Vietnam, was
viewed by American military and political leaders as a front line of the war
on Communism. Lack of effective resistance by the U.S.-backed forces in the
south against Communist-backed forces from the north was a growing concern
to America’s senior military and political leaders.

The Vietnam War was edging up on America in 1959. Halfway through
the year, before most Americans were even aware that the U.S. had a military
presence in Vietnam, two American servicemen died in combat northeast of
Saigon. During the next 16 years, more than 58,000 Americans would die in

Southeast Asia. The Vietnam War would be the largest single factor shaping the
direction of NOTS through the 1960s.”

But Vietnam was only one influence on China Lake’s future. In the early
morning of that cold New Year’s Day, 1959, just after champagne corks popped
at midnight in the Mojave Desert, a portentous event occurred more than
2,000 miles away, on the outskirts of Havana, Cuba. The American-supported
dictator Fulgencio Batista, pressed by a rebel army, boarded a plane to flee
his country. Later that New Year’s Day, 32-year-old Fidel Castro, head of the
rebels, celebrated Batista’s flight with a victory speech in Santiago de Cuba.

Within a year, Castro would be warning of a U.S.-supported invasion of
his island. His warnings would be validated by the April 1961 Bay of Pigs

invasion followed by the brink-of-nuclear-war Cuban Missile Crisis in 1962.

Certainly no one at China Lake would have imagined on January 1, 1959,
that less than 5 years hence a NOTS A-4 aircraft carrying NOTS-developed
Shrike radar-homing missiles would be flying through Cuban airspace, the
chirp of Russian fire-control radars sounding loud in the pilot’s headset.

Equally unlikely was the possibility that anyone at China Lake could have
envisioned what the future held for the Mighty Mouse 2.75-inch Folding-
Fin Aircraft Rocket (FFAR), a weapon developed at China Lake beginning in
the late 1940s, used intensively in Korea in the early 1950s, and taken out of

59 The first mention of Vietnam (“Viet-Nam”) in the NOTS Command Histories is a brief
reference to a group of foreign naval attachés who toured China Lake in 1960. The term
does not appear again in a Command History until 1965.
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Mighty Mouse 2.75-Inch FFAR firing sequence, 1956. Naval Aviation News photo.

production in 1957. By 1967 the Secretary of Defense would be demanding a
production rate of 800,000 rounds per month of the “bread-and-butter” round
in South Vietnam.®°

Nor in January 1959 had any China Laker yet heard of the “Eye Series,”
more than a dozen weapon systems with names like Rockeye, Deadeye, and
Snakeye, that NOTS would develop over the next several years. At the height
of the Vietnam War, the traditional radio call for close-air support, sent by
Marines under intense ground attack, would be for “snakes and nape!” (also
“shake and bake”), grunt shorthand for Snakeye retarded-delivery bombs and
napalm.

Stability and Optimism

All that still lay ahead. New Year’s Day 1959 was generally an unhurried
day at China Lake. The Navy and Marine Exchanges, commissary store, and
Station Library were all closed. So was the Community Center Snack Bar. The

60 “Navy Meeting Need for 2.75-In. Rocket,” Missiles and Rockets, 22 Nov 1965;
“Shortages Slow 2.75-in. Rocket Effort,” Missiles and Rockets, 18 April 1967.
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weather had warmed to the low 60s by mid afternoon, and children were outside
playing with still-new Christmas toys. Base personnel carried out the minimum
holiday level of routine duties and mundane details. Police and Public Works
Department personnel responded to infrequent emergency calls, and Marine
sentries checked cars as they entered China Lake from Inyokern Road.

The beginning of 1959 was a stable time in terms of Station leadership. Dr.
William Burdette McLean was in his fourth year as NOTS Technical Director,
the highest civilian position on the Station. Bill McLean was less than one-third
of the way to what would ultimately prove to be a 13-year tenure—the longest
of any China Lake Technical Director before or since.

McLean’s career was already marked by extraordinary achievement: in
January 1958 President Eisenhower had personally presented him with a gold
medal for Exceptionally Meritorious Civilian Service for “conceiving and
directing development of the Sidewinder Guided Missile Weapon System,” a
service “. . . of incalculable value to the defense of the nation and the free
world.” The Presidential award was highest honor the U.S. government could
bestow on a federal career employee. (Among the four fellow recipients of the
award that year was FBI Director ]. Edgar Hoover.)

Two years earlier Chief of Naval Operations Admiral Arleigh Burke had
presented McLean with a cash award of $25,000 under the Incentives Award
Program, at the time, the program’s largest monetary award ever made to a civil

service employee.®!

Captain William W. Hollister, NOTS Commander, was nearly halfway
through the final tour of his 30-year career. He would retire in June 1961.
Hollister was a longtime aviator who had flown bombers over the North
Atlantic during WWII and had come to NOTS from a posting as commanding
officer of USS Horner (CVS-12). He had a less ambitious approach to his tour
at China Lake than did many who had preceded and would follow him.?

Hollister and McLean “got along very well,” said Haskell G. “Hack”
Wilson, McLean’s Associate Technical Director and the man who managed
much of the day-to-day operations at China Lake. “There were no arguments
about ‘that’s my cognizance, this is yours.””®

Dr. Newton E. “Newt” Ward, who was head of the Aviation Ordnance
Department when Hollister arrived at NOTS in 1957 and was later double-

61 Starla Hall, William B. McLean, Man Scientist, and Administrator (unpublished
manuscript), Naval Ocean Systems Center, 10 Oct 1980.

62 For biographies of NOTS/NWC Commanders from 1958 to 1967, see Appendix A.
63 Haskell G. Wilson interview S-96, 9 July 1975, 40.
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hatted as Associate Technical Director for Development (Weapons Systems),
ascribed Hollister’s effectiveness to the fact that he knew his China Lake tour

would be his last. Said Ward:

We had a bunch of lame-duck COs up there, guys who knew they were going
to be passed over while they were there. Bill Hollister was one that knew when
he came there that he could not make it [admiral] and that made him a better
CO because he didn’t worry about it. He was very relaxed.®

The spring semester of UCLA evening classes would soon begin at China
Lake. A few scientists and engineers no doubt took advantage of the New Year’s
holiday to consider the list of course offerings. These included not only specialized
subjects of interest to NOTS’ weapons-development professionals—Mechanics
of Continua and Advanced Analysis of Shell Structures—but also at least one
course—Scientific Russian—that reflected the new, if grudging, respect that the
Soviet launch of Sputnik had sparked in the U.S. scientific community.

January 1 was chosen by members of WACOM (Women’s Auxiliary of
the Commissioned Officers’ Mess) to officially kick off the theme contest for
the 1959 Desert Wildflower Show. The show had been held every spring since
1945, the year of WACOM’s establishment; 2,000 guests had attended in
1958. Just as the “termination winds” were an unexpected shock to newcomers
in the high desert, so was the extraordinarily brilliant display of wildflowers
that transformed the desert into a gorgeous vista of color for a few all-too-
brief weeks in later March or early April. The theme for 1959, contributed by
Genevieve Allen, would be “Awakening Desert.”®

Official sunset that day was at 4:48 p.m., though the sun had slipped
below the edge of the Sierra Nevada nearly an hour earlier, dropping the base
into the shadow of the mountains. At about 4:40 p.m. the loudspeaker on the
Administration Building sounded First Call, and 5 minutes later the Call to
Attention crackled over the speaker. Traffic, light on that holiday afternoon,
halted on Blandy Avenue and Knox Street. A few people walking to their cars in
the Michelson Laboratory parking lots stopped and faced the flag. The strains
of the National Anthem floated over Mainside.

Although it was a holiday, many cars remained in the laboratory parking
lot well into the night. China Lakers had a well-earned reputation for working
long hours. In an R&D activities survey 2 years later, the Station would be
asked about its policy on flexible working hours. Command’s official response
would read in part:

64 S-94, Dr. Newton E. Ward interview, 23 Oct 1974, 19.
65 Rocketeer, Jan 30, 1959, 4.
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The majority of our employees reside not more than 10 minutes from
their offices in an integrated work-community situation; and they have
great personal involvement in their work. As a consequence, it is usual to
find professional and scientific employees working, without compensation,
at nights, on weekends and holidays. In a real sense, their vocation is their
avocation. . . . strict adherence to normal working hours would penalize the
laboratory many man-years of effort.%

China Lake legend Bud Sewell, whose contributions to China Lake’s
mission ranged from work on satellites and warheads to counterinsurgency
weapons and field support in Vietnam, phrased it well: “NOTS was not so
much a place to work as a state of mind.”®’

Lee Jagiello, a Sidewinder expert who had designed the critical torque-
balance canard-control system for the missile and who would be one of the
principal architects of the Shrike antiradiation missile, said, “Smartest thing
the Navy did was put NOTS way the hell out there in the desert, build that

beautiful lab, put the guys in there with nothing else to do. So you worked.”*®

For some employees, Thursday’s work would continue into the evening
over drinks at the Officers’ Club, though perhaps not so many as the night
before. A few NOTS residents would take in an evening show at the Station
Theater—Van Johnson in “The Last Blitzkrieg” and a Mr. Magoo cartoon—or
work on projects at the newly opened Hobby Shop on Halsey Avenue, a low-
key finish to a quiet midwinter’s holiday in the desert.”’

As NOTS moved into the final year of the 1950s, the community shared
a buoyant optimism that had been growing throughout the decade and across
America. A holiday greeting, jointly issued by China Lake’s civilian and military
leadership, said in part, “With the advent of the coming year, the opportunity
for achievement in the service of the Nation is outstanding.””°

Franklin H. “Frank” Knemeyer, former Deputy Technical Director for
Strike Systems and head of the Systems Acquisitions Office, identified the era

66  Reply to Questionnaire for In-House Research and Development Activities, NOTS 1DP
1447, Nov 1961, 34, 35.

67 S-106, Robert G. S. “Bud” Sewell interview, 26 Aug 1975, 1. Sewell spent 35 years at
China Lake, earning an international reputation as an expert in detonation physics.

68 Leonard T. “Lee” Jagiello and Vice Adm. William ]. Moran interview by Dr. Ron
Westrum, 18 July 1988, 33.

69 Rocketeer, 26 Jan 1962, 1. The Officers’ Club had been the social hub of the base since
October 1944. It was open to military officers and to NOTS professional employees in
grades GS-5 and above, nonprofessionals in grades GS-9 and above, and members of many
support activities.

70 Rocketeer, 19 Dec 1958, 1.
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just ahead as a time “when China Lake really came of age. . . . We weren't afraid
to tackle anything. We had the expertise here. We had the basic capability to do
whatever we wanted.””!

“We can do it” was the prevailing attitude at NOTS. The Station would
spend the rest of its days working to prove that it could, in fact, accomplish
anything it set its collective mind to do.

71 S-200, Franklin H. Knemeyer interview, 20 Nov and 13 Dec 1991, 42, 76. Knemeyer’s
illustrious 34-year career at China Lake included 6 years as head of the Weapons Planning
Group as well as leadership of the Weapons Development Department during the most
productive years of the 1960s, At his retirement ceremony in 1982, he received the
Distinguished Civilian Service Award, the Navy’s highest civilian honorary award. NWC
Technical Director Robert M. Hillyer said at the time, “He is one of those most responsible
for the success of China Lake, and there is no one in the R&D business today who has had
a greater impact on weapons development.” Rocketeer, 26 March 1982.
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We ought to go shoot the damned thing down!
— Lee Jagiello, speaking of Sputnik, 1957!

On Monday, 14 October 1957, just 10 days after the Soviet Union had
launched Sputnik into orbit, 15 men crowded into the Technical Director’s
office in the second floor of the NOTS Administration Building. One was
a Mr. Cowgill, a visitor from the Army’s Office of the Chief of Ordnance.
The others were all China Lakers: Dr. William B. McLean, the Technical
Director, was joined by the Commander, Captain Hollister, the Executive
Officer Captain Frederick A. Chenault, the Experimental Officer Lieutenant
Commander Donald E. Bruce, and 10 civilian technical experts (including
three department heads) from across the Station.

McLean’s summary of the meeting, in the form of a memo to files (classified
Secret at the time), began, “A meeting was held on the possibilities of NOTS
developing a cheap, lightweight television satellite.” Later in the memorandum,
he referred to the payload as a “reconnaissance satellite.” Considerable discussion
was given to the relative merits of aircraft, balloon, and ground launching, with
the conclusion that aircraft launching would be the preferred method.?

The two-page memorandum makes no mention of Sputnik, nor of the
Soviet Union. Yet given the subject of the meeting, it’s hard to imagine that
Sputnik was not a large presence in the room.

Sputnik’s launch on 4 October had been a slap in the face to American
scientists and engineers. The U.S. and foreign press took the Sputnik story
and ran with it, creating the impression of a disparity—variously known
as the “space gap,” the “missile gap” the “satellite gap,” and the “technology

1 “Secret City. A History of the Navy at China Lake,” China Lake Video Projects Branch,
Nov 1993, Disk 2. Jagiello recalled that he addressed this remark to Haskell G. Wilson.

2 Memo, Doc. No. 01-45, “Meeting in Dr. McLean’s Office,” Wm. B. McLean to files,
14 Oct 1957.
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gap’—between the U.S. and the Soviet Union. If the Soviets had the rocket
power to put a 184-pound satellite into orbit, went the reasoning—Sputnik’s
steady “beep beep” signal was played repeatedly over U.S. radio and television
stations—how difficult would it be for “the Russkies” to lob a nuclear weapon
at North America?

The thought of an orbiting nuclear weapon, a perpetual Damoclean sword
over the United States, was frightening to contemplate. Although President
Dwight D. Eisenhower was one of the most famous Army generals in U.S.
history, the public’s faith in American military strength and, indeed, in American
technological competence was deeply shaken by the Soviet accomplishment.

That faith was further shaken when, on 6 December 1957, the attempt by
the Naval Research Laboratory (NRL) to launch the first U.S. satellite failed
spectacularly. The launch vehicle, Vanguard TV3, blew up before it cleared
the launch gantry. As reported in 7ime magazine, “The U.S.s tiny, grounded
satellite got rechristened stallnik, flopnik, dudnik, puffnik, phutnik, oopsnik,

goofnik, kaputnik, and—closer to the Soviet original—sputternik.”

The Los Angeles Times, under the headline “Vanguard Fiasco Deals Heavy
New Blow to American World Prestige,” reported that “News from Cape
Canaveral, Fla., about the rocket failure hit the State Department with a kind
of sickening thud.” Referring to the “injury suffered” by the U.S. when Sputnik
had been launched two months earlier, reporter John Hightower wrote, “Allied
and neutral nations alike realized then that the Soviet Union had flashed ahead
of the powerful United States, with all of its scientific resources and productive

capacity, as well as its political doctrine of scientific freedom.”

There was no shortage of excuses for Americas apparent second-place
status. Lockheed Aircraft executive Louis Polk, speaking at a conference at
China Lake, said, “The big difference between this country’s space efforts and
those of Russia lies in the two attitudes after Word War II. While the United
States worked hard for disarmament, Russia kept right on with her military and

k 3)5
rocket programs.

At the time of the Sputnik launch, Dr. Ivar Highberg was head of NOTS’
Test Department. Highberg had earned his PhD in mathematics from Caltech
and taught for a dozen years at Whitman College, Washington, before coming
to China Lake in 1947. Looking back from 1981, he recalled the reaction
Sputnik evoked at NOTS:

3 “The Death of TV-3,” Time, Vol. LXX, No. 25, 16 Dec 1957, 9, 10.
4 Los Angeles Times, 7 Dec 1957, 2.
5 Rocketeer, 16 Jan 1959, 1.
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We immediately set out to hunt up apparatus so that we could listen to
Sputnik, and with the JPL [the Caltech-managed Jet Propulsion Laboratory]
being given the responsibility to produce an immediate answer to Sputnik . . .
we joined with Caltech to develop a tracking station for the satellite that they
were going to put up.®

Highberg had been one of the attendees at McLean’s 14 October meeting.

NOTS 1—NOTSNIK
As the shadows lengthened on 1957, China Lake was doing more than

just devising a way to monitor signals sent from a JPL satellite. In November
1957, while Sputnik was still circling the earth (though mercifully its irritating
beep-beep had ceased late in October, 3 weeks after launch, when the batteries
died), NOTS pitched its own plan for the first U.S. satellite to the chiefs of
the Bureau of Aeronautics and Bureau of Ordnance as well as to the NOTS
Advisory Board, a high-level group that both advised the Station and acted as a
liaison between the Station and industry, academia, and government. The plan
had been hatched at the 14 October meeting in McLean’s office.

The payload would be dubbed the Naval Observational Television Satellite
(NOTS 1). As Howie Wilcox recalled in an interview nearly 18 years later, the
original thought behind the project had been a suborbital rocket that could
be used for ocean surveillance ahead of a fleet, but it didn’t take long for the
proposal to evolve into an orbiting satellite launched with a six-stage rocket.”

Advisory Board endorsement was quick in coming. At the conclusion
of the meeting, the board praised the Station “for the excellent study of a
simple earth scanning system largely comprising existing components, and
for ingenuity and invention in simplifying the methods of achieving satellite
orbits.” It further stated, “If the promise indicated to the Board is borne out by
further study, the Board recommends the authorization and vigorous pursuit
of a development phase.”®

6 S-121, Dr. Ivar E. Highberg interview 1 April 1981, 9-10. Highberg retired from China
Lake in 1975. Along with many honors from China Lake and the Navy, he received an
honorary Doctor of Science degree from Whitman College in 1977. He died in 2009 at
the age of 97.

7 Minchen Strang notes on a telephone interview with Dr. Howard Wilcox, 2 May 1976,
National Museum of Air and Space, Space History Technical File ON-21000-01.

8 Advisory Board recommendations, 14-16 Nov 1957, 17-3-17-4. Among the members
of the board that year were Dr. Norris E. Bradbury, director of Los Alamos Scientific
Laboratory; E. H. Heinemann, chief engineer of Douglas Aircraft Corp.; Rear Adm. C. M.
Bolster, USN (Ret.), head of R&D for General Tire and Rubber Co.; W. Kenneth Davis,
director of Reactor Development for the AEC; Dr. William Shockley, director of Shockley
Semiconductor Laboratory (and recipient of the Nobel Prize in Physics in 1956); Carleton
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Technical Director Bill McLean and Associate Technical Director Hack
Wilson hit the road to Washington and eventually briefed NOTS 1 all the way
to President Eisenhower.’

With a positive response in Washington, the original idea of a $200,000
project to demonstrate the air-launched concept soon expanded to an $860,000
ground-launched-satellite project. BuOrd approved and funded that proposal.
In mid-December, however, funding for the rocket motors and launch facility
was halted. (Ina 1993 paper, Dr. John D. Nicolaides, former Technical Director
for Astronautics for the Navy, attributed the funding halt to the Navy’s fear of
embarrassment if the ground-launched version should suffer the same fate as

the Vanguard TV3.)

China Lake then brought forth a new (or a revision of the old) proposal:
an infrared-scanning satellite to be launched not from the ground but from a
Douglas F4D Skyray fighter aircraft. That project quickly became known as
NOTSNIK.' This air-launch concept had actually been the one agreed on by
the attendees at the 14 October meeting in McLean’s office. His memo noted:

The relative merits of ground launching, balloon launching, and launching from
a high-speed aircraft were discussed. It appears that a suitable propulsion system
can be made light enough for installation on the F8U, the F-104, or the B-58.
Launching from the aircraft has a large factor in its favor over launching from
the ground. It is preferable to the balloon in that the initial launch direction
is much easier to control and is closer to the direction required for orbiting.'!

Later in 1958, the Station’s IBM 704 digital computer (referred to in the
annual Technical Program Review as a “calculator”) was used to analyze the
feasibility of an air-breathing ramjet engine-powered air vehicle that could be
accelerated to Mach 2 on SNORT (or on a supersonic aircraft). The winged
vehicle would then accelerate to Mach 4 and climb to 75,000 feet or higher,
where rocket stages would kick in to lift a satellite into orbit. Although this
“flying start” approach showed the possibility of lowered cost and major weight
reduction in the first stage, it was not pursued beyond the analysis stage.'

Shugg, general manager of General Dynamics Electric Boats Division; and Professor Kenneth
S. Pitzer, dean of Berkeley’s College of Chemistry. The Advisory Board was established by Dr.
L. T. E. Thompson in 1949 and continued until the mid 1970s.

9 AdPub 107, Basic Information on the U.S. Naval Ordnance Test Station China Lake,
California, Encl. (1), “In Reply to Secretary McNamara’s Task No. 97,” Aug 1961, 23.

10 The history of NOTSNIK is described in detail in Babcock, Magnificent Mavericks, 434—
442. An excellent account is also in Matt Bille and Erika Lishock, 7he First Space Race, Texas
A&M University Press, 2004, 140 ff. In some documents, NOTSNIK is called Project Pilot..
11 Memo, Doc. No. 01-45, “Meeting in Dr. McLean’s Office,” 1.

12 Technical Program Review 1958, 87-88.
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NOTS vehicle
configuration.
Figure from
Status Report
on the Naval
Observational
Television
Satellite Project,
April 1958.

In those early space-race days, when an IBM computer would still be called
a calculator, NOTSNIK had a wonderful simplicity of design. For example,
the fins on the third-stage propulsion motor, which was timed to fire at 69,000
feet above sea level, were canted just enough to impart a spin to the missile of
5 revolutions per second. This spin allowed the onboard IR telescope to begin
sensing the earth horizon on each revolution, once the missile had reached a
certain angle. That “horizon trigger” fired the fourth-stage motor and imparted
additional velocity to the missile. Following burnout of Stage 4, the Stage 5
motor fired, adding an additional 8,900 feet per second of velocity.

Only the Stage 6 motor remained, a tiny China Lake-designed solid-
propellant spherical motor, 5.5 inches long and 3.5 inches in diameter, with a
1-second burn time and a total thrust of 172 pounds. The motor, weighing a
scant 1%2 pounds, was mounted in the center of the IR scanning payload. At
200 seconds into the flight, a timer on the motor caused the fourth stage to
drop away; then at 3,200 second (about 53 minutes later), the timer fired the
final motor.

While all the other motors had their nozzles facing the aft end of the
missile (as is traditional in rockets), the final motor’s nozzle faced forward,
in the direction of flight. Because the missile was spinning (from the fourth-
stage motors fins), its orientation in space was fixed, through the gyroscopic
effect. During the 53 minutes between Stage 5 separation and Stage 6 firing,
the missile had coasted halfway around the world, 180 degrees. The motor was
now pointing not away from the earth but toward it. When it fired, it provided
what JPL Director Dr. William H. Pickering termed a “kick in the apogee,” the
final push that propelled the little payload into its final orbit. Still spinning, the
IR telescope could now capture sequential strip views of the earth below and
transmit them back to receiving stations on the ground, a so-called “flying spot
scan and raster picture.”

The “flying spot” hardware was designed and built by Aviation Ordnance
ymng g y
Department electronics technician John “Mel” Brawn. Prior to coming to
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China Lake in 1956, Brawn had owned his own television-repair business in
San Diego for 7 years."”

On 31 January 1958, as NOTS was scrambling for funds to continue
NOTSNIK, the U.S. finally managed to launch a satellite. Explorer 1, designed
and fabricated by JPL, was put into orbit with an Army Jupiter-C rocket The
satellite weighed 31 pounds, less than half of which was actual payload. The
successful launch took place nearly four months after Sputnik, and three
months after Sputnik 2, which weighed 1,100 pounds and carried a dog, Laika.

NOTS’ partnership with JPL in the development of tracking stations paid
off. The Rocketeer reported, “The minute signal radiated from the United States’
first man-made satellite was received at NOTS Microlock station at 9:41 p.m.
last Friday, as the baby-moon began its repeating 115.2-minute orbit.”*4

Six weeks after Explorer 1’s launch, Vanguard 1, the first Navy satellite,
reached orbit. NRDs satellite measured just over 6 inches in diameter and
weighed 3.2 pounds and was derided by then-Soviet Premier Nikita Khrushchev
as “the grapefruit satellite.”"®

Compared to the two Soviet Sputniks, the Explorer 1 and Vanguard 1
were indeed diminutive. But greater accomplishments lay ahead for the U.S.
Though starting late out of the gate, the nation threw itself wholeheartedly into
the “space race” with the Soviets and quickly began to catch up.

By January 1959 a Ridgecrest newspaper would be able to report that the
U.S. had 8,900 pounds of satellites in orbit—twice as much as the Soviets.'®

In typical China Lake fashion, work had begun on NOTSNIK as soon
as Station management decided it was a good idea. Financing for the effort
came from in-house exploratory development funds, augmented as necessary
by monies on the Station for other projects. Still, by mid March 1958, the
funding situation was becoming desperate. Then came a welcome turnaround
from the Advanced Research Projects Agency (ARPA).

ARPA head Dr. Herbert York—who had initially looked askance at the
NOTSNIK proposal—decided to support the program, a change in position
brought about because China Lake’s project coincided with a super-secret
Navy-led program to detonate three nuclear devices outside the atmosphere

13 NOTS 2000 Rev. 1, Status Report on the Naval Observational Television Satellite Project,
China Lake, CA, April 1958; Rocketeer, 2 July 1971, 7.

14 Rocketeer, 7 Feb 1958, 1.

15 Naval Research Laboratory Press Release 21-03r, 10 March 2003, “Vanguard Satellite
Marks 45 Years in Space,” http:/fwww.nrl.navy. millpressRelease. php?Y=2003¢R=21-03r, acces-
sed 19 Oct 2009. As of 2009, Vanguard 1 was still the longest-orbiting man-made satellite.
16 IWV Independent and Times-Herald, 1 Jan 1959, A2.
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over the South Atlantic Ocean. York realized that the NOTS satellite launch
vehicle could be used to place radiation sensors in orbit to monitor the effects
of the explosions. Thus China Lake became a player in Operation Argus.'”

The Argus exo-atmospheric explosions were scheduled for August 1958.

Around April, according to official Operation Argus records:

... an additional project was added: the launching of small satellites into polar
orbits from naval fighter aircraft under the cognizance of the Naval Ordnance
Test Station . . . to provide additional Earth satellite instrumentation as a
backup to Explorer IV [a U.S. satellite launched in July 1958] for measuring
the ARGUS effect.'®

Although there was now money for NOTSNIK—according to one 1961

report, by July 1958 NOTS had received more than $1.3 million for the project
from ARPA, BuOrd, and the Armed Forces Special Weapons Projects Agency—
there was simply not enough time to properly carry out the enormous amount
of work that needed to be done."

Propulsion engineer Crill Maples, fresh from Oklahoma State University,

was immediately put to work on NOTSNIK. As he recalled in 1974:

Charlie Bernard . . . came to get me at 5 a.m. on my very first day on the job,
and I never got home again for a week. That was in conjunction with work on
the NOTS 1. I was indoctrinated right away on the crash methods of NWC,
famous all over the world at that time.?

According to the records of the Defense Nuclear Agency (DNA):

In the 5 months prior to ARGUS, NOTS personnel designed, fabricated,
tested, and attempted to launch a new kind of satellite. The launch vehicle
and satellite were to be carried aloft by a Navy F4D-1 aircraft that would then
launch the rocket intended to place the satellite package in orbit. Each satellite
instrument package contained radiation-sensing and -counting equipment,
plus a transmitter. NOTS-built/JPL-designed Microlock stations, manned
by NOTS personnel, were shipped to New Zealand, Alaska, Greenland, the
Azores, and Hawaii to track the satellites and to receive telemetered data.?!

17 Defense Nuclear Agency (DNA) 6039E, Operation Argus 1958, 30 April 1982, 1.
According to this report, “The ARGUS shots were conducted to test the Christofilos theory,
which argued that high-altitude nuclear detonations would create a radiation belt in the
upper regions of the Earth’s atmosphere. It was theorized that the radiation belt would have
military implications . . . .

18 Ibid., 23.

19 AdPub 107, Encl. (1), “In Reply to Secretary McNamara’s Task No. 97, Aug 1961,” 39.

20 Rocketeer, 20 Sept 1974, 7.

21 DNA 6039F, Operation Argus, 46. The Station constructed five of these portable
stations (3,500-pound shipping weight) each consisting of three 6-foot racks of electronics
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The television satellite concept was on standby, at least temporarily.

To add to the complexity of the task, the nature of the payload and frequency
constraints required the designers—all products of the electron-tube school of
design—to use transistors. Phil Arnold, who had arrived in China Lake in 1955
to stay until his retirement as head of the Weapons Planning Group almost
40 years later, designed the transmitter for NOTSNIK while working in Bud
Sewell’s Long Range Missile Branch. Arnold noted that he “had zero experience
designing transistor circuitry, let alone state-of-the-art radio transmitters.”*

There were to be two different payloads. The first vehicles would carry
FM/EM diagnostic payloads: a wet-cell battery, the low-wattage 108-MHz
transmitter designed by Arnold, and a subcarrier oscillator designed by Richard
V. Boyd. Leo Kielman made the fiberglass skin and foam packaging structure.
The diagnostic payloads were intended to demonstrate that the satellites could
actually transmit data from orbit.

The final three vehicles would carry the Operation Argus radiation sensors,
designed and built by Mel Brawn of NOTS Aviation Ordnance Department’s
Development Division No. 3 (Instrumentation). The operational specifications
and the circuitry for the Argus payload came from famed American space
scientist James Van Allen, then head of the Department of Physics and
Astronomy at the University of lowa.?

Security was tight for Operation Argus. Even the then-classified Zechnical
Program Review described the payloads as “cosmic-ray satellite probes.”?*

Developing the NOTSNIK launch vehicle, designated NOTS-EV-I
(EV for experimental vehicle), and its payloads in only five months required
superhuman effort. Arnold recalled a work schedule of “14-15 hours a day,
6 days a week,” and the occasional working Sunday. His team worked in China
Lake’s celebrated Building X, a precise replica of the atomic bomb assembly
building on Tinian Island. Building X had been constructed for NOTS’ work
on the Fat Man bomb, which had undergone flight and aerodynamic testing at
NOTS late in WWIL»

and a five-turn knockdown helix receiving antenna. For satellite observation, NOTS also
developed a satellite tracking capability for cinetheodolites as well as ballistic streak cameras
for satellite photography.

22 §-275, Phil Arnold interview, 28 April 2009, 7.

23 S$-188, Rod McClung interview, 22 and 26 March 1991, 40, 41; WT-1667, Project
Operation Argus, Satellite Launching from Aircraft, Defense Atomic Support Agency,
Washington, DC, 25 May 1960, 20.

24 Technical Program Review 1958, 60.

25 §-275, Arnold interview, 8; Babcock, Magnificent Mavericks, 435. NOTS also
manufactured the non-nuclear explosive components for the first atomic bombs at the Salt
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In a review of the NOTSNIK project’s management, published 2 years
later, Dr. Eugene Walton of Central Staff quoted an unnamed member of the

NOTS team:

I feel that the time schedule was set up in either a very optimistic or an
opium-smoking atmosphere, or else it had to be set (that way) in order to
get any support at all. Certainly they were not set up on any sound technical
considerations . . . .2

At some point during the hectic process of design and test, the launch
vehicle was reduced from the original six stages (not counting the launch
aircraft), to five, through the elimination of the 5-inch-diameter Zuni motor
designed to kick the vehicle up and away from the launch aircraft. A study of
flight and guidance tolerances showed that ballistic performance, using pre-
set timed ignition of the five stages would be nearly—but not quite—reliable
enough to put the payload in orbit. Therefore “a scheme was designed to ignite
the important third-stage rocket at the precisely correct trajectory-elevation
angle by using a telescope, rigidly mounted in the vehicle, to sense the earth’s
distant horizon.” Total number of moving parts in the launch vehicle: zero.?”

Forces far from NOTS were driving the time schedule. The United States
had committed to a voluntary cessation of nuclear tests starting on 31 October
1958, and that was the clock against which all Argus participants were racing.

Operation Argus was managed by the fledgling ARPA organization and
required the coordinated efforts of the Atomic Energy Commission (the nuclear
devices), the Army (the three Explorer rockets that launched the nukes), the
Navy (China Lake and the Naval Research Laboratory), the Air Force (high-
altitude sounding rockets to study the “lower fringes of the expected effect” at
an altitude of 500 miles), as well as the Smithsonian Institution, the University
of Iowa, and various contractors. The heart of the operation was Task Force 88,
a fleet of nine ships and some 4,500 sailors commanded by Captain (later Vice
Admiral) Arthur R. Gralla aboard USS Norton Sound (AVM-1), from which

the rockets carrying nuclear devices were launched.?®

Between 25 July and 28 August, NOTS tried six times to launch a satellite.
For each launch attempt, the F4AD “first stage” carrying EV-1 would take off

Wells Pilot Plant. These explosive “lenses” were precisely designed to crush the nuclear core
material of the bomb to initiate the nuclear reaction.

26 Eugene Walton, A Review of the Management of the NOTS I Project, NOTS IDP 1092,
Aug 1960, 20.

27 Technical Program Review 1958, 60.

28 James R. Killian, Jr., Sputnik, Scientists, and Eisenhower, Cambridge, London, MIT
Press, 1977, 188; DNA 6039F, Operation Argus 1958.
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Ordnance technicians loading NOTSNIK on F4D-1 Skyray aircraft, 19 July 1958.

from China Lake’s Armitage Field and fly to the Pacific Missile Range, over the
Pacific Ocean near Point Mugu, California. The pilot would launch the rocket
from a 57-degree climb at 35,000 feet over the range. The missions were flown
by NOTS project pilots Commander Hal Lang and Lieutenant Commanders
Joel Premselaar and Bill West.*

At least four of the EV-1 launches failed. The primary problem was the
first- and second-stage rocket motors. These HOTROC:S, as they were called,
were specially modified versions of the China Lake-developed Antisubmarine
Rocket (ASROC). China Lake engineers had thinned the cases and added extra
propellant to give a better thrust-to-weight ratio. NOTS-EV-1’s designers had
wanted to use Sergeant motors, designed for the Army’s new surface-to-surface
missile, for the first and second stage, but this request had been nixed back East,
perhaps for reasons of Navy pride.

Two of the NOTS-EV-I rockets may have achieved their goals. According

to military historian Norman Friedman:

It appears that the rocket orbited a short lived satellite on its first attempt on
25 July 1958 (a Minitrack [Microlock] station at Christchurch, New Zealand,
detected a sign; the rest of the network had shut down after the launch pilot
thought—apparently incorrectly—that he saw the rocket explode after

29 Joel Premselaar, quoted on China Lake Alumni website, http:/fwww.chinalakealumni.
0rg/1958.htm, accessed 15 Sept 2009.
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launch). After a failure, there was another apparent success on 22 August of
the same year, the New Zealand station picking up signals on the expected
first and third orbits. In both cases, probably the last stage failed to ignite, the
fourth stage having given the satellite too low a perigee (60 miles) to last for
very long.*

The two possible successes Friedman refers to would have been the first
and third diagnostic payloads. According to Sewell and Knemeyer, all three
of the rockets carrying the radiation payloads fell into the ocean when the

first stage—the HOTROC: that China Lake had been pressured into hastily

developing in lieu of the Sergeant motors—failed to ignite.’!

A 1994 Los Angeles Times article also reported that two of the satellites
reached orbit, citing John Nicolaides. At the time of the NOTSNIK program,
he was Systems Director, Aviation Ordnance, the senior civilian position in the
BuOrd Planning, Coordination, and Analysis Branch. It was this office—later
titled the Technical Director for Astronautics—that coordinated the Navy’s
nascent space program. Nicolaides reiterated the two-satellites claim in a 1996
interview.’> Whether or not any NOTS satellites launched reached orbit,
the program was unsuccessful in delivering the goods for Operation Argus.
According to a DNA account:

On 25, 26, and 28 August NOTS attempted to launch the satellite with the
radiation counting payload on board. All three of these attempts also failed.

Consequently, the NOTS project was not operational during any of the
ARGUS shots.®

Nicolaides stated in a 1996 interview with Peter Pesavento, a writer on
space and military history, that news of the possible success of two launches
was relayed to President Eisenhower, but the decision was made not to publicly
acknowledge the success, if success it was. Politics may have played a role—the
Air Force’s launch methods were far more expensive than China Lake’s, but the

30 Norman Friedman, Seapower and Space: From the Dawn of the Missile Age to Net-Centric
Warfare, London, Chatham Publishing, 2000, 33.

31 S-297, Knemeyer, Sewell, Doig, and Lincicum interview, 7.

32 Ralph Vartabedian, “One Last Transmission From Satellite Old-Timers,” Los Angeles
Times, 2 Oct 1994, D1; Peter Pesavento, “US Navy’s Untold Story of Space-Related Firsts,”
Spaceflight, the International Magazine of Space and Astronautics, 38, No. 7 (July 1996): 239.
In a 1996 interview by Pesavento, Nicolaides stated that the actual name of the project was
NOTSNIC: “The name NOTSNIC was “NOTS” for the Naval Ordnance Test Station,
and the “NIC” was for the first part of my last name . . .

33 DNA 6039E Operation Argus 1958, 46. The Argus report did note that “The NOTS
microlock ground receiver stations, however, did assist in tracking Explorer IV and
monitoring its telemetry signals. Explorer IV, which had been launched in July 1958,
collected radiation data from the Argus tests.
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last thing the President needed at that point in the space race was a fragmented
and incoherent program.**

After the failure of the Stations first guided missile, the NOTS AM
(NOTS Air Missile), which had been cancelled in 1949, McLean had decried
the project’s “easy looking and seductive approach of welding ‘off-the-shelf’
components into a system,” as well as the project’s “design by committee,”
which he believed resulted in “the final product clearly showing the lumpy
structure representing individual enthusiasms.”

“Design by committee” and “off-the-shelf” seem to have played a role in
the failure of NOTSNIK as well. Not a week after the last NOTSNIK had gone
in the drink, Bud Sewell wrote a memo to Bernard “Barney” Smith, head of the
Weapons Development Department. Sewell’s memo began, “Approximately
ten months and four million dollars ago, the NOTS Project was started . . .” 3

Obviously rankled by the NOTSNIK experience, Sewell called it “a prime

example of how not to run a project” and described the task as:

. undermanned in the skills and techniques required and undersupplied
with the material required for such a project. It was limited continually by
supply and facilities and faced such other hardships as unrealistic time scales;
unrealistic cost estimates; panic at all times; uncoordinated activity; conflicting
information from various sources connected with the project; lack of clear-cut
lines of responsibility, with the resultant lack of knowledge of whom to see
to correct an obvious fault; and, perhaps the most important, lack of a true
project engineer for the first six months or more of operation.

He zeroed in on the key technical weakness:

Forced by a political situation at much higher levels, the Station had to use
a system of motors which were not those desired for this project. . . . the

34 Pesavento, “US Navy’s Untold Story,” Spaceflight, 241.

35 “Air-to-Air Interception,” NOTS 2068, Weapons: Journal of Research, Development, and
Test, 1, No. 1, NOTS, 1 Jan 1959; “Research and Development of Military Equipment,” 17
April 1959, Retrievable Manuscript (RM) 24, Collected Speeches of Dr. William B. McLean,
China Lake: NWC, 1993, 12.

36 Memo, 4053/RGSS:ch Reg. 4053-42, “Informal thoughts on the NOTS Project,”
Head, Long-Range Missile Branch, to Head, Weapons Development Department, 2 Sept
1958. Smith would leave NOTS in 1960 to become chief engineer for the Bureau of Naval
Weapons and later Technical Director of the Naval Weapons Laboratory, Dahlgren, VA.
He said in his autobiography that he left China Lake because McLean “was asking me to
divert money from other projects to a continuation of the space work and he honestly felt
he had the right to do so as Technical Director. He had absolutely no faith in our masters
in Washington and he was certain they were incompetent drones. I could share some of
those views, but I could not in good conscience agree to diverting the money for which I
had made personal promises in the Bureau.” Bernard Smith, Looking Ahead from Way Back,
Richmond, IN, Prinit Press, 1999.
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Station had to develop the HOTROC cluster to use as the first two stages of
the missile system. These motors are extremely thin-walled, high performance
motors and in this capacity perform admirably; however, in addition, they are
forced in this system to serve as principal parts of the structure, making their
marginal wall thickness, which while adequate as motors alone, inadequate as
both motor and structure.

Positive results were also noted: “excellent motors have been developed”
(referring particularly to the 8-inch and 3-inch motors) and “considerable
expertise has been gained by many groups on the Station in transistor circuitry
and radio frequency design.”

Finally, Sewell made several recommendations for future projects (“Avoid
unrealistic time scales and the resultant panic which they entail.”) Perhaps most
interesting was his final piece of advice:

Make realistic cost estimates and do not try to sell the efforts of this Station
as being cheap. Good work will be bought regardless of cost and realistic

cost and time estimates are certainly appreciated by the Bureau more than

unrealistic ones.?”

The allusion to cost is significant; NOTSNIK’s paper trail is cluttered
with conflicting estimates of the magnitude of cost and the sources of funding.
Apparently, a significant portion of the money for NOTSNIK came from
Sidewinder missile development funds. Dr. W. E “Frank” Cartwright, head
of the Air-to-Air Weapons Division (home of Sidewinder development),
was called east to justify the extensive expenditures that had gone to into the
Station’s satellite program. He explained that the money had been used for a
project called “HAIRS,” a High-Altitude Infrared (Background) Survey. Years
later he commented “How else than measuring from space? Sidewinder is, in
fact, an IR guided weapon.”®

As with Sidewinder and numerous other programs, the Station’s ability and
willingness to quickly reallocate assets had allowed NOTSNIK to proceed full-

bore, even as the money came in fits and starts.

In one sense NOTSNIK was a failure, but in others it was a success. The
program forced the Station to develop rudimentary expertise in new technologies
that were essential to satellites. Experience with NOTSNIK also pointed up
the need for new, better-instrumented propulsion-development facilities. One
technological innovation employed in NOTSNIK and used in countless man-
made satellites since, is the nutation damper. This device controls a rotating

37 1Ibid.
38 Frank Cartwright emails to the author, 8 and 13 Nov 2009.
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body’s precession (wobbling, like a spinning top). NOTSNIK’s mercury-
thallium filled nutation damper was based on one developed by NOTS to
control precession in the Sidewinder missile gyroscope.

Perhaps coincidentally, and certainly ironically, in that same week in August
1958 that the final NOTSNIK launch failed to put the Argus radiation sensor
into orbit, Addison M. Rothrock, administrator of the then-month-old National
Aeronautics and Space Administration (NASA), and three representatives from
ARPA toured the Station’s facilities “for the specific purpose of determining the
capability of NOTS to assist in the national space program.””

Although ARPA pulled the plug on NOTSNIK’s funding after the radiation
sensors failed to reach orbit, China Lake did not get out of the satellite launching
business. By year’s end, the Station had submitted a proposal to BuOrd for

... an aircraft-launched missile assembly capable of placing a small satellite
payload into orbit. The special characteristics of this proposal were that the
missile should be an ordnance item that could be handled by the Fleet and
be sufficiently simple and inexpensive so that reconnaissance, navigation,
communication, and similar types of small satellite payloads could be used
readily whenever they were needed.

The Station had developed a corps of experts and a body of expertise in the
technologies associated with satellite delivery. The NOTSNIK development
team had met and solved innumerable technical problems, and despite the
dismay that went with failure, there was an upbeat “we came so close!” attitude.
NOTS was not about to bow out of the space venue. Next would come Transit
and NOTS’ first “official” orbiting payload. But first there was a little matter of
moon photography to take care of.

Lunar Scanner

While much of China Lake’s scientific and engineering staff worked madly
on the NOTSNIK project, work was continuing on that original idea cooked
up in McLean’s office in October 1957—a television satellite “based on the
utilization of spin of the last stage for gyro stability, as well as to provide the
scanning necessary for a television picture.” McLean had done some calculations.
Using a spin rate of 500 revolutions per second (which he calculated as the
bursting strength limit of the final stage) and an orbital velocity of approximately
22,000 feet per second, he concluded that “the distance between scan lines on
the ground could be as small as 50 feet.”*!

39 Rocketeer, 29 Aug 1958, 1.
40 Technical Program Review 1958, 5-6.
41 Memo, Doc. No. 01-45, “Meeting in Dr. McLean’s Office,” 14 Oct 1957.
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The TV scanner had been displaced by the diagnostic and radiation-sensor
payloads for the NOTSNIK/Argus shots, but engineers continued to refine the

concept, and an opportunity to use it came from an unlikely quarter: the Air Force.

By mid 1958, the Air Force had still not yet entered space. Earlier in the year
the Army had orbited Explorer 1, and the Navy had followed with Vanguard.
The Air Force was eager to join in the space exploration and exploitation effort.
Its first actempt would be in support of NASA’s Pioneer series of space probes
launched in conjunction with the International Geophysical Year (IGY), which
by international agreement lasted from 1 July 1957 through the end of 1958.
Pioneer’s mission was to gather information on the outer-space environment as
well as to orbit and survey the moon. To this end the probe’s payload included
a magnetometer and micrometeorite detector and a NOTS-developed TV
camera (called the Lunar Scanner in NOTS technical literature) designed to
take pictures of the side of the moon that always faces away from the earth.

Pioneer 0 was launched in July 1958 but was destroyed shortly after takeoft
when a Thor rocket motor failed. Pioneer 1 was launched that October. Both
Pioneers (also designated Able-1 and Able-2) carried the NOTS camera. The
camera’s principle of operation reflected the spin-scanning design described in
McLean’s 1957 memo, but it had been tailored for the lunar mission by a group
of China Lake engineers led by R. Gordon McCarty, with funding from ARPA.

McCarty had received his MS in physics from Wayne State University in
1951. Between that time and joining the China Lake team in 1955, he had
worked for NRL on radar, spent a yearlong fellowship at Vanderbilt University
courtesy of the Institute of Nuclear Studies, undertaken additional studies at
Mlinois Institute of Technology, and worked for Armour Research Foundation
as a nuclear physicist. By 1958 he was head of the Countermeasures Branch
of the Weapons Development Department, and he and his team designed and
built the IR-sensitive optical telescope scanning system for Pioneer. As he wrote

in 1959:

One of the first space payload tasks undertaken at NOTS was the development
of a scanner for the Air Force’s lunar probes which would generate a picture of
the back side of the moon. The terminal stages of the AF vehicles were spun
to between two and three revolutions per second to achieve spin stabilization
of the vehicle above the atmosphere. It seemed worthwhile to incorporate
the spin and resultant gyroscopic stability into the design of the experiment.
Hence the optical telescope was mounted perpendicular to the spin axis and
allowed to sweep out a narrow circular strip scan.

Here again the Sidewinder-based NOTSNIK-designed nutation damper
was employed for payload stability.
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The damper . . . consists of a ring partially filled with mercury and placed
concentric with the spin axis and above the center of mass. The mercury revolves
at a rate different than the spinning body while nutation exists but remains fixed
relative to the body after damping the nutation. The damper, although quite
simple, has been found to be extremely effective and works rapidly.*2

A 2Y2-inch convex mirror focused light in a lead sulfide photocell detector
with a 0.003-inch-square sensitive area. When the scanner was 10,000 miles from
the moon, the mirror would focus light from an area of about 100 square miles so
that as the device rotated it would see the moon’s surface as a series of lines each
10 miles wide. The signals from the detector would be transmitted at a frequency
of 108 MHz to an Air Force receiving station in the Hawaiian Islands.*?

McCarty’s team, like most NOTS project teams, was anything but insular.
When the members needed something outside their collective expertise, they
reached out and found it.

One problem arose in trying to bond and hermetically seal the lunar scanner’s
wet cell batteries—the cases were made of acrylonitrile styrene copolymer, and
none of the commercially available solvents could adequately seal the material.
Plastics scientists in Michelson Laboratory’s research wing used a polyester
styrene copolymer to develop a block polymer that had exceptional strength
and proved satisfactory for the application.

To maximize the life of the camera’s 5-pound battery, the scanner’s design
incorporated an ingenious power-saving scheme. First, the entire system would
remain deactivated until the final-stage motor fired to slow the payload as it
neared the moon. That firing would close a switch to activate the transistorized
video amplifier, which would operate continuously.

If light pulses are detected, the signal-present sensor (a condenser-charging
circuit) will cause a relay to close which will supply . . . power to the vacuum
tube circuitry of the oscillator modulator and power stages of the transmitter.
When light pulses cease to be detected, the condenser discharges, the relay
falls open, and the battery power is conserved until the next occasion for
picture transmission. . . . The [payload] is spinning in a circular or elliptical
orbit around the moon. The light sensor is alternately looking at black space
and light from the sun reflected from the surface of the moon.*

A simple, elegant solution.

42 R. G. McCarty, “Designing Small Space Payloads,” Astronautics, May 1959, 24-25.

43 China Lake History Program Document 7522/MS-46, Information on NOTS Lunar
Probe Equipments (undated).

44 1958 NASA/USAF Space Probes (Able-1) Final Report, Vol. 2, Payload and Experiments,
Los Angeles, Space Technology Laboratories, Inc., prepared for Air Force Ballistic Missile
Headquarters, 18 Feb 1959, 121.
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Pioneer 1’s launch on 11 October 1958 was flawless. However, the first
stage of the Douglas Thor-Able launch vehicle burned for 3 seconds longer that
it should have. The result, rather than a trip around the moon, was a 43-hour
flight that carried the vehicle and its payload more than 79,000 miles above the
earth.

Because the final-stage retrorocket was never fired, the TV camera was not
activated during the flight. It would be another year before the Soviet Luna 3
satellite sent back to earth the first images of the far side of the moon.®

Undaunted, McCarty’s group continued work on satellite payloads. Much
like NOTS itself, the team was looking in all directions and working on
meteorological satellites to scan the earth as TV systems, simultaneously in the
ultraviolet, visible, and infrared; radiation satellites to explore the local visible,
ultraviolet, X-ray, visible, infrared, and cosmic-ray regions; and astronomical
satellites to yield stellar-radiation data and pictures in the ultraviolet, infrared,
and radio regions.“

Transit

Another Navy space program jump-started by the Soviet’s launch of Sputnik
was Transit, also called the Navy Navigational Satellite System (NAVSAT).
Transit was designed to provide accurate positional information for the Navy’s
Polaris ballistic missile submarine.

The first Transit satellite was launched in April 1960, and the system went
into service in 1964. It remained operational until 1996, when it was rendered

obsolete by the Global Positioning System (GPS).

The Station’s primary involvement in the Transit program was development
and operation of the ground tracking stations known as Navy Correlation
Detection and Receiving Stations (NACODE), the same system NOTS had
developed jointly with JPL in 1958 for tracking Explorer 1, adapted now by
NOTS to track the Transit satellites.

As Highberg explained:

The work that we had done on this program [tracking Explorer] then got us
into the Navy’s Transit Program, and we developed the tracking stations for
the Transit Satellite and built and operated, eventually, 10 tracking stations for
the Transit all over the globe.?’

45 William O. Miller, “AF Alters Pioneer for Third Moon Try,” Missiles and Rockers, 4,
No. 16, 20 Oct 1958, 13-14.

46 Technical Program Review 1958, 61.

47 S-121, Highberg interview, 10.
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Colvard, who worked on NACODE as a Junior Professional in 1959,

remembered that:

We were building [NACODE], which was a Doppler tracker, a scheme that
got the location of the satellite from measuring the Doppler shift. I helped
build those and we took them all over the world, to Australia, Turkey, Brazil,
Newfoundland, Puerto Rico. I wound up taking one to Puerto Rico.®8

China Lake also took a big step into digital electronics with the
development of the Naval Ordnance Data Automation Center (NODAC). The
system converted analog data into digital data at rates up to 33,000 conversions
per second, and then fed the data to the Station’s state-of-the-art IBM 709
computer.

“The NODAC had been developed out of our desire, and my demand,
that we no longer photograph Doppler radar records and measure them by
hand laboriously, but that we count electronically the Doppler waves,” said
Highberg.®

The greater significance of the Transit program for NOTS was that it
unequivocally placed the Station’s first payload into orbit. In the course of
developing Transit, several “demonstrator” satellites were orbited (and in some
cases were attempted unsuccessfully to be orbited). Not all of the demonstrators
contained payloads related to the positional-location mission of the Transit
system.

The first successful Transit satellite launch (Transit 1B) occurred on 13 April
1960 and carried a NOTS-developed IR scanner (as had an earlier unsuccessful
attempt, Transit 1A, in September 1959).

On 22 June 1960, the second successful launch (Transit 2A) carried twin
payloads into orbit: a Naval Research Laboratory solar-radiation measurement
satellite and the NOTS IR scanner. Three of the NACODE receiving stations
were modified with increased bandwidth to receive data telemetered from the
IR scanners.

The Station’s Tech History reported that:

. . . quantitative data were obtained on the intensity and distribution of
infrared radiation radiated by the earth, and an infrared picture of the earth as
seen from a satellite 600 miles up was obtained by tape recording and analysis
of radio signals from the Transit satellite.”

48 NL-T28, Colvard interview, 2.
49 NOTS Command History 1960, 7 ; S-121, Highberg interview, 11.
50 NOTS TP 2598, NOTS Tech History 1960, Jan 1961, 15.
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By July 1959 McCarty had become head of the Special Projects Branch of
the Weapons Development Department, and from there he led the successful
development of the IR camera system flown in the Transit program.

This version of the camera was substantially larger than that which had
flown on the Pioneer mission. The IR-sensitive telescope, batteries, transmitter,
and associated electronics weighed a hefty 18 pounds. McCarty’s development
team included Frank St. George, Jim Lee, Ray Francis, Jim Hurtt, and Wade
Abbot.!

Transit 2A’'s camera system operated like the one developed for Pioneer,
scanning strips of the earth and its cloud coverage with each revolution of the
satellite. The signals from the IR detector were transmitted to two tracking
stations, one at Walla Walla, Washington, and the other at China Lake. At
each site a 28-foot-diameter mobile parabolic antenna (built from scrap by
Station personnel) picked up the signals, which were then recorded on tape for
display and analysis. The Test Department’s Telerecording Section, under Bob
Merriam, handled the setup and operation of the ground tracking stations.

By the time of the June 1960 launch, McCarty had left the Special Projects
Branch to work on the manned submersible Moray, and Donald K. Moore had
taken over the branch. Moore described the images from Transit 2A as “what

surely would have to be the first infrared pictures from space.”?

The successful launch of Transit 2A and the transmission of IR pictures
from space back to earth was a technical milestone for the U.S. space program.
Rear Admiral Thomas F. Connolly, who headed the Bureau of Naval Weapons’
Astronautics Department (and who as a captain had been the NOTS
Experimental Officer from 1952 to 1954) remarked that the launch of Transit
2A meant the United States was “moving into the space age for real—now that

we can get devices up there and use them.”

In late July Moore’s group put together an article about the Transit 2 payload
for the Rocketeer. The article took up about half of page 4, complete with a
detailed photograph of the IR-scanner components, a sample scan display, and
a map of the satellite’s path. Moore recalled that he “then right quickly found,
‘Hey, you better not talk about that, that may be confidential.””>*

51 Rocketeer, 29 July 1960, 4.

52 S-185, Moore interview, 37. Moore, an engineer, worked at China Lake from 1954
to 1967, when he followed McLean to the newly formed Naval Undersea Warfare Center.
Another Don Moore, Donald W. Moore, a noted chemist, conservationist, and ornithologist,
also served at China Lake, working there from 1951 to 1984.

53 Rocketeer, 29 July 1960, 4.

54 S-185, Moore interview, 37.
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Although no one at NOTS was speaking publicly of the potential of an IR-
camera-carrying military reconnaissance satellite, that application must have
been considered. Since the early 1950s the U.S. had been engaged in strategic
reconnaissance of its Cold War adversary, first with converted bombers, then,
from 1955 on, with the U-2 high-altitude surveillance aircraft. The shoot-
down of Major Francis Gary Powers” U-2 over the Soviet Union in May 1960,
showed that even the most sophisticated winged aircraft did not provide a safe
enough vantage point for observation, and the next logical step was straight up.

There is no debate that the U.S., since the mid 1950s, planned to launch
reconnaissance satellites that would gather intelligence as they overflew the
Soviet Union. The biggest problem was the technical challenge, but another
stiff barrier was international law. Nations had long recognized the concept of
territorial waters wherein a nation might seize an intruding country’s ships, and
territorial airspace where the nation might legally shoot down foreign aircraft.

The United States did not want that concept of territoriality extended
into space. Above the atmosphere, the Eisenhower administration claimed,
satellites should not be subject to the sovereignty of the nations they overflew.
The U.S. called this policy “freedom of space” and argued for it to be codified

in international law. The Soviets balked at the principle.

In 1954 Eisenhower had appointed a group—originally called the Surprise
Attack Panel, but later retitled with the more innocuous Technological
Capabilities Panel (TCP)—under the leadership of MIT President James R.
Killian, Jr., who would later become Eisenhower’s Science Advisor. The TCP’s
task had been to inform the President of new technologies that could prevent
a surprise attack on the U.S. The TCP’s final report in February 1955 had
recommended that the U.S. institute a nonmilitary artificial satellite program
to establish the “freedom-of-space” principle and pave the way for subsequent
military missions.

The International Geophysical Year, scheduled for 1957-1958, had seemed
to provide the ideal opportunity to implement that recommendation. What
better time for the U.S. to launch a scientific satellite? By mid 1955, the nation
had embarked on two space projects: one a purely scientific effort to launch a
scientific satellite that would demonstrate the idea of “freedom of space,” and
the other a military satellite project known as WS-117 that would eventually
become Corona. It is not without irony that freedom of space was de facto
established by the Soviets themselves when Sputnik overflew many countries,
crossing international boundaries without any diplomatic controversy.
The day after Sputnik’s launch, Eisenhower’s Deputy Secretary of Defense

54



Chapter 2. Reaching Skyward

Donald Quarles had reportedly told the President that the Soviet Union had
unintentionally done the U.S. a “good turn” in establishing the freedom-of-
space concept.”

Between 1960 and 1972, the Air Force and CIA launched a series of more
than 100 reconnaissance satellites, aptly named the Keyhole series, under the
Corona program, authorized by President Eisenhower in 1958. The imagery,
which was used for both intelligence and mapping, had a resolution of 25 feet,
later improved to 6 feet. Each Corona satellite used a rotating stereo panoramic
camera to capture visible imagery on 21,500 feet of 70mm film. When each
Keyhole satellite completed its mission it would be “de-orbited” and recovered
by an Air Force C-119 as it parachuted toward Earth.>

The approach used by NOTS on Transit 2A was significantly different from
that used on Corona. NOTS’ Transit used real-time transmission of the imagery
and did not rely on the complex, expensive, and occasionally unsuccessful air-
snatch film-recovery technique used for Corona.

Another distinction between the two program had to do with the nature of
IR imagery, such as that being developed by NOTS. IR imagery is responsive to
temperature variations in the object being observed and is therefore well suited
to meteorological applications. It also offers advantages over visible spectrum
imagery in certain military reconnaissance applications. Using temperature
variations that can be detected by IR imagery, according to military experts, “it
is possible to determine if oil is running through a pipeline, if a nuclear reactor

is active, or if a vehicle is operating or not.”’

Military reconnaissance satellites and NOTS seemed to be a good match,
given the Station’s IR imaging expertise as well as the lessons learned from the

1958 NOTSNIK development.

China Lake engineers were also working on a precessible (steerable) telescope
for space applications. In his 1959 article, McCarty said that “an attempt will be
made to include a precession system that can be controlled from the ground” using
high-pressure gas emitted from a nozzle.’®

55 Dwayne A. Day, “Cover Stories and Hidden Agendas: Early American Space and National
Security Policy,” Quest, the History of Spaceflight Quarterly, hitp://history.spacebusiness.com/
sputniklfiles/sputnik56.pdf, accessed 3 Jan 2010.

56 National Reconnaissance Office, Corona, http://www.nro.gov/coronalfacts. html, accessed
22 Nov 2009.

57 AU-18 Space Primer, prepared by Air Command and Staff College Space Research
Electives Seminars (Maxwell Air Force Base, AL: Air University Press), 173; htp://
space.au-18-2009au-18_chap13.pdf, accessed 22 Nov 2009; hetp:/lwww. foia.cia.gov/
SovietandWarsawPact/1962/1962-08-27a.pdf, accessed 23 Nov 2009.

58 McCarty, “Designing Small Space Payloads,” 24-25.
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The combination of an ability to air-launch satellites “at any place and any
time” and the technology to point a state-of-the-art IR camera using controlled
precession would have made NOTS a strong candidate for military reconnaissance
missions. But beginning in late 1959, a series of high-level events ended whatever
role NOTS might have had in the military reconnaissance satellite business.

First, after complaints from the military services, Secretary of Defense
Neil McElroy, before leaving his government position in December 1959 and
returning to Proctor & Gamble as CEO, removed control of military space
programs from ARPA and parceled them out among the services. The Army
got communications satellites, the Navy navigation satellites, and the Air Force
reconnaissance and surveillance satellites.

NASA, created in July 1958, already had the corner on meteorological
satellite. Its Television and Infrared Observation Satellite (TIROS) system,
which had begun development in May 1958 under the U.S. Committee on
Meteorological Satellites, had its first successful launch in April 1960. Succeeding
that system was Nimbus, which provided data not only on weather but also on
the earth’s oceanographic, environmental, and geophysical structure.

In fall 1960 John E Kennedy, newly elected as President but not yet
inaugurated, appointed a committee to study space policy and programs; it
was chaired by Jerome Wiesner, president of MIT, who would later become
Kennedy’s science advisor. The Wiesner Committee report, issued the following
January, was critical of the nation’s proliferation of space programs:

Each of the military services has begun to create its own independent space
program. This presents the problem of overlapping programs and duplication
of the work of NASA. If the responsibility of all military space developments
were to be assigned to one agency or military service within the Department
of Defense, the Secretary of Defense would then be able to maintain control
of the scope and direction of the program and the Space Council would have
the responsibility for settling conflicts of interest between NASA and the
Department of Defense.”

Interestingly, the Soviet Union had recognized that weakness in the U.S.
space program. In a top-secret journal article, Major General P. Vysotskiy wrote:

The present lack of powerful carrier-missiles, capable of putting large payloads
into space, makes the Americans quite feverish and impedes their general
progress in the mastery of space and the development of carrier-missiles. It is
no coincidence, therefore, that governmental scientific centers and a number

59 Jerome B. Wiesner, Report to the President Elect of the Ad Hoc Committee on Space,
NASA,10 Jan 1961, 5, http://lwww.hq.nasa.govloffice/pao/History/report61.html, accessed
28 Feb 2013.
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of the larger aircraft and missile construction firms are proposing the most
varied designs, which, to a significant degree, encumbers the development of
space means of combat.®

China Lake was one of those “governmental scientific centers.”

On 6 March 1961, DOD Directive 5160.32 assigned the Air Force
responsibility for developing and acquiring future military space systems. The
Air Force was also given responsibility 3 weeks later for “research, development,
and operation” of future DOD imaging reconnaissance satellite systems, except
those of the Central Intelligence Agency. That effectively ended any ambitions
NOTS might have had to become a lead activity for military reconnaissance
from space.®!

Dr. Robert Frosch put it bluntly in a 1981 interview:

The Air Force was hell-bent to make sure the Navy did nothing whatever in
space. That is, having been given the mission, they wanted to have it totally
and exclusively, and just not have anybody else in the business of building
anything that went into space.®?

Captain Frank Ault (best known for his study that led to the creation of
Topgun, the Navy Fighter Weapons School), wrote in a 1967 report:

There is no gainsaying that the Navy’s enthusiasm for space systems develop-
ment was seriously crippled by the SECDEF Space Directive (5160.32) of
7 March 1961. Here the question of military space capability was decided by
flat—essentially unrelated to need, competence, or excellence of concepts.®

NOTS was still trying to find its niche in the space program, but the range
of options was narrowing. Navigation? The Navy’s Transit system, with satellites
designed, built, and launched by Johns Hopkins University Applied Physics
Laboratory (JHU/APL) filled the Navy’s navigation needs. Communications?
The earliest communications satellite, SCORE, launched in December 1958
was primarily an Army effort.

60 Maj. Gen. P Vysotskiy, “American Military Technological Means of Combat in Space,”
Voyennaya Mys! [Military Thought], Dec 1961, 8. Released by the CIA, Dec 2004.

61 Gary Federici, “From the Sea to the Stars: A History of U.S. Navy Space and Space-
Related Activities,” June 1997, Chap. 2, Sec. 2.1.1, hap:/fwww. history. navy.millbooks/space/
Chapter2.htm, accessed 28 Feb 2013.

62 Dr. Robert Frosch, interview by Dr. David DeVorkin, National Air & Space Museum,
15 Sept 1981, hetp:/fwww.aip.org/historylohilist/28066_4. html, accessed 3 Feb 2011. Frosch
served with ARPA from 1963 until his appointment as ASN (R&D) in 1966. He held high-
level positions with the Navy, United Nations, Woods Hole Oceanographic Institution,
NASA, General Motors Corp., and Harvard University (Senior Research Fellow).

63 Capt. Frank Ault, “Navy Planning in the Space Age” handout for NWC Technical
Planning Board, 27 Sept 1967, 9.
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Carrying a tape recorder that picked up a radio transmission from one point
on the planet and then rebroadcasting it when the satellite passed over another
point, SCORE was of limited practical utility, but NASA soon took the lead
in communications satellites, establishing a network that went international
in 1962 with Telstar, followed by the Communications Satellite Corp.
(COMSAT) system and the worldwide International Telecommunications
Satellite Consortium (INTELSAT) system.%*

TERASCA, TASCAN, Viperscan

NOTS, however, was not to be kept out of the space race. About the
same time that McCarty’s group began development of the IR scanner, China
Lake engineers and propulsion experts were entering the field of high-altitude
sounding rockets.

A sounding rocket, also called a research rocket, is generally a disposable
rocket-powered vehicle designed to carry an experimental payload to altitudes
ranging from a few tens of miles to several hundreds of miles. Typically, the
payload separates from the expended rocket and continues toward space as the
rocket falls back to earth—or in most cases involving NOTS’ missiles, falls into
the ocean. Payloads may transmit data earthward by telemetry or a parachute
may be used to bring the payloads safely back to earth.

In February 1959 Eugene Rutkowski and Wayne Howard of China Lake’s
Propulsion Development Department (Code 45) proposed a research vehicle
called TERASCA, a vehicle “for high altitude studies” that was simple and
inexpensive. TERASCA would couple three off-the-shelf rocket motors (Terrier for
the first stage, ASROC for the second, and Cajun for the third—thus the project’s
name) into a 30-foot-long 2,200-pound missile capable of lofting a payload of
more than 25 pounds to altitudes of 250 miles. McLean approved the discretionary-
funded experiment, and Dennis Haluza was assigned as project engineer.®®

TERASCA’s payload was an ultraviolet “celestial mapper,” designed to map
the stars and detect the ultraviolet radiation that is absorbed by atmospheric
ozone. Successful testing of the motors and airframe was completed less than
2 months from the project start.

In June 1959, less than 5 months after project conception, a TERASCA
carrying a 28.5-pound payload was launched from the Pacific Missile Range

64 Another unique naval satellite program was NRLs Communication Moon Relay
(CMR) system, operational from 1959 through the mid 1960s, which used the moon as a
passive reflector satellite to bounce radio signals between Washington and the Pacific Fleet.
65 Rocketeer, 18 Sept 1959, 1.

66 S-185, Moore interview, 36.
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(PMR) at Point Mugu. The missile reached a velocity of 5,000 miles per
hour and soared 110 miles into space before impacting the ocean 240 miles
downrange after a flight of 7 minutes and 25 seconds. The entire cost of the
TERASCA development program was less than $20,000.

Douglas D. Ordahl, head of the Missile Propulsion Division, noted the
“astoundingly small cost in time and effort compared to any other known work
in space research” and observed that a “vast amount of exploratory research’
would be needed to “design and develop practical instrumented satellites
for such significant objectives as greatly improved weather predictions and
world communications.” He said that such research could be accomplished
“expeditiously, simply, and at a very low cost if extensive use is made of reliable

rocket engines already in existence.” The lesson of reliable engines had been
learned from the NOTSNIK experience the year before.®”

Like any complex development program, TERASCA had its setbacks,
including one of the earlier diagnostic shots. Jack Crawford (who with Bill
Woodworth had built the timers that sequenced the firing stages of NOTSNIK)
designed the timer that controlled the firing of TERASCA’s second and third
stages. About 2 seconds before launch, the timer was sent a commitment signal
that would start a counter running.

As Crawford recalled in a 1991 interview:

A hold-fire signal was received one second before launch. That stopped firing
of the first stage but the timer controlling the second and third stages was
committed. Right on time, at 20-some seconds, the second and third stages
took off leaving the first stage behind on the launcher. In retrospect the logic
flaw was obvious, but no one had caught it previously.

As a personal aside, I think the impact of going through some of these real
hardware mishaps is something missing in the computer simulation world.
When you are in a firing bunker and a rocket takes off unexpectedly, you are
a changed person. You realize the importance of considering all the possible
scenarios even if some of them “can’t happen.”®®

A more advanced version of the TERASCA scanner called the Ultraviolet
Star Survey Payload was developed in 1960. It used a rapidly spinning collecting
dish that precessed by means of its interaction with Earth’s magnetic field.

At the focal plane of the dish was a 2,500- to 2,800-Angstrom photo-
multiplier, the output of which was transmitted to a ground receiving station.
Two attempts to launch the probe were made that year; in one the payload

67 Rocketeer, Ibid.
68 S-171, Jack Crawford interview, addendums 13 Dec 1990 and 17 Jan 1991, 74.
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failed, in the second, the
launch vehicle failed. A
third was scheduled for
February 1961, but there
is no evidence that the
launch took place.

It was inevitable that
the IR-scanning tech-
nologies demonstrated in
the Pioneer and Transit 2
programs would be joined
with  the air-launched
rocketry skills developed
for NOTSNIK. In the
TASCAN project, late in
1960, NOTS engineers Ultraviolet Star Survey Payload components.
coupled the strip-mapping
techniques, originally proposed by McLean and then developed for the Pioneer
and Transit 2 satellites, with a two-stage Terrier-ASP 1 sounding rocket.

The rocket ejected a spin-stabilized payload that flew a long horizontal
trajectory with the spin axis of the payload aligned with the trajectory. A
telescope, aimed perpendicular to the spin axis, scanned the earth from
horizon to horizon on each revolution. With the right relationship of
spin rate to payload velocity, the telescope would scan contiguous strips
thereby creating a strip map. Between June and October 1960, four firings
were made. The fourth completed all the test objectives and provided
data in the 0.2 to 0.6-micron region from which NOTS researchers con-
structed a picture of the earth’s cloud cover from an altitude of 50 miles.*’

Viperscan begun in 1960 as a joint NASA-NOTS-PMR program and
culminated with a launch in January 1961. The 8-foot 6%2-inch-diameter
rocket was air-launched from an Edwards Air Force Base F-104 Starfighter
over the PMR. On ignition the rocket developed 6,000 pounds of thrust for
5Y2 seconds, propelling the vehicle to an altitude of 50 miles. At that point,
about 50 miles downrange, Viperscan’s IR-scanning terrain-mapping payload
was ejected and continued another 200 miles down range while imagery was
transmitted to receiving stations at Point Mugu. Two channels of telemetry
data—one for the temperature of the IR cell and the other carrying the IR

69 NOTS Tech History 1960, 72-73.
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telescope signal—were received for about 210 seconds. The project engineers,
Norm Osborne and John Sichra of the Weapons Development Department
(Code 40), credited John Johnson of AOD with the design and fabrication
of the payload. Johnson would later become head of AOD’s Radar Systems
Branch.”

An improved Viperscan payload, called the Viper-Palmer Scan was
developed in 1961. Among other changes it incorporated a solid-state
transmitter with about 20 times the power output of Viperscan.”!

The mating of IR scanner payloads with high-altitude sounding rockets
capable of both air and ground launch gave NOTS a product that needed only
a customer. That came in the form of ARPA and Project Defender.

Project Defender

One of ARPA's first projects after its creation in 1958 was Project Defender.
The goal was to defend the United States from intercontinental ballistic missiles
(ICBMs). Defender, which lasted into the mid 1960s, explored various methods
of destroying an enemy ICBM as soon after launch as was technologically possible.

The chances of eliminating a threat missile would be increased if it could
be detected in the very first moments after launch. To understand the science
involved in early detection, a subproject of Project Defender was established
in 1961 and named TABSTONE (Target and Background Signal-to-Noise
Experiments). The goal of the program was “to provide a detailed understanding
of the optical and ER [electromagnetic radiation] phenomena associated with
the launch phase and also the expected background conditions against which
detection and tracking equipments . . . will have to operate.”

TABSTONE was estimated to cost more than $9 million over 2 years, but
that was the tip of the iceberg in ballistic-missile defense (BMD) spending; in
fiscal 1962 an astonishing $2.4 billion was spent in BMD programs, half of
that on early-warning systems.”?

As part of TABSTONE, ARPA’s Ralph Zirkind, who would later become
the agency’s deputy director and chief scientist, contacted China Lake about
conducting an infrared survey to assess the feasibility of detecting missiles on
their way up.

70 Rocketeer, 27 Jan 1961, 1.

71 NOTS TP 2906, NOTS Tech History 1961, Jan 1962, 71.

72 PPD 61-33, ODDRGE Assessment of Ballistic Missile Defense Program, April 1961,
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The Weapons Development Department selected Don Moore to head the
effort under the China Lake project name HITAB (High-Altitude Target and
Background measurement). Specifically, the purpose of HITAB was to measure,
from an observation point in space, the infrared and ultraviolet radiation
from sunlit-cloud backgrounds and the exhaust plumes of launched missiles.
Suddenly, money for China Lake’s space efforts was not a problem. According
to Moore, ARPA and the Air Force “inundated us with money to build new
things for infrared measurements from high altitude.””?

Knemeyer said “We did spend maybe 5, 10 million dollars a year on it,
which was a lot at that time for this kind of work.””*

During the next few years, NOTS carried out several different projects
under HITAB, all involving the use of sounding rockets and IR measurement
devices. One of the earliest efforts was T-BIRD (Terrestrial Background
Infrared Detection), sponsored by the Air Force and conducted from 1961 to
1963. T-BIRD used sounding rockets to measure radiation reflected from high-
altitude sunlit clouds, gathering data at altitudes up to 60 miles.

Various phases of HITAB investigated various aspects of the background
radiance phenomenon. For example, HITAB-BWSS collected Wiener spectrum
data (statistical descriptions of the spatial distribution of the background
radiance) in the 2.2-, 2.7-, 3.8-, and 4.3-micron regions. The project involved
three launches of Terrier-Viper combination rockets from the Gulf Test Range
at Eglin Air Force Base, Florida, in 1962 and 1963. The first two shots had
problems with telemetry and radar tracking, but the third sent good quality
data for 120 seconds and was tracked throughout most of its flight. That flight
successfully generated Wiener spectra of the earth’s infrared background.”

NOTS-developed precession-control systems were key to the success of
many of the HITAB projects, which continued through the end of 1966. As
the HITAB projects became more ambitious, the necessity for accuracy and
extreme precision in dynamically orienting the payload orientation (via the
reaction-jet control system) increased. To help meet the stringent standards, an
Air Bearing Facility was built in a geodesic dome behind Michelson Laboratory.

In the facility, engineers would essentially cut a missile in half and insert
a stainless-steel sphere between the two segments. The sphere was tooled to a
tolerance of 2 millionths of an inch and rested “on a Pyrex cup with a bearing

73 S-185, Moore interview, 35; NOTS TP 3119, NOTS Tech History 1962, July 1963, 61.
74 §-200, Knemeyer interview, 84.

75 John A. Hoyem, James E. Hurtt, and Larry N. Pace, HITAB-BWSS Payloads, China
Lake, Astrometrics Division, Weapons Development Department, NOTS TP 3799, Aug
1965.
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Leroy Ogan of the
Weapons Development
Department activating

an infrared guidance
system with a
flashlight. Airball
system delicately
balancing the missile
allows useful attitude
simulations.

surface as perfect as a man can produce.” The cup was at the top of a hollow
steel column through which air was pumped to maintain a pressure of 220
pounds per square inch, a pressure that created a virtually frictionless air bearing
between the sphere and the cup. The missile under test (weighing more than
half a ton) was so delicately balanced that “the weight of two flies on the nose
cone is sufficient to dip the missile downward.””

With the test missile thus freed to move much like a sounding rocket
in free space after motor burnout, engineers could dynamically check the
attitude-control system and measure such parameters as transient response
times, overshoots, and damping characteristics. Payload responses could also
be measured (as depicted in a Rocketeer photo showing Leroy Ogan using a
flashlight to activate an IR guidance system on a test article). The aim was to
yield data that would provide accurate tracking of a moving target.

Construction of the frictionless Air Bearing Facility typified China Lake’s
approach to technical challenges. If the right component (or tool) doesnt exist,
design it and build it. Ingenuity and elegance of design were not reserved for
weapon systems—creating a necessary test fixture would be approached with
the same purposeful design, attention to detail, and craftsmanlike fabrication.

76 Rocketeer, 9 Oct 1964, 4.
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Frank Knemeyer recalled that “The air bearing test facility was very useful and
successful.””’

Controllable IR imaging devices proved valuable for more than just
investigating background imagery of the earth. As NOTS involvement with
Project Defender deepened, the Station began to launch rockets from Point
Mugu and Navy ships to parallel the course of large rockets launched from
Vandenberg Air Force Base. Since the rockets were on a parallel course and
climbing nearly vertically, the sidescanning payload measured the spectral
signature not of the earth but of the rocket exhaust.

In a phase called TRIS (Target Radiant Intensity Measurements from a
Spin-Stabilized Vehicle), a dozen vehicles were launched between April 1962
and August 1963, primarily from Navy ships. The TRIS payloads gathered data

from Thor, Titan, Jupiter, Atlas, and Minutemen missile targets.”®

Ray Francis, a NOTS technician in the Weapons Development Department
(and later Moray project engineer) was assigned to coordinate the TRIS Aerobee
launches from Navy guided missile frigates off the California coast. According
to George A. Wilkins, who worked with Francis for many years at China Lake
and later Hawaii:

... he was able to achieve a fantastic level of support from shipboard gunner’s
mates by convincing them that we were in the earliest phases of developing an
antimissile rocket. After each fly-by “miss,” he would tell them that “we almost
got it right this time.””’

Using TABSTONE funds, China Lake built a complete rocket launching
facility at Walker Cay in the Bahamas. Construction was completed in 1963.
From there, WAC Corporal and Aerobee sounding rockets carrying NOTS IR-
imaging payloads were fired. The launches were coordinated with launches of
large rockets from Cape Canaveral in Florida. For example, on 11 December
1964, a HITAB-TSRA (Target Spectral Radiance) payload on an Aerobee 150
launched from Walker Cay followed an Atlas Centaur launched from Cape
Canaveral. The NOTS rocket reached an apogee of 120 miles.®

Don Moore described one such effort:

We took a Sidewinder seeker with a spiral scan on it, and then they would fire
the Aerobee up next to an ICBM, well, 90 miles south of it [Walker Cay], if you
will. And so the ICBM was coming up on a predicted trajectory, and we had

77 Frank Knemeyer, email to the author, 2 Dec 2009.

78 NOTS TP 3726, NOTS Tech History 1964, 1 April 1965, 2-36-2-37.

79 George Wilkins, email to the author, 2 Sept 2011.

80 Encyclopedia Astronautica, http://www.astronautix.com/thisday/decberl 1. htm.
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a predicted trajectory. And so we would figure out what the attitude control
system should tell the Aerobee, to point, and then the Sidewinder would do a
scan, lock onto the ICBM, then take over the control of the pointing system
on the Aerobee, and point the radiometers and interferometers that we had at
the ICBM. We built three of those payloads, and it turned out between our
failures and failures of ICBMs, none of them ever worked. . . . They were very
expensive. Those payloads averaged $600,000 apiece®!

Six vehicle-payload combinations were used to obtain HITAB measure-
ments. The purposes and functional elements of these probes are shown below.®

The firing phase of HITAB concluded with six Aerobee/HITAB launches
in 1964 (although data reduction would continue into 1965). In January 1964,
Moore’s Special Projects Branch was combined with the Servo Development

HITAB primary and secondary measurement categories and vehicle types.

81 S-185, Moore interview, 39-40.
82 NOTS TP 3275, Third Technical Summary Report HITAB (TABSTONE) Rocket Probe
Program, 25 June 1962—1 March 1963, China Lake, June 1963, 3-7.
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Branch and renamed the Astrometrics Division, with four branches. Moore was
selected to head the division, and Dick Boyd was brought in as assistant division
head to help handle the expanding work load associated with Project Defender.

By July 1965 (the last year of existence for the Astrometrics Division),
the number of branches had grown to seven: Physics, Electronics, Guidance,
Control, Projects, Structures and Materials, and Sensors Systems.

George Wilkins, who headed the Physics Branch, recalled an incident that
captured the spirit of NOTS workers during the period. His group was trying
to complete the radiometric calibration of an IR scanner payload that would
monitor an Atlas launch from Cape Canaveral (then known as Cape Kennedy).
They had been working nonstop and suddenly ran into the federal personal-
leave situation known as “use or lose.” This policy decreed that any earned leave
in excess of 240 hours could not be carried over from one year to the next; it
must be used or it would be forfeited. Wilkins wrote:

As their magic dates approached, I tried to order each branch member to take
his or her leave time. The response was unanimous: “We're going to take our
leave any damned way we want!” and they continued to work until the job
was done. I have never been so proud of any group as I was that Christmas.
(We made our deadline.)®

Several launch sites were used, and there were many launches. Although
authenticated, detailed records are not available, the pace of activity was frenetic.
According to Moore:

We fired 41 rockets, six different payloads, fired on all of the national ranges.
We fired from six guided missile frigates . . . we fired from Point Mugu, San
Nicolas Island, Eglin Air Force Base. We built a launch complex down in
the Bahamas, fired Aerobees there, and we fired at Wallops Island [Virginia],
White Sands [New Mexico]. We did the work for Fort Churchill [sounding
rocket launch facility] up in Canada . . . So we did an awful lot of work. We
had successes and we had spectacular failures.?4

By the end of 1966, the division, with largely the same personnel, would
be renamed the Undersea Systems Division—a dramatic shift in direction for
the edge-of-the-envelope scientists and engineers.®

Through the ICBM detection programs, NOTS made important advances

in IR-imaging techniques and payload control. For some of the scientists,

83 George Wilkins, email to the author, 2 Sept 2011.

84 S-185, Moore interview, 38.

85 RM-17, NOTS-NWC Code Directories, Vol. 1, 1949-1965, China Lake, NWC, Jan
1982; and Vol. 2, 1966-1980, China Lake, NWC, Aug 1982.
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engineers, and technicians in China Lake’s space program, however, Project
Defender and other paying customers were just the bread-and-butter jobs. The
Holy Grail was an antisatellite weapon—an ASAT.

Antisatellite Projects

One night in October 1957, Leo Jagiello looked into the desert sky and
watched Sputnik cut its northeast-southwest track across the heavens. As he
recalled 35 years later, he promptly found Hack Wilson and said, “Hey, I just
saw Sputnik, and you know what we ought to do Hack? We ought to go shoot

the damned thing down.” Wilson “didn’t cotton to that idea,” Jagiello recalled,
but the seed had been planted.®

McLean’s record of his 14 October 1957 meeting with the Station’s top
military and scientific leadership does not mention an antisatellite application
for the proposed NOTS satellite (nor, as noted earlier, did it mention Sputnik).
Aircraft launching, however, was proposed in that meeting, and that approach is
entirely consistent with an antisatellite weapon, since aircraft-launched ASATs
have a singular advantage over their ground-launched counterparts.

Although it is possible for one satellite to change its orbit to intersect
the orbit of another satellite, the process is time consuming and expensive,
requiring large amounts of energy and thus extra fuel and weight. The most
efficient way to intersect a target satellite’s orbit is to launch the killer satellite
when the target satellite is passing overhead and headed in the same direction
as the launch vehicle.

“For ground-launched vehicles, the wait between successive passes of the
target satellite could be as much as several days, depending on the target orbit,”
wrote Dale Fenn, a scientist at Orbital Sciences Corp. “Mobile assets, however,
can eliminate the wait by essentially choosing a launch point that is ideally
suited for a rendezvous.”®

In mid 1959, NOTS received an Operational Requirement (OR) for an
antisatellite-missile system. That OR meant that the Navy had recognized the
need for a new system to accomplish a military goal. In response, the Station
completed a Technical Development Plan (TDP) for an antisatellite system

86 “Secret City,” Disk 2. Jagiello was a gifted acrodynamicist. Among the programs he
contributed to were Sidewinder, Shrike, Sparrow, Moray, Polaris, North Star, Walleye,
Osprey, Chaparral, ASROC, SUBROC, and Caleb.

87 Dale Fenn, “Air and Ship-Based Space Launch Vehicles,” Orbital Sciences Corp.,
Dulles, VA, hap:/imedia.wiley.com/product_datalexcerpt/86/04713240/ 0471324086.pdf,
accessed 14 Dec 2009.
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and forwarded the plan to BuOrd. The TDP called for a 300- to 500-pound
homing missile that would be launched from an aircraft to intercept targets
up to 1,000 miles in altitude. The TDP was prepared nearly a year after the
NOTSNIK program had concluded. Not surprisingly, China Lake’s proposed
ASAT launch vehicle looked very much like the NOTSNIK launch vehicle,
EV-1. The ASAT proposal included “coordination with associated military and
civilian systems for target detection, identification, and position prediction,
and for permission to fire.”%

In April 1959 Frank Cartwright authored a NOTS publication called
Design of an Antisatellite Missile. Three months later, Horace L. Newkirk,
formerly a branch head in the Ballistics Division, published a companion
document, Design Study for an Antisatellite Missile. Cartwright’s report had
outlined three concepts for an antisatellite system, and Newkirk’s concentrated
on the most promising, the Zero Velocity Homer. Its target, Newkirk wrote,
“could be a scientific satellite that had, in some way, become objectionable (for
example, by broadcasting radio noise), or it could be an enemy surveillance,
or otherwise menacing, satellite.” Newkirk’s study summarized the TDP that
NOTS had submitted to the Bureau of Ordnance. The proposed missile would
be air-launched in the direction of the target satellite’s orbit and employ a
sensor that would receive reflected sunlight from the satellite: a system similar
to Sidewinder. Newkirk wrote that:

It is estimated that the sensitivity of such a seeker would have to be increased
by at least one order of magnitude over Sidewinder, and this may not be

unreasonable to expect. . . . This should permit detecting a reasonably large

satellite at a distance of about 500 mi.%’

Propulsion was a critical subsystem of the weapon. The recommendation
was a four-stage missile booster launched from an aircraft, with a weight about
half that of a ground-launched version.

Detection would be the biggest problem, and Newkirk proposed that
the detector be developed in three stages, each “employing progressively more
advanced test vehicles.” The first would employ a “Background and Stellar
Intensity Scanner,” the second a “Precessible Scanning Telescope” with a
compressed-gas vector motor, and the third a “Precessible and Maneuverable
Telescope,” including a liquid-propellant propulsion motor “to translate the
unit as in a homing maneuver.”

88 Technical Program Review 1959, 60, 61.

89 W. E Cartwright, Design of an Antisatellite Missile, NOTS 2001, April 1959; H. L.
Newkirk, Design Study for an Antisatellite Missile, NAVORD Report 6571, July 1959, 6,
28.
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Newkirk did not describe the kill mechanism for the Zero Velocity Homer,
though in discussing one of Cartwright’s alternate approaches to the satellite-
kill problem he wrote:

The most economical approach to the problem of satellite interception would
appear to be that of projecting a mass of material vertically from the earth into
the vicinity of the orbit and let the satellite run into it.

For such an application he suggested a ballistic warhead that:

... would consist entirely of warhead material; that is, only fuzing, explosive,
and a maximum of fragment mass.

The fuze would function some time before summit is reached in order that
at the expected intercept time the warhead material would have expanded
to occupy a sufficiently large volume or present a cross-sectional area large
enough to provide for probable orbit prediction uncertainties, launching
errors, and projectile dispersion.”

Development of an ASAT was not a frivolous venture. Soviet satellites
did pose a potential threat to the United States. In an August 1961 speech
celebrating Gherman Titov’s becoming the second Russian cosmonaut to orbit
the earth (Yuri Gagarin had performed the feat four months earlier), Premier

Nikita Khrushchev threatened the West:

You do not have fifty- or one-hundred-megaton bombs. We have bombs more
powerful than 100 megatons. We placed Gagarin and Titov in space, and we
can replace them with other loads that can be directed to any place on earth.”!

Block diagram of antisatellite weapon system proposed by NOTS in 1959.

90 Ibid., 3.

91 “Outer Space: The Next Battlefield?” by Stewart Alsop, Saturday Evening Post, 28 July
1962, 18. In the article, Alsop posited “a sort of limited warfare in space, with both sides
trying to knock out the other side’s ‘eyes in the sky’ and other space devices.”
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There is also no question that the Navy did get into the antisatellite business.
In April 1961 the House Committee on Science and Astronautics released
testimony from Captain Robert E Freitag, astronautics officer in the Bureau
of Naval Weapons, who spoke of “a minimum-energy missile.” The New York
Times reported, “The missile, built around the Navy’s proposed solid-fueled Sea
Scout space rocket, would be ‘launched vertically with just enough power to
arrive at the altitude of the satellite at zero velocity.”” Freitag testified that:

At that point, it can hover and wait for the satellite to come and then by
terminal guidance seek out the satellite and kill it with some mechanism. We
believe within a year and a half; for example, we could destroy one of our own
satellites as a demonstration of this capability.”

Unfortunately for China Lake’s ASAT aficionados, official funding for the
ASAT proposed by NOTS in 1959 was not forthcoming. The Station reported
to the Department of Defense in August 1961 that “Anti-satellite Missile
development was proposed by NOTS in 1958, but the decision to proceed
with the development has not been made.””?

NOTS nevertheless pressed forward with its ASAT goal. Don Moore
explained how the apparent hodgepodge of China Lake’s early space-related
programs were all working toward an antisatellite weapon. Referring to China
Lake’s rocket-borne-scanner development work Moore said:

... that was part of the grand scheme that we had of getting into the antisatellite
business. The way that we went about structuring our organization and
our marketing—what type of work we were trying to get—is that we went
through and said, “What are all the components that you'd have to have to
make an antisatellite system?’ So that’s rockets and telemetry and sensors and
gyros and, you know, how to put all this stuff together and fire it either from
the ground or from airplanes and communicate with the controls and all that
kind of stuff, computers and the whole nine yards. So we started making
proposals any place we saw some money that would let us learn about one of
those things.”*

An example of this “grand scheme” in action can be found in the 1961
Technical History. Under the mantle of the DOD-funded HITAB-TRIS
program discussed previously, NOTS engineers attempted to gather data on
more than just the launch signatures of ballistic missiles. The history reported:

92 John W. Finney, “Fuel Cells to Run Some Submarines,” New York Times, 7 April 1961,
7. Captain Freitag, as a lieutenant commander, had spent a week at China Lake in 1952 as
part of an industrial survey team for the Naval Inspector General.

93 AdPub 107, Encl. (1), 5.

94 S-185, Moore interview, 36
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A target radiant-intensity payload will be fired at Pacific Missile Range. The
Terrier-Viper vehicle will be launched at San Nicolas Island at a polar-orbiting
body fired from Vandenberg Air Force Base.

Knowledge of the spectral signature of an orbiting satellite would be essential
to the development of a satellite-seeking and -tracking ASAT payload.”

Caleb

EV-2, son of the NOTSNIK launch vehicle EV-1, continued development
under the project name of Caleb. The first Caleb launch was on 28 July 1960,
from an F4D at a 63-degree launch angle. Ignition took place 4.9 seconds later

and the motor burned for 50 seconds. Telemetry signals were received from the
vehicle for 90 seconds.”

The project went public in October 1960 when the Rocketeer published a
front-page article, “Caleb Pioneers Satellite Air-Launching,” with a photo of
Caleb loaded on the centerline station of an F4H Phantom II model. Caleb was
described as “an extrapolation of work done at NOTS several years ago.” With
surprising frankness, the article admitted that:

Caleb is a new name for an old project—a project that seemed to end suddenly
but went under wraps two years ago when the Navy confirmed that they had
tried to orbit a satellite from an F4D jet and were unsuccessful.

The four-stage solid propellant rocket is a far cry from the cluster of
rockets hastily put together for the first air launching attempts. In its new
configuration, designed at NOTS, it is a masterpiece of simplicity. Depending
upon the mission, it uses one, two or three solid propellant stages. For satellite
missions a fourth stage is added.

... As a vertical probe where high altitude is desired, Caleb can be launched
at 85 degrees, nearly straight up. The vehicle will travel at a maximum speed
of approximately 18,000 miles per hour. It is 162 feet long, 2 feet in diameter,
and weighs 3,000 pounds at launch.”

The launch vehicle was a joint product of the Propulsion Development,
Weapons Development, Test, and Engineering Departments.

95 NOTS Tech History 1961, 72.

96 Research Board minutes, 9 Aug 1960.

97 Rocketeer, 7 Oct 1960, 1. The final stage included a NOTS-designed spherical rocket
motor (variously recalled as 3-inch, 3%2-inch, and 5-inch), sometimes called the “baseball
motor.” Contrary to logic, the nozzle of the small motor in the nose of the final stage was
pointed forward in the direction of flight. When the spin-stabilized final stage had traveled
180 degrees around the earth, the motor would then be pointed earthward and, when fired,
would give the payload a final nudge into orbit: the “kick in the apogee.”
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A significant difference between Caleb and its predecessor, EV-1, was that
the troublesome HOTROC motors, probable contributors to the demise of
NOTSNIK, were replaced by the China Lake-developed 24-inch-diameter
NOTS 500 rocket motor that could generate 8,560 pounds of thrust. The
motor featured a six-point star perforation that ran the length of the motor,
a graphite/plastic composite nozzle, and a magnesium-Teflon pyrogen igniter
that was unaffected by environmental conditions. The second-stage ABL-241
motor used on EV-1 was replaced with an ABL X-248. Jesse E. “Jess” Osier and
other members of the Propulsion Systems Division were responsible for the
improved propulsion system used on Caleb and its variants.”

Naval Aviation News reported that “Attainable altitudes for an almost
vertical [Caleb] probe launched at 85 degrees are: 85 pounds to 1000 miles with
a two-stage vehicle, and 13 pounds to 2,000 miles with a three-stage vehicle.””

Crill Maples recalled that the Caleb EV-2 launch vehicle was built from
“space metal,” a welded 301 stainless steel sandwich material. The material
had been fabricated by North American Aviation for the Air Force’s Navaho
intercontinental cruise-missile program; when that program was cancelled
in favor of the Thor and Atlas ballistic missiles, NOTS managed to obtain
the surplus. The Navaho material demonstrated excellent strength-to-weight
characteristics and could withstand the large bending moment incurred when
the F-4 “first stage” launched the rocket from the plane’s belly.'?

Several versions of Caleb were developed between 1960 and 1962, each
tailored to the needs of whomever was providing the funding. Most were ait-
launched although at least one ground-launched version was also developed
and tested.

HIHOE

Caleb was used in a NOTS program called HIHOE (also found in
documents as Hi Hoe, Hi-Hoe, Hi Ho, and Hi-Ho). The whimsical sounding

name was actually an initialism for exospheric composition studies of hydrogen

(H), helium (HE), and oxygen (O) ions.'"

On 25 July 1962, a Caleb vehicle dropped from the belly of an F4H-II
38,000 feet above the Pacific Missile Range and carried a 120-pound payload

98 NOTS lech History 1960, 102—103; Crill Maples, email to the author, 10 Dec 2009.
99 Marie Pfeiffer, “Rockets Probe Mysteries of Upper Air,” Naval Aviation News, BuWeps,
Sept 1962, 18.

100 S-324, Crill Maples interview, 10 Oct 2009, 3.

101 Raymond Dickinson, Glossary of Project Titles, IDP 1607 Rev. 1, March 1967, 36.
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Lieutenant Al Newman with HIHOE on a Caleb vehicle mounted on a YF4H-1
Phantom, Naval Air Facility, China Lake, July 1962.

of scientific instruments 1,000 miles into space. Lieutenant Al Newman,
fighter weapons systems project officer at China Lake’s Naval Air Facility, flew
the Phantom II that launched the rocket. Charles M. “Chuck” Dye, head of the
Weapons Development Department’s Advanced Systems Branch and project
director for HIHOE, described the mission as “completely successful.”*

Naval Aviation News reported that HIHOE used a “Caleb II” vehicle, a
“two stage, high-performance air-launched probe” with “structural stiffening”
and that “Nominal altitude performance is 600 nautical miles for a payload
weight of 200 Ibs. when launched from a Navy F4H-1 aircraft.”!%

HIHOE, one of a series of high-altitude probes under NOTS development,
carried an NRL-built payload designed to measure the ion composition of the
earth’s upper atmosphere. (HIHOE has nevertheless been characterized as an ASAT
by the Federation of American Scientists and as either an ASAT or an air-launched
ballistic missile attempt, by an Air Force study of U.S. antisatellite policy.)!%

102 Rocketeer, 27 July 1962, 1. Dickinson, Glossary of Project Titles, 13, reported that
HIHOE reached “an altitude in excess of 800 miles.”

103 “Rockets Probe Mysteries, ” Naval Aviation News, 18.

104 Federation of American Scientists, Attp://wwuw.fas.orglspp/military/program/asatioverview.
htm, accessed 21 Dec 2009; Johnson-Freese, “Viability of US ASAT Policy,” USAF Institute
for National Security Studies, Jan 2000 http:/fwww.usafa.af-milldflinss/OCPlocp30.pdf; 15,
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To adapt Caleb for the payload, NOTS designed several mission-unique
features including a nitrogen-actuated separation device that separated
the payload from the second stage, thereby avoiding contamination of the
immediate ionosphere around the payload that could occur with a traditional
explosive-actuated separator; and a yo-yo-type “de-spin” device to slow the
payload from 9 to 1 revolution per second.'?”

Frank Knemeyer related that the method of recovery for the HIHOE
payload involved a Sound Fixing and Ranging (SOFAR) bomb. When the
payload landed in the ocean, the bomb would drop to a specified depth, known
as the deep sound channel, where the pressure would initiate an exploder. Several
stations of the SOSUS (Sound Surveillance System) network would receive the
sound of the explosion underwater and, by calculating the differences in time
of arrival, the location could be pinpointed.

In keeping with Station safety requirements, the Ammunition Safety
Committee had to review the use of the device. “Chuck [Charles W.] Bernard
was the guy that was pretty big into this,” said Knemeyer.

He was kind of a honcho for this whole thing. We had an Ammunition Safety
Committee meeting, and he brought in this SOFAR bomb which was marked
‘inert’ on the side. Many months later he admitted to me that that was a lie.
He couldn’t find an inert one, so he just printed the word ‘inert.” This was the
kind of thing that people have got to understand. You've got to take chances
to cause things to happen.'%

Satellite Interceptor—SIP

The next use of Caleb was in SIP. Depending on the source consulted,
SIP stands for either Satellite Interceptor Program or the more innocuous
Solar Instrument Probe. The 1960 Technical History discussed “the satellite
interceptor program (Project SIP)” but then the 1961 Tech History reported,
under the heading “Precessible Telescope,” the test of a “solar instrumented
probe (SIP), carried by a Caleb—type vehicle.” The latter article related that
“The Solar Instrumented Probe project terminated with a single firing” and
went on to describe the results with uncharacteristic detail:

A burn-through of the head end of the first-stage motor caused the second

accessed 21 Dec 2009. The FAS article notes that the ABL-248 second-stage motor of
HIHOE was also used as the final stage motor of the USAF Miniature Homing Vehicle, the
only U.S. air-launched ASAT acknowledged to have successfully killed a satellite.

105 NOTS Tech History 1961, 69.

106 S-200, Knemeyer interview, 63. Such behavior, while indicative of China Lake’s
can-do attitude, was not condoned then nor is it today.
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stage to ignite prematurely, blasting the first-stage structure, which then
separated from the second stage. The first stage experienced a series of chuffs
during the remainder of the flight. Fire emitted from both ends. The second
stage, with the structure intact and telemetry functional, burned out before
impact.'”

Use of the term Solar Instrumented Probe to define SIP appears to have
been a bit of a red herring, probably for security purposes. The evidence indicates
that SIP was one step in a multiyear attempt to develop an antisatellite payload
and launch vehicle. A formerly classified glossary of project titles published by
the Station in 1967 defined SIP as “a NOTS Exploratory and Foundational
Research project conducted in 1960 and directed toward demonstrating the
feasibility of a simple terminal navigation system with only two moving parts
capable of acquiring, tracking and maneuvering to intercept a target satellite.”
Don Moore was listed as the cognizant engineer for SIP.'%

A spinning payload built around a precessible telescope (a modified
Sidewinder seeker) was at the core of the SIP homing system, and its description
makes clear that the satellite wasn’t looking for the sun. “When the image of the
target satellite is off the optical axis, it is chopped by a fixed reticle,” said the 1960
Tech History. The amount and phase of the output signal controlled “fingerlike
reaction jets” that “result in a precession of the optical axis to the desired
attitude.” When the signal
reaches zero and does not

change, “a collision course
has been obtained.”'®?

The SIP version of
Caleb was ground launched
and thus presented unique
technical challenges. Caleb,
like EV-1, had been designed
for launch from a supersonic
jet fghter flying at more
than 30,000 feet. For ground
launching, the plan in 1960
was to attach the Caleb
launch vehicle to a rocket-
powered sled riding on a hy— Prototype of SIP’s spinning precessible telescope.

107 NOTS Tech History 1960, 76-77; NOTS Tech History 1961, 76.
108 Dickinson, Glossary of Project Titles, 79.
109 NOTS Tech History 1960, 77.
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draulically operated near-vertical rail launcher (another leftover from the
Navaho program). The rocket-pow-ered sled would give SIP the initial thrust
to carry it to a height where the powerful NOTS-500 motor would fire.

the end of the Navaho launch arm.

Crill Maples was assigned to develop the ground-launch system for SIP.
Duke Haseltine, China Lake’s premier ballistician, told Maples, “There’s no
way on God’s green earth to launch that from the ground.” Haseltine claimed
that for the payload to have a chance for reaching orbit, the launch vehicle
would have to reach a speed of at least 120 miles per hour by the time it reached

110

China Lake engineers and machinists extended the length of the launch

Dummy SIP vehicle on launcher,

China Lake, August 1961.
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110 S-324, Maples interview, 4.

arm. To power the launch sled,
which was designed by John
Ward and built in NOTS’ main
machine shop, eight NOTS 124-
C motors were selected. These
were motors normally used for
sled boosters at China Lake’s
Supersonic  Naval Ordnance
Research  Track  (SNORT).
The motors were modified by
machining the propellant grain
down, as Maples recalled, “to
about the size of gunpowder”
so that the motors would burn
for only 0.6 second, putting
out 10,000 pounds of thrust
each. The sled was fitted with
unstretched nylon ropes to
retard it at the end of the rail
so that the SIP vehicle would
separate from the sled. SIP was
further fitted with an external
harness to which three small
rockets (M7 “spin motors” from
the Army’s Honest John missile)
were attached; when these were
fired, they would start Caleb
spinning about its longitudinal
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axis to impart stability. Then the harness and spin rockets would be jettisoned.

In August 1961 a dummy SIP vehicle was ground launched at China Lake
using the launcher sled and rocket harness. The vehicle reached the 120-mile-
per-hour threshold as it separated from the sled at the end of the launch rail.
Maples recalled that when the vehicle successfully cleared the launcher, Frank
Knemeyer (head of Code 40, which was responsible for SIP development)
turned to him and said “You're now a GS-12”—a significant promotion in the
civil service pay system.'!!

The launcher, barely fitting in the cargo bay of its host C-133, was flown to
San Nicolas Island. The SIP test vehicle itself traveled on a C-124. After setup
and launch preparations on the island, the SIP was launched on October 1. The
first stage operated properly, but the second stage ignited prematurely, causing
the vehicle to go unstable and resulting in loss of the rocket and payload.

Maples would later become head of Code 453, the Quality Assurance
Division of the Propulsion Development Department. He would hold that
position for 22 years—one of the longest serving division heads in China Lake
history—until his retirement in 1986. It was not until 1993 that China Lake
publicly mentioned “the early-’60s demonstration of concept and hardware for SIB,
a developmental satellite-killer.”!'*

Guided Flight Vehicle

According to Maples, China Lake project people used the term Cerberus—
the three-headed dog of Greek and Roman mythology—to refer to a constellation
of three programs: HIHOE, SIP, and the Guided Flight Vehicle (GFV).

GFV was a continuation of the earlier SIP work and was designed to place
a homing device near an orbiting body on a collision course. The GFV project
included the launch vehicle, the ground-launch system, and the interceptor
payload prototype, and its technical objective was phrased broadly—*“to explore
the concept of a spin-stabilized satellite interceptor.”!'?

Although GFV, like SIP, employed solid-fuel rockets as the primary
propulsion source (as did all Caleb variants), GFV carried a more advanced
payload. Designated “Payload A,” it contained an axial-mounted optical seeker
and associated equipment, a telemetry system, and a propulsion package
consisting of a pair of 7%:-pound-thrust liquid-fueled precessional-pulse

111 Ibid., 4.
112 Rocketeer, 4 Nov 1993, 28.
113 S-324, Maples interview, 5; NOTS Tech History 1961, 17. 42.
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motors, all packed into a 17-inch-
diameter payload.!!*

A planned Payload B would be
similar to A but would also have a
larger (0- to 2,500-pound-thrust)
liquid-fueled rocket motor for
maneuvering the payload in space
(the smaller precessional motor
merely reoriented the payload to
keep the axis fixed on the target).
“The interception problem is solved,”
reported the Technical History, “by
accelerating the body normal to its
spin axis by fast-response liquid-
propellant rockets in compliance
with commands from a homing
tracker whose null axis coincides

Guided Flight Vehicle Payload Type A

with the body spin axis.”!"®

NOTS had carved out a niche in the variable-thrust liquid-fueled rocket
arena. Ron Dettling, who had a fruitful 31-year career at China Lake as a

mechanical engineer and designer, recalled that the first project he was put in
charge of at China Lake in late 1958 or 1959 was:

.. . the combustion chamber and injector for a maximum 10-pound thrust,
variable-thrust [hypergolic liquid] motor. . . . That was considered to be
something that could be used to control the position and attitude of satellites.
So, in fact, this was called a Satellite Position Adjust Rocket, SPAR.!1®

At the core of the variable-thrust motor was the variable-area injector
patented by D. Marshall Klein. The motor’s uniqueness was that “it could run
the entire range from zero to whatever the maximum thrust was, so it was,
basically, utterly simple,” Dettling recalled. “There was one [engine] designed
and built, and T don’t believe we ever tested it, as large as 20,000 pounds of
thrust.”

Klein and co-researchers Douglas D. Ordahl and Eugene V. Rutkowski

114 NOTS Tech History 1961, 73, 101.

115 Ibid., 72.

116 S§-218, Ron Dettling interview, 12 Nov 1992, 7. Dettling and fellow engineers
Tom Zulkoski and John Bush would later invent and patent a “flying saucer,” an “Omni-
Directional Liquid-Fueled, Saucer-Shaped Attack Weapon for Aircraft,” U.S. Patent
No. 3,827,656.
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had unveiled the “rocket controller” at a public demonstration in January 1959.
Roy Johnson, head of the Advanced Research Projects Agency, witnessed a test
of the system, and NOTS produced films on the controller that were shown on
the three major television networks.!"”

While one group of engineers worked on the precessional and maneuvering
(also called “translational”) motors, another pursued the precessible-telescope
homing system, and yet another experimented with a radio-homing version
of the Payload A. The intent was to use this homing system in an “intercept
experiment” with the Explorer VII, which the U.S. had launched on a 2-year
mission in October 1959. However, before technical problems were resolved,
the Explorer VII batteries began to fail, degrading the signal to below that
required for radio tracking. (As of this writing, Explorer VII was still in orbit.)!!8

Meanwhile, launch vehicles capable of putting an antisatellite payload
into orbit were being refined. NOTS’ Propulsion Development Department
developed a solid-rocket propulsion system for GFV vehicles designed to carry
the satellite interceptor to orbit. Two styles were fabricated, both employing
five modified 5-inch HVAR rockets as the initial kick to propel the launch sled
the length of the SIP rail launcher.

The first launch vehicle used a NOTS 500 motor (with modified nozzle
and igniter) for the first stage and a NOTS-designed NOTS 505 near-spherical
motor (capable of generating 4,000 pounds of thrust for 33.5 seconds) for the
second stage. The Honest John motors that had imparted stabilizing spin on
SIP were replaced with a NOTS-designed spin motor that was small (3.5 by
13.5 inches) but developed 1,900 pounds of thrust for %5 of a second.

This launch vehicle was also designed to test the concept of directing the
rocket exhaust plume of a NOTS 500 motor by injecting Freon 114B directly
into the plume in an early form of thrust-vector control. Four injectors were
spaced 90 degrees apart in the rocket nozzle, and the injection system was
controlled by an autopilot, designed by Nick Schneider, in the rocket. The
Freon fluid was pressurized from a tank of nitrogen gas, which was controlled
by a pyrotechnic valve. The system was first successfully demonstrated in
September 1961, and ground tests at the Skyline B facility in December 1961
showed that vectoring forces greater than 10 percent of axial thrust could be
achieved without degrading axial thrust.'”

117 Rocketeer, 23 Jan 1959, 1.
118 NOTS Tech History 1961, 75; United Nations Office for Outer Space Affairs, Register

of Space Objects, http://www.unoosa.orgloosalsearch.do, accessed 13 Aug 2011.
119 NOTS Tech History 1961, 118.
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NOTS 500 rocket motor with flight-weight thrust-vector-control system, before

static firing (left) and after static firing.

When the vehicle was launched from San Nicolas Island, it was “the first
surface launching of a vehicle with secondary injection thrust-vector control,
and it significantly demonstrated early flight control.” However, 8 seconds after
launch the nitrogen-control valve vibrated shut. With no pressure, there was no
Freon injection and thus no further control. The vehicle, Maples remembers,
made a large outside loop and crashed on the island.'*°

The second type of GFV launch vehicle used a fin-stabilized first stage
propelled by a NOTS 500 motor and a spin-stabilized second stage employing
the ABL X-248-A6 motor. Two of these were launched from San Nicolas Island
in 1962. In the first, on 5 May, the payload did not eject. Engineers determined
the cause and modified the ejection mechanism. The next GFV launch—and
from all available records, the final one—was made on 30 November 1962.

A December 1962 Rocketeer article, erroneously headlined “SIP Launch,”
is the only issue of the base newspaper to talk, albeit guardedly, about an
antisatellite test launch. In that article, the acronym SIP is not spelled out—an
unusual omission for the generally well-edited Rocketeer under the guidance of
editor Budd Gott. In fact, the vehicle reported on in the article was not SIP
but rather the GFV, that used the SIP rail launcher. The launch took place on
30 November.'*!

The Rocketeer article reported a ground launch from San Nicolas Island that
carried the payload to an altitude of 200 miles. Tantalizingly vague as to the

120 NOTS Tech History 1962, 85; S-324, Maples interview, 3; Rocketeer, 25 Oct 1963, 3.
121 NOTS Tech History 1962, 84.
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purpose of the launch, the writer merely mentioned “payload experiments of
which the details are classified” and that “the payload concept and development
was taken care of by Mel Creusere of the Armament Control Systems Branch
of the Aviation Ordnance Department and Earl Yim of the Liquid Propulsion
Systems Branch, Propulsion Department.”!#?

Both Yim and Creusere were developing systems to control and maneuver
a body in space. Yim, a chemical engineer, was head of the Liquid Propulsion
Systems Branch and one of the developers of the Soft-Landing Vehicle, which
used variable-thrust liquid-fuel rockets to control its rate of descent. Creusere
had long recognized the need for an effective precessing system: “A precisely
controlled attitude appears essential in an operational scanner,” he had written
in a 1958 memo. He estimated the weight of such a “precession mechanism” as
5 pounds for a 23.5-pound payload.'?

The purpose of the flight was to determine the applicability of guided spin-
stabilized bodies as satellite interceptors. Both May and November payloads
were steerable in sightline but not in coordinate position. The payload separated
successfully on the second flight. About 19 second later, a heavy object, possibly
the nose cone, struck and partially damaged the probe.

That ended the test flight and, so far as can be determined, the GFV
program. As when any program disappears from the official record, one can
assume that it either “went black” or—as was more commonly the case—ran
out of money or technical promise and was no longer pursued.!'*

Dixie Pixie

Almost no official documentation of the Dixie Pixie project has been found
in the China Lake records. It appears that sometime between 1960 and 1962 a
Caleb launch was undertaken, in partnership with the Franklin Institute, to put
a rat into orbit. Maples recollected that the intent of the mission was to recover
the rat by parachute, but that the effort was unsuccessful.

Space historian Matt Bille characterized Dixie Pixie as “a biomedical

satellite carrying two rats.”'?

A 1967 glossary of project titles described the project as one “conducted

122 Rocketeer, 21 Dec 1962, 7.

123 Memo, Head, Branch 3 [Creusere], to Head, Aviation Ordnance Department [Ward],
via Head, Development Division 4 [Amlie], “Considerations for a “TV’ Weather Satellite
(Tentative Thinking),” 3543/MCC:drq, Ser. 7, 26 June 1958.

124 NOTS Tech History 1962, 19, 64.

125 S-324, Maples interview, 2; Bille and Lishock, 7he First Space Race, 149.
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by the Naval Missile Center (NMC), Pt. Mugu, to provide a recovery system
to be compatible with Naval Air Development Center (NADC), Johnsville-
developed payload and NOTS-developed CALEB booster,” and listed Chuck

Dye as the point of contact.!?¢

Kill Mechanisms

Little official material is available concerning the kill mechanisms for Navy
ASATs. For a Los Angeles Times article on a patent dispute between Hughes
Aircraft Co. and the Navy over satellite-related patents, Ralph Vartabedian
interviewed Nicolaides, then 71.'%

Vartabedian wrote:

Ultimately, the Navy hoped to use the Notsnick [sic] rocket to launch a
reconnaissance satellite and an anti-satellite satellite, using the same type of
precession as Hughes outlined in its later patent application, according to
Nicolaides. Though the devices were not sent into orbit, they were built and
tested at China Lake between 1958 and 1960, he said.

Vartabedian also interviewed Leo Kielman, a former Navy enlisted man
who attended school on the G.I. Bill after the war, received a mechanical
engineering degree, and went to work at NOTS. In the early 1960s, Kielman
worked as a mechanical engineer in the Weapons Development Department.
Vartabedian wrote that Kielman:

.. . said he built the anti-satellite model himself in about 1958. It was prepared
for launch at a Pacific Ocean test range but was destroyed by an explosion in
the rocket motor; no physical evidence of the device exists today, he said. “It
nearly landed on my head,” Keilman [sic] recalled, referring to the wreckage
raining from the sky.'?®

In 1996 Nicolaides reiterated the antisatellite claim and expanded on it:

I went ahead and authorized NOTS to go forward with both of these projects:
a project to put a satellite into orbit (a reconnaissance satellite) and other
satellites into orbit; and two, to come up with an anti-satellite system.

126 Dickinson, Glossary of Project Titles, 24.

127 Vartabedian, “One Last Transmission From Satellite Old-Timers Aerospace,” Los
Angeles Times, 2 Oct 1994, D1.

128 Ibid. The article also states that “Leroy Doig, a Navy historian at China Lake,
said his research confirms the accounts by Nicolaides and the others, although formal
reports, blueprints and drawings of the devices cannot be found. ‘A lot of stuff here wasn’t
documented well or the documents were packed off to a federal documents center’ and lost,
Doig said.”
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We performed our programme like an ordnance program—there were many
tests, alot of tests. I can tell you we were well on our way—with the appropriate
ground complexes to send them into space, the computer systems, the viewing
systems for intercept, and the destruction system (which was a particle system
that would throw particle into the path of the target and destroy it.) But we
had a very methodical series of tests. We made sure it would work. There were
a number of launches in this programme.

Nicolaides also confirmed Kielman’s account as reported in the Zimes:

He witnessed that launch from a boat. And Keilman [sic] had nothing to do
with the rocket failure. . . . He built the working model, he built the satellites,
and he built the anti-satellite demonstrator.!?’

Bud Sewell remembered Kielman’s warhead design:

They called it the Zero Velocity Homer. Well it turns out from the studies that
I remember doing on the thing it wound up going 25,000 miles per hour if
you were going to make the intercept which was hardly a zero velocity. . . . You
put it up in the right spot out there and then you detect it coming in and then
it just sits there and just shifts over slightly.'*

For Pesavento’s Spaceflight article, he spent 10 hours interviewing Nicolaides
at his San Luis Obispo home, where Nicolaides showed him many photographs,
documents, and artifacts. Pesavento later said:

They tested two sizes of industrial marbles (the kind that they use to break up
rust scale inside pipes, is what he [Nicolaides] told me). Larger blue colored
ones, and smaller green colored ones. He had examples of both that I was
shown. They weren’t dull in color, but were metallic . . . iridescent.'®!

In an addendum to the Pesavento article, published in the same issue of
Spaceflight, Nicolaides also afirmed Moore’s recollection of many programs all
working toward one end.

According to Dr. Nicolaides, the main reason why the programme had so
many different names was the attempt to continue to get money to continue
the project—different project names meant new and different sources of
funding. A secondary effect was the confusion created if anyone outside a few
Navy personnel would attempt to track any of the efforts.'*

When Pesavento asked how China Lake equipment had wound up in
the Transit satellite, when the equipment had nothing to do with the Transit

129 Pesavento, “US Navy’s Untold Story,” Spaceflight, 242.

130 S-297, Knemeyer, Sewell, Doig, and Lincicum interview, 19.
131 Pesavento, emails to the author, 20 Aug and 10 Sept 2009.
132 Pesavento, “US Navy’s Untold Story,” Spaceflight, 245.
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mission, Nicolaides replied:

You must remember we did not have the bureaucracy that space flight
operations have today. I was the bureaucracy. If I made a decision to have
something tested, it got tested. If I said it had to go up on a specific mission,
it did so. . . . Things were done well, and done quickly.

After leaving the Navy, Nicolaides held senior positions at NASA, chaired
the Aerospace Engineering Departments at Notre Dame University and
California Polytechnic State University, and patented, among other things, the
parafoil. He died in 1999.'%

The antisatellite weapon with Kielman’s warhead sounds very much like
the system described by Captain Freitag in his testimony to Congress. The
ability to “hover and wait for the satellite” that Freitag had spoken of was also
being developed under two other China Lake projects: the Soft Landing Vehicle
and the Hovering Rocket System. In 1967 China Lake propulsion engineers,
working to requirements set by the NWC Corona Laboratories (formerly
NOL Corona), developed an experimental spin-stabilized motor called Teeny
Rocket. This ¥4-inch-diameter 4-inch-long motor/projectile was intended for
“an antisatellite weapon that launched hundreds of these at 1,000 ft/s into the
path of an oncoming satellite.”!**

Soft-Landing Vehicle

The Soft-Landing Vehicle was a follow-on to the breakthrough “rocket
controller,” or variable thrust liquid-fueled engine, that had been announced
in 1959. Klein and Rutkowski had boldly stated that “this engine, with proper
guidance, could land a space vehicle on the moon without damage, ” and they
proceeded to work toward that end .'%

In May 1961 the Rocketeer boasted that:

NOTS has designed, developed and tested a rocket-propelled soft-landing
vehicle (SLV) which has risen off the ground, hovered in mid-air, and landed
under complete control. This is the first rocket-powered vehicle to take off and
land gently—a feat vital for putting men and instruments on the moon and
planets—under its own power.!3

This early experimental SLV was 8 feet high and 5 feet wide and weighed

133 Ibid., 240.

134 ]. M. Robbins and R. W. Feist, “The China Lake Propulsion Laboratories,” July 1992,
75 NWC Tech History 1967, 4-11.

135 Rocketeer, 23 Jan 1959, 1.

136 Rocketeer, 20 May 1961, B-2.
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700 pounds fully loaded.
A 300-pound fuel load—
unsymmetrical dimethyl-
hydrazine (UDMH) and an
oxidizer, inhibited red fuming
nitric acid (IRFNA) —powered
the vehicle for 75 seconds.
Using a NOTS-designed optical
guidance system with no pilot in
the loop, the vehicle successfully
demonstrated the ability to lower
itself safely to the ground from
test-stand heights of up to 146
feet with touchdown velocities as
low as 3.8 feet per second.'”’

In  April 1962 NOTS
published  Preliminary ~ Systems
Analysis for Hovering Vebicle, by
Ron Dettling, which addressed
systems analysis techniques “for
missions requiring rocket motor
thrust variation, and specifically

for vehicles hovering both in and
»138 NOTS Soft-Landing Vehicle, 1961.
out of the atmosphere.

Three months later, in July 1962, the SLV—more formally the “VT 1105
R Test Vehicle” and less formally the Ugly Duckling—was featured in Astronaur
magazine in an article by Earl Yim and Project Engineer Felton “Toby”
Williamson.

Earlier that year, Don Cooper of the Test Department was commended for
his outstanding contributions to the program. “The reliability and general high
quality of the electronic and electrical aspects of the SLV program were due

largely to his superior efforts,” said the Rocketeer.'>

Williamson went on to enjoy a varied and colorful career in engineering
and private business and eventually became a political gadfly and author of 277

137 NOTS Tech History 1961, 103-104.

138 Ronald F. Dettling, Preliminary Systems Analysis for Hovering Vehbicles, NOTS TP 2829,
China Lake, 2 April 1962.

139 “Astronaut Mag Features Station Artist and Authors,” by Phillys Wair, Rocketzeer,
20 July 1962, 4; Rocketeer, 23 Feb 1962, 1.
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Century Common Sense. On his website he said of his days at China Lake:

They let me build and test all those rocket engines and it didn’t cost me a
dime. They even paid me a salary.”°

It took a little longer to achieve the “proper guidance” mentioned by the
developers in 1959, but in 1964 three China Lakers—Paul Driver, Charles E.
Hendricks, and Donald D. Stevenson—were granted a patent for a device that
could autonomously control the thrusters during a descent to the moon’s surface.
The “TV Top Hat,” so called for its placement at the very top of the landing
vehicle, used an electro-optical sensor that measured the angular rate of a line-
of-sight sensor. From this device the derived signal was proportional to the
ratio of lander’s descent velocity to the distance from the terrain. The signal was
converted to retro-thrust controllers such that the vehicle’s velocity and height
both became zero at the instant of touchdown. The approach was cutting-edge
technology for the early 1960s.14!

Hovering Rocket System

Meanwhile, a separate program using the hovering-rocket technology was
under way at the Station. The Hovering Rocket System (HRS) was funded
by the U.S. Army Ballistics Research Laboratories and later supported by
the Defense Atomic Support Agency. According to a summary report on the
program, the system was designed to “deliver a large payload to a predetermined
point in the upper atmosphere at zero velocity, and then hover the payload
until all propellant has been expended, or move it in any direction to a new
position, and then release the payload to fulfill its mission.” The program was
an outgrowth of a feasibility analysis for a Hovering Instrumentation Platform

(HIP) conducted in 1961.'4?

Specifically, HRS design requirements were as follows:

.. to place a 600-pound payload at target altitudes ranging from 65,000
to 165,000 feet with a ground range of approximately 115,000 feet; (2) to
achieve positioning within a spherical radius of approximately 1,000 feet
with reference to the aimpoing (3) to provide a stabilized hover time of 120
seconds if possible, but no less than 30 seconds; and (4) to provide the vehicle
with the capability of being repositioned after launching.” The payload would

employ four variable-thrust liquid-fuel rocket engines to provide pitch, yaw,

140 hap:/lwww.commonsense21c.com/AUTHOR. html, accessed 22 Sept 2009.

141 “NOTS’ SLV Scanner May Go in Moon Project,” Rocketeer, Dec 1964, 1.

142 NOTS TP 3652, Hovering Rocket System: Volume 1: Summary Report on the Preliminary
Design, by Engineering Technology Division, Propulsion Development Department, China
Lake, NOTS, 30 Nov 1964, i.
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and axial thrust control.'#

In a Rocketeer article on HRS in early 1964, program manager Foy
McCullough, Jr., commented with carefully phrased lack of specificity:

The vehicle has many potential scientific values. Its missions could include
direct observation of natural and man-made phenomena of both space and
earth origin, which might not be observable in any other manner.

McCullough was assisted in the program by Project Engineer Chuck Green
and a 16-man team that included Ron Dettling, Fred Zarlingo, Ben Glatt (who
designed the guidance system), and Don Moore as a consultant.'#4

Asmuch as HRS sounds like the antisatellite system that Freitag was describing
to the House committee, it was actually intended for a different purpose. James

A. Bowen, who took over the HRS program in mid 1964, recalled:

[McCullough] became aware of the requirement for instrumenting the
detonation aspects of nuclear weapons. Well, to do that, you had to measure
it very close, like within a quarter of a mile, or half a mile of the detonation
itself, at 50 kilometers [165,000 feet] high. . . . What they wanted to do is
... fire a Minuteman [an ICBM] from a western test site and have it go over
Johnston Island and detonate at 50 kilometers altitude, and, at the time they
detonated it, have a device hovering in the sky, 50 kilometers high, at a precise
location, the precise location being determined by radars knowing when the
missile was coming . . .

Wed fire the variable-thrust rocket engine, it would go up, and then at a
certain height, it would do a 180-degree turn in flight, like the Apollo did, and
then slow down to zero velocity, and then a stable platform would cause it to
hover there for a long period of time. The warhead would detonate and then
the HRS payload would obtain the data and then sometime later a parachute
was deployed and would be recovered at Johnston Island.'®

The program was cancelled in November 1964—U.S. ratification of the
Partial Test Ban Treaty the year before had made the likelihood of the HRS’s
actual employment in a nuclear test unlikely—but not before China Lake had
completed, as Bowen recalled, “a complete system design, demonstration firing of
the actual rocket engines, and buying all the components for almost everything.”

Bowen’s assertion that the HRS was intended to support nuclear testing—
despite the similarity to the ASAT system described by Freitag—is borne out in
part by the 165,000-foot altitude requirements for the HRS. An ASAT would

143 Ibid., 1; NWC TP 4456, Naval Weapons Center Technical History 1967, Part 3,
Bibliography, April 1968, 26. Hereinafter cited as NWC Tech History.

144 Rocketeer, 17 Jan 1964, 1, 3.

145 S-175, James A. Bowen interview, 14 April 1989, 30-31.
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have to operate at a substantially higher altitude than 31 miles.

Nevertheless, the Hovering Rocket System fits nicely with Moore’s “grand
scheme that we had of getting into the antisatellite business . . . making proposals
any place we saw some money that would let us learn about one of those things.”

Other Navy, Army, and Air Force Variants

One system mentioned often in connection with Navy ASAT efforts is
Sea Scout. The United States Civilian Space Program 1958—1978 (a Library of
Congress report for Congress) stated that:

. the Navy considered in 1960 and 1961 building for certain military
missions a rocket combination they called Sea Scout which was to be launched
from either a surface ship or a modified submarine. These missions included
Yo Yo (later Albatross), a one-orbit reconnaissance satellite; Skipper (later
Early Spring), a satellite destroyer which would loft debris in the path of an
approaching vehicle; and Renae, a tactical weather satellite. As a study project,
Early Spring was still active until 1964.

The report went on to describe in some detail the components of four
possible variants of Sea Scout and concludes :

The Sea Scout was not built and the Navy lost the authority to continue further
work on launch vehicles under the doctrines which passed such responsibility
to the Department of Defense with the Air Force as executive agent of the
department.'%

The author found no evidence that China Lake was involved in the Sea
Scout variants side except for a single allusion by Nicolaides in a 1960 open
literature article, “Examples of this approach [cheaper and more versatile
launching vehicles] exist in the Naval Ordnance Tracking [sic] Station (NOTS)
aircraft-launched satellite vehicles, Scout, Sea Scout, and Hydra.”

One parenthetical reference in the 1960 Zechnical History also indicates
SIP work was being conducted under a BuWeps Task Assignment titled
“Antireconnaissance System (Skipper).”!%’

146  United States Civilian Space Program 19581978 (prepared for the Subcommittee
on Space Science Application, Committee on Science and Technology, U.S. House of
Representative Ninety-Seventh Congress, First Session), by Science Policy Research
Division, Congressional Research Service, Library of Congress, Ser. D, Vol. 1, Jan 1981,
197-198.

147 John D. Nicolaides, “A New Frontier in Astronautics?” Signal, Dec 1960, 15; NOTS
Tech History 1960, 245. The Naval Missile Center, Point Mugu, did experiment with the
Hydra rocket fired from floating launchers in 1960.
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The Navy did pursue a research program into sea-launched rockets
beginning in 1961. Named Hydra, the effort investigated the feasibility of
launching various types of rockets from floating vertical launch assemblies.

The first water-launch tests were conducted by Aerojet-General Corp.
using first a 5-foot-long wooden dummy rocket powered by a 2.25-inch motors
and later a 10-ton boilerplate rocket powered by surplus Genie solid booster
motors. A test series at the Pacific Missile Range in 1962 employed POGO-HI
target rockets obtained from NOTS and launched from a recoverable floating
open-rail launcher.'*8

In the long run, the Army and the Air Force captured the nation’s
antisatellite mission. The Air Force had been in on ASAT work from the ground
floor. During 1958 and 1959, while China Lake was working on NOTSNIK
and Caleb, the Air Force was developing, through its contractors, Bold Orion
and High Virgo, air-launched ballistic missiles (ALBMs) capable of antisatellite

missions.#’

The Army was developing its own antisatellite-capable system using
ground-launched missiles. In 1962, Secretary of Defense Robert S. McNamara
approved the Army’s Program 505 to modify Nike Zeus ABMs with nuclear
warheads that could kill satellites in low earth orbit.!”

On 23 May 1963, a Program 505 Nike Zeus intercepted a satellite at
100 nautical milesaltitude, with asimulated detonation occurring approximately
290 meters from the satellite. The Office of the Secretary of Defense claimed
that the system was capable of engaging threats at altitudes to 200 nautical
miles, and that of 35 Soviet satellites examined, approximately half of them

passed through the Kwajalein-based area of Nike Zeus coverage.'!

Not to be outdone, the Air Force then proposed a longer-range nuclear-
kill-mechanism ASAT system. The White House Diary has the following entry
for 6 August 1963:

148 Bill Wilks, “Pogo-Hi Boosts Sea-Launch Stock,” Missiles and Rockets, 12 Feb 1962,
24-25.

149 Andreas Parsch, Directory of U.S. Military Rockets and Missiles, Appendix 4:
“Undesignated Vehicle, “WS-199,” http://designation-systems. net/dusrm/app4/ws-199.html,
accessed 24 Aug 2009.

150 Lt Col. Bruce M. DeBlois, USAFE, “Space Sanctuary, A Viable National Strategy,”
Airpower Journal, Winter 1968, http:/fwww.airpower. maxwell.af-millairchronicles/apj/apj98/
win98/deblois. html, accessed 24 Aug 2009.

151 Memo, Secretary of Defense Assistant for Atomic Energy (W. ]J. Howard) to Charles
E. Johnson, Office of the Special Assistant to the President for National Security Affairs,
18 Jan 1984, Johnson Library, National Security File, Subj. File, Nuclear Weapons, Vol. I,
Box 32. Top Secret, Sanitized E. O. 13526, Sec. 3.5, NLJ 10075, NARA, 12 May 2011.

89



The Station Comes of Age

President Kennedy assigns the highest national priority to Program 437, an
anti-satellite ballistic missile system using Thor rockets equipped with nuclear
warheads to cause electromagnetic pulses to damage space satellites.!>?

By January 1964, the Secretary of Defense had either spent or approved
about $85 million for Programs 505 and 437—and this was before Program
437 had a successful launch demonstration.!>?

Programs 505 and 437 won the day. On 17 September 1964, President
Johnson spoke on the steps of the California capitol building in Sacramento.
Citing the “danger that an aggressor might some day use armed satellites to try
to terrorize the entire population of the world,” he said:

To insure that no nation will be tempted to use the reaches of space as a
platform for weapons of mass destruction, we began in 1962 and 1963 to
develop systems capable of destroying bomb-carrying satellites. We have now
developed and tested two systems with the ability to intercept and destroy
armed satellites circling the earth in space. I can tell you today that these
systems are in place, that these systems are operationally ready, that these
systems are on alert to protect this Nation and to protect the free world.!**

Program 505 was later phased out in favor of the longer reach of Program
437, which was itself cancelled in 1972.

It wasn’t until the mid 1970s that the U.S. military revisited the idea of
an air-launched antisatellite missile. The Air Force Space Systems Command
worked with LTV Aecrospace to develop the ASM-135, which carried an
inertial/IR-homing kinetic-energy warhead and was designed for launch from
an F-15 in a supersonic climb. The efforts culminated with the September 1985
launch of the weapon against the U.S. Solwind P78-1 satellite, destroying the
target. According to the manufacturer, intercept occurred at a closing velocity
of 15,000 miles per hour, and the weapon hit the target within 6 inches of the
aim point."”

Further testing against satellite targets was halted almost immediately by a
Congressional ban, and the program was terminated in March 1988.'%¢

152 John F. Kennedy Presidential Library and Museum, White House Diary, hup:/fwww.
Jfklibrary.orglAsset-Viewer/KDp RULS3kEyv CS2x506 M QQ. aspx, accessed 21 Jan 2011.
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E. Johnson.

154 Lyndon B. Johnson, Remarks in Sacramento on the steps of the State Capitol, 17 Sept
1964, American Presidency Project, University of California Santa Barbara, hup://www.
presidency.ucsb.edulws/index.php?pid=26508, accessed 24 Nov 2009.

155 Vought Aircraft Corp. product brochure, “ASAT Missile,” http://www.voughtaircraft.
com/heritage/products/html/asat.html, accessed 3 Sept 2009.
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Through the 1960s and 1970s, as satellites became more common and
more essential to the world’s infrastructure of commerce, communication,
and navigation, the earlier urgency of an antisatellite capability diminished.
It seemed that world leaders came around to the feeling expressed by Harold
Brown, who as Director of Defense Research and Engineering had expressed
his antipathy to antisatellites in 1964:

It is more advantageous to the United States to have our satellites and the
Soviet satellites up there, than it is to have neither ours nor theirs."”

NOTS did not develop a successful antisatellite system. In a variety of
programs and through a maze of different sponsors and funding sources, many
of the complex technical problems inherent in satellite and antisatellite systems
had been solved, but China Lake does not appear to have ever actually tested
an ASAT against an orbiting satellite.

China Lake was involved in other projects on the 1960s that supported the
nation’s expansion into space. Although none was as dramatic as the satellite
and anti-satellite work, these projects did showcase a broad range of NOTS
capabilities.

Contributions to Space Exploration

A watershed event in American space exploration occurred on 25 May
1961, when President Kennedy, in his second State of the Union address, said:

I believe that this nation should commit itself to achieving the goal, before
this decade is out, of landing a man on the moon and returning him safely to

the earth.’

By the end of the year, NASA had expanded its man-in-space efforts from
the Mercury program of one-man capsules to the development of a two-man
program, dubbed Gemini. Gemini was an intermediate step between Mercury
and the three-man Apollo missions, which would realize the commitment that

Occasional Paper 42, USAF Institute for National Security Studies, Maxwell Air Force
Base, AL, 2002, 93.

157 Harold Brown interview, May 6, 1964, 23, John E Kennedy Library Oral History
Program. Brown, who later served as Secretary of Defense under Jimmy Carter, also noted
the inherent flaw in the ground-launch approach to ASATS. “If the Soviets do put up a
satellite that we for some reason think we have to knock down, or to kill, rather, and the
kill, by the way, takes a nuclear explosion which is against the nuclear test ban treaty—we
may have to wait up to a week or so before the satellite comes over the right place. It
eventually will, but we may have to wait a week,” 26.

158 John E Kennedy Presidential Library and Museum, h#tp:/fwwuw.jfklibrary.org/[FK/JFK-
Legacy/NASA-Moon-Landing. aspx, accessed 20 June 2013.
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Kennedy had made for America.

Blowing up a rocket early in flight, as America had done so many times since
1957, was a major expense and embarrassment when the payload was scientific
instrumentation. With a human payload, the potential cost was much greater.
Project Mercury employed a launch escape system that consisted of rockets
mounted on a tower atop the manned capsule that would pull the capsule
up and away from a malfunctioning launch vehicle. The capsule would then
descend by parachute. The system was awkward, and doubts were expressed as
to the survivability of the astronaut if the system ever had to be used. Operation
of the separation mechanism between the booster motor and Mercury capsule
had been tested at SNORT in the summer of 1961, under the oversight of
NOTS Project Engineer Bill Moore.'>

Gemini was the only U.S. spacecraft until the Space Shuttle to employ a
true ejection system for its astronauts. NASA selected NOTS to test the system,
which used aircraft ejection seats built by Weber Aircraft Co. According to a
1963 Rocketeer article, “Nearly 300 aircraft pilots belong to an exclusive club of

those who have safely ejected from a jet in a Weber ejection seat.”!®

Ejection would be possible only while the Gemini’s Titan II rocket was on
the launch pad or during the earliest stage of powered flight. This early launch
phase, however, was considered most critical; memories of Vanguard rockets
collapsing on the launch pad were still fresh in the public’s mind. China Lake’s
program used the 150-foot launching tower at Randsburg Wash to simulate
“on the pad” ejections and employed the SNORT facility to simulate ejections
made after Gemini liftoff.

On-the-pad testing began in June 1963 when an anthropomorphic dummy
was successfully ejected from atop the launch tower. More than 30 technicians,
engineers, and company representative watched as an explosive shell ejected the
seat with the dummy from the test bed. A rocket motor carried the seat a safe
distance from the “launch vehicle,” and another explosive charge deployed the
parachute.

Among the crowd were Bob Vorwerk, project engineer; Jim Keosky, “seat”
range engineer; and Oscar Perkins, ground range engineer. Also on hand
was former China Lake Test Department employee Ken Hecht, the NASA
representative for the recovery system; and Gordon Cress, Weber’s project
engineer.

“The idea,” reported the Rocketeer, “is to shoot a man as far away from an

159 Rocketeer, 27 July 1962, 4.
160 Rocketeer, 21 June 1963, 1, 4.
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exploding launch vehicle as is necessary and as fast as possible without harming
him.” Max Peterson, Weber’s senior man at the tests, noted that “escape for

astronauts becomes a rocketry problem in itself.”!¢!

Single dummy tests at Randsburg Wash were followed by tests in which
two dummies (Castor and Pollux) were ejected. One was a 15th-percentile
dummy (taller and heavier than all but 15 percent of the population) and the
other a 75th-percentile dummy. Each was fitted with accelerometers and gyros
to obtain acceleration, roll, pitch, and yaw data. The ejection system for the
initial tower tests was not enclosed in a Gemini capsule.

Developmental testing of the seats at SNORT had begun in July 1962.
The 4.1-mile track, opened in 1953, was more than adequate to the task. It was
capable of sustained runs with heavy carriage weights at velocities up to 3,700 feet
per second—several times faster than the subsonic speeds required to simulate
the dynamic environment that the Gemini capsule would encounter during the
first moments after launch. The developmental tests at SNORT, using a mockup
or “boilerplate” model of the Gemini capsule, were designed to “make sure all the
‘bugs’ are eliminated” before the actual seat qualification tests.'®*

Dual-seat testing on SNORT began in July 1963, under the direction
of Project Engineer Mario Falbo of the Test Departments Supersonic Track
Division, and continued through 1964. In November 1964 seven astronauts
visited to Station to watch one of the tests: John Young, Ed White, Wally Schirra
(a former NOTS Sidewinder project pilot), Tom Stafford, Gus Grissom, Frank
Borman, and Jim McDivitt.!®

The two final qualifying tests for the Gemini ejection system were
conducted in February 1965, with the first Gemini launch scheduled for April.
One of the February tests was held at SNORT under dynamic conditions (near-
supersonic speed at ejection). In the other, witnessed by astronaut Lieutenant
Commander Alan Bean, a Gemini boilerplate capsule with seats and dummies
installed and hatches closed was tested at the top of a Randsburg Wash tower.
The test simulated a launch abort and ejection from atop the Titan II launch
vehicle on the launch pad at Cape Canaveral. At T-minus-zero, the capsule
hatch was blown off, Castor and Pollux were successfully ejected and rocketed
away from the tower, the parachutes opened, and the two dummies touched
down 850 feet from the launch tower in “perfect shape.”!%4

161 Ibid., 4.

162 Rocketeer, 7 Dec 1962, 1.
163 Rocketeer, 13 Nov 1964, 5.
164 Rocketeer, 19 Feb 1965, 4.
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Gemini capsule
at SNORT
(above) and atop
Randsburg Wash
Tower (at right).
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Ten manned Gemini flights were conducted in 1965 and 1966. All of the
Titan II launches with manned capsules were successful (although at least two

preliminary unmanned test launches failed), and the ejection system was never
used.'®

In 1964 NASA called into the nation’s service a tracking device conceived
at China Lake 14 years earlier. When the Test Departments Jack Clemente
began development of the Tracking Instrument Mount (TIM) in 1950, he
envisioned it as a successor to Askania and Mk-45 tracking mounts, which he
felt would not be adequate for tracking high-performance aircraft.

After Clemente left China Lake, Lyman Van Buskirk continued the work
on TIM. When NASA learned about TIM at an Optical Systems Working
Group meeting in early 1963, it funded the project and asked for an early 1964
delivery. TIM was to be used in Project FIRE (Flight Investigation Reentry
Environment) to study the effects of re-entry heating on materials used in
spacecraft.'¢

With only 10 months of lead time, Art Bittel (head of the Opto-Mechanical
Branch) was put in charge. Phil Roper was assigned as project engineer and Van
Buskirk was the technical advisor. The task was completed on time and the
39,000-pound 105-inch-diameter mount (carrying a 36-inch telespectrograph)
was airlifted via C-124 to Ascension Island in the South Atlantic, where it
tracked the re-entry of “an Apollo-shaped vehicle.”

Said Bittel of this typical NOTS team effort:

I don’t know we could have made it without the cooperation of the Engineering
Department’s Machine Shop personnel, NOTS Pasadena Supply Department,
L. [Irving] R. Stone [contract specialist], and the Public Works riggers.'®”

Another Station contribution to the nation’s space mastery came later in
the Apollo era. NASA researchers had devised the Active Seismic Experiment
to measure lunar seismology by using a mortar to launch grenades that would
explode on the moon’s surface. Geophones would record the resultant seismic
shocks and the data would be used to profile the sublunar geological structure.
Contamination of the moon’s surface with biological material was a concern to
NASA scientists who contacted China Lake about the possibility of developing a
sterile propellant to use in the mortar. Ray Miller, former head of the Propulsion

165 Barton C. Hacker and James M. Grimwood, On the Shoulders of Titans: A History of
Project Gemini, NASA Special Publication 4203, NASA History Series, 1977, hup:/fwww.
hq.nasa.govioffice/pao/History/SP-4203/ch7-2. htm, accessed 4 Jan 2010.

166 Rocketeer, 24 Jan 1964, 1, 4, 8.

167 Ibid., 8.
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Systems Division, Propulsion Development Department, recalled:

They needed a propellant that was sterilizable. And of course, that takes
extremely high temperatures to sterilize anything. . . . So Ron Vetter and I
worked up a formulation, and it used an oxidizer that was very stable thermally
so that it could be sterilized. And those went to the moon.

The mortars were used during the Apollo 16 mission in 1972, and the
experiment was officially declared a success.'®

Engineering technician Jud Eldridge worked with Vetter and Miller
in developing the formulation, PL 6670, which would also be used in the
parachute ejection mortar of the Viking Mars Lander and in the F-14A aircraft’s
emergency escape system. “The propellant’s stability in extreme environments
makes it useful for a wide variety of applications,” Vetter said.'®’

Three other NOTS ventures into space are worth noting. In December
1962 NOTS astronomer Bill White accompanied Air Force Captain (later
Colonel) Joseph W. Kittinger II, on an 18%2-hour balloon flight over New
Mexico. In an observation gondola named Stargazer, the pair reached an
altitude of 82,000 feet, where they photographed stars and performed various
other scientific experiments. The two wore space suits to protect them against
outside temperatures of -82°F and to monitor their physiological state.

“The doctors told me that my reactions, as measured on Earth, were quite
normal throughout our trip,” White told the Rockezeer. “But in my own mind,
I know how excited I was.”!7?

The following summer, in August 1963, a NOTS-designed ozonesonde
ascended to 145,000 feet (more than 27 miles) above North Dakota on a
balloon. The device measured the vertical distribution of ozone as it passed
through the ozonosphere (which extends from about 6 to 30 miles above the
earth) and telemetered the results back to a ground crew for further processing
in the NOTS IBM 7090 computer. The results were compared with a chemical
ozonesonde, produced by Parametrics, Inc., which was also on board. (At
70,000 feet on the ascent, well above the ozonosphere, the chemical ozonesonde

failed.)'”!

168 S-262, Ray Miller interview, 4 Sept 2008, 13; Sec. 3.2.10, “Active Seismic Experiment,”
Apollo Program Summary Report, JCS-09423, April 1975; “Apollo 16 Final Lunar Surface
Procedures,” March 16, 1972, hitp://ares.jsc.nasa.gov/HumanExplore/Exploration/EXLibrary/
docs/ApolloCat/Part1/ASE.htm accessed 31 Dec 2009. Elmer Rhyn also assisted in the
development.

169 Rocketeer, 11 Feb 1972, 3.

170 Rocketeer, 25 Jan 1963, 1, 3.

171 NOTS Tech History 1962, 2-26.

96



Chapter 2. Reaching Skyward

The project, led by Arlin J. Krueger of the Earth and Planetary Sciences
Division and supported by the Office of Naval Research, was part of China
Lake’s development of a new rocket-borne ozonesonde (ROCOZ) for use with

the Arcas sounding rocket.'”?

Several other members of the division (headed by Dr. Pierre Saint-Amand)
assisted Krueger, as did James Lee and Larry Pace of the Weapons Development
Department and Dr. William R. McBride of the Research Department’s
Chemistry Division. In 1969 Krueger would leave China Lake for NASA,
which later awarded him its Exceptional Scientific Achievement Medal and
Exceptional Service Medal.

Finally, a China Lake space project that did not reach such a rarified
altitude as White’s Stargazer or Krueger’s ozonesonde offers insight into the
enthusiasm that China Lake scientists and engineers brought to their chosen
field of rocket science.

In 1960 Marshall Kriesel was a 20-year-old sophomore at the University of
Minnesota, majoring in aeronautical engineering. In his spare time he worked
on a liquid-fueled rocket that had begun as a high-school science project 5
years earlier. He contacted local naval officials, was put in touch with NOTS,
and soon was on his way to China Lake with a rocket named Labor of Love on
which he'd spent $3,500 of his summer job earnings.

Another institution might have smiled at the young man and presented
him with an Official Rocket Scientist pin, but not China Lake. The NOTS
scientists and engineers took the young man and his 11-foot-long, 5-
inch-diameter missile seriously, with a reported 70 people helping with launch
preparations.'”?

The Rocketeer reported:

Kriesel conceived the rocket according to his own design which included a 1,000
Ib. thrust rocket engine, using highly volatile red fuming nitric acid and aniline as
the propellant, guidance and control systems, telemetry, and a
destruction mechanism. It passed the rigid scrutiny of Navy scientists,
who shattered precedent by permitting the firing, and by scientists at the
Minneapolis-Honeywell Regulator Co., who assisted Kriesel throughout his
project.!74

172 Rocketeer, 20 Sept 1963, 1, 4.
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97



The Station Comes of Age

Marshall
Kriesel and
his rocket at
China Lake.
Grey Villet
photo
courtesy

of LIFE

magazine.

The first launch, in September 1960, failed when a “10-cent item” (a
pressurization valve) malfunctioned. Among the disappointed attendees were
national news media including ABC, CBS, AP, UPL, the Los Angeles Times,
and many newspapers and magazines. Kriesel returned to China Lake on his
Christmas vacation that year and tried again.

The story had attracted such wide national attention that this time L/FE
magazine sent famed photojournalist Grey Villet to capture the event in a two-
page three-photo story.'”

The rocket was designed to reach an altitude of about 1% miles but ascended
only about 1,000 feet and traveled about 300 yards downrange in a 7-second

175 “A Rising Young Rocketeer,” LIFE, 15 Sept 1961, 19, 21.
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flight. According to China Lake Project Engineer Dick Harris, a misaligned
control fin probably caused a right-down maneuver, thus terminating the
flight prematurely. Nevertheless, the Rockezeer reported, “The exuberant Kriesel
considered the launch a success.””®

After the flight, but before the 10 days of post-flight data reduction and
high-speed film analysis that would fill his Christmas-vacation time at China
Lake, Kriesel said “I'm the happiest boy on earth.”

He worked the following year as a China Lake summer hire and would go
on to become a prolific inventor with more than 200 patents. In December
1960, when he was interviewed for the AP story, Kriesel said, “I'm proud to be
an American, proud to demonstrate to other kids that this can happen to them,
too; that our government will cooperate.”'””

Asked 39 years later if he still felt that way, Kriesel responded, “I only wish
that the kids of today—and especially the ones who are interested in science—
could have the same opportunity that I had.””®

Summing Up

Considerable mystery—and confusion—still surrounds the true purpose
of China Lake’s many ventures into space, if indeed there was a single purpose.
Part of the discontinuity is attributable to the erratic starting, stopping, and
redirecting of programs and projects. The helter-skelter approach reflects the
coming and goings of many different sponsors, each bringing its own space
agenda—as well as its much-needed funds.

McLean and his managers could smooth these perturbations to some
degree by reprogramming project funds within the organization and judiciously
distributing the limited in-house funding sources, but that process, coupled
with the hectic pace of events during the first years of the space race, left an
incomplete and convoluted paper trail as well as conflicting recollections from
the participants.

NOTS management, in an August 1961 report to the Secretary of Defense,
lamented the variety of funding sources and the procedures necessary to finance
any given China Lake project. To illustrate the issue, the report’s authors selected
“NOTS Caleb” and constructed a table showing that between 1958 and 1961
funding for Caleb came from Station E&EFE, the BuOrd Research Division, the

176 Rocketeer, 6 Jan 1961, 1. Kriesel recalled the altitude as “about 1000 feet.” Other
reports ranged from 300 feet (Rocketeer) to 2,000 feet (News-Palladium).
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178 Marshall Kriesel, email to the author, 7 Feb 2010.
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BuOrd Material Division, ARPA, NASA, the Armed Forces Special Weapons
Projects Agency, the Bureau of Naval Weapons RDT&E Group, Pacific Missile

Range, and the Naval Research Laboratory. And that was in 1961, at the very
start of the SIP project and before HIHOE.'”?

That patchwork of funding sources was both a curse and a blessing. On
one hand, Station management had some extraordinary juggling to keep people
working productively on real projects and to maintain stability and direction
in the efforts of the technical workforce. Also needed were intense marketing
efforts and a near-continuous presence of China Lakers “back East” dealing
with sponsors.

On the other hand, as Don Moore pointed out, the large number of
potential sponsors with money let the Station make “proposals any place we
saw some money that would let us learn about one of those things.” And
as Nicolaides noted, the plethora of programs created confusion “if anyone
outside a few Navy personnel would attempt to track any of the efforts.”

The question remains as to whether there was an overall purpose in the
collective efforts of the base, and, if so, what it was. Moore saw the various
manifestations of China Lake’s air-launched satellite-delivery vehicles—

NOTSNIK, Caleb, SIP, HIHOE, Guided Flight Vehicle—as steps toward an
antisatellite capability.

A broader interpretation is that China Lake was pursuing and refining the
larger vision of an inexpensive, reliable, flexible method for launching earth
satellites. In McLean’s memorandum of the October 1957 meeting that started
the Station’s space efforts, he wrote:

The question of what would be accomplished by the development of an
inexpensive reconnaissance satellite was discussed with the following items
being listed: (1) weather, (2) radio survey and location, (3) ship location, (4)
damage assessment, (5) target location (6) political influence, (7) research data
on the upper atmosphere, and (8) demonstrate that a low cost satellite is feasible
and thus exert pressures for reduction in government costs.'>

Demonstration of a relatively inexpensive means to put a satellite in
orbit is a common thread through many of NOTS’ space programs. McLean
believed that if a device could be made to accomplish its intended purpose well
and reliably and it could be produced cheaply, it would be widely used. This
approach had worked with Sidewinder, and there was no reason to believe it
would not also work on systems designed for outer space or for the ocean deeps.

179 AdPub 107, Encl. (1), “In Reply to Secretary McNamara’s Task No. 97,” 37.
180 Memo, Doc. No. 01-45, “Meeting in Dr. McLean’s Office,” 2. Emphasis added.
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In a 1969 interview with Astronautics ¢ Aeronautics McLean articulated
this philosophy in the context of undersea vehicles:

I think it’s very important to be working toward the creation of a vehicle
as reliable and as economical as the private automobile or airplane. . . The
first such units will probably sell for $100,000. As they get produced in
larger quantities, I would hope and expect the price to drop by an order of
magnitude or more.'®!

McLean also believed that the initial design and experimentation of
radically new systems should be done with only minimal oversight from those
who didn’t understand the technologies involved or the risks inherent in new
development:

Any new development brings a certain degree of risk, and it has to be
individual risk. If the FAA regulations had been in effect at the time of the
Wright Brothers’ first flight, we never would have gotten any aviation going.

He was keenly aware that the less understanding there was in Washington
about the details of what China Lake was doing, the less likelihood that the
Station would be told to stop doing it, or to do it differently.'®*

NOTS’ efforts to take command of space were a manifestation of the
Station’s holistic approach to warfare: the Fleet must be capable of carrying
the fight to the enemy anywhere, from the sea bottoms to space, and China
Lake must be there to support them with systems that were cheap, effective,
simple, and dependable. McLean’s vision of the future of naval warfare was of
far broader reach than that of most of his contemporaries, civilian and military.

Space programs were never the largest part of the Station’s technical effort.
'The Command History for 1961 reported that “support of astronautics and space
programs continued to the extent that 10 percent of the Station’s technical effort
was expended in this area.”Space programs did, however, support a broad range
of scientific and military programs and developed essential new technologies
for outer space exploitation, most notably the nutation control and platform
precessing techniques and the variable thrust controller for liquid-fueled rockets.'®?

The space programs also reveal two recurring themes in China Lake
weapon- and system-development philosophy. One is the reliance on technical
cross-fertilization that was encouraged by co-locating distinct and unrelated
science and engineering disciplines. In any given NOTS project, a team could

181 “A Bedrock View of Ocean Engineering,” Dr. William B. McLean interview,
Astronautics & Aeronautics, April 1969, 33.

182 Ibid., 35.

183 NOTS Command History 1961, 1.
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be assembled at the drop of a slide-rule that would include experts in electronics,
chemistry, propulsion, ballistics, sensors, material properties, or whatever other
disciplines might be required, as well as experienced military personnel.

While leaders like McLean, Wilcox, and Wilson ran interference, these in-
house subject-matter experts were free to address the technical issues and test
their approaches in China Lake’s laboratories, machine shops, and specialized
ranges and test facilities. Ideas formulated in solitude could be spun out in
noisy argument at the Officers” Club.

While occasional personality mismatches occurred among the large egos
of the China Lake workforce, teams were generally close knit. The fact that
team members lived cheek-by-jowl far from the diversions of cities, knew one
another socially as well as professionally, and could (and did) go back to the
office or laboratory or hangar at virtually any hour of any day, all helped to
cement team bonds and provide a disincentive for giving anything less than a
100-percent effort.

A second theme is the emphasis on adapting earlier developments to
new technological challenges; for example, the evolution of the NOTS EV-1
launch vehicle to carry payloads of various sizes and weights, the adaptation of
a Sidewinder seeker to the ballistic missile plume-characterization projects, the
application of nuclear weapon air-delivery techniques (anytime, anywhere) to
satellite air launches, the refinement of a Sidewinder-based nutation device for
satellite stability, the application of IR scanning technology to earth and cloud
mapping, the use of variable-thrust control techniques in the soft-landing
vehicle and the hovering rocket system, and the adaptation of NOTS-developed
sled-track-booster rockets for the SIP ground-launch variant.

Don’t reinvent the wheel, but rather invent new uses for wheels. Or borrow
the spokes and go start another project.
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The marriage of imagination and science with the hard facts of life . . . .

— Secretary of the Navy John B. Connally Jr., 1961,
speaking of the NOTS weapons-development process

During the 1950s, two roads diverged in the course of U.S. military pre-
paredness. One road followed nuclear weaponry. The other, less traveled in those
days, pointed toward conventional weaponry. China Lake, not surprisingly,

took both.

Military planners draw a distinction between “strategic” operations
(those that have a long-range effect on the enemy and influence his policy)
and “tactical” operations (those undertaken to accomplish a specific military
goal during an active conflict). With some few exceptions, nuclear weapons
are considered strategic tools, while tactical weapons employ non-nuclear
conventional-explosive warheads.

Under President Eisenhower, the U.S. defense posture emphasized nuclear
weapons. The administration embraced a strategic nuclear policy called the
New Look, which was based on the doctrine of massive retaliation. Any attack
on the U.S. or its allies would be met by a massive and disproportionate
response. Everyone was aware that if the initial attack was by a nuclear power,
then an all-out nuclear war would quickly ensue. Eisenhower was convinced
that by threatening massive retaliation (often described by critics as “suicide or
surrender”) he could meet his defense obligations while sustaining the nation’s
long-term economic health. He thought that the New Look would avoid the
crushing financial burden of protracted conventional warfare, such as that
imposed on the nation by the Korean War. The administration’s policy was
publicly proclaimed in a speech by Secretary of State John Foster Dulles in
1954 in which he referred to the “deterrent of massive retaliatory power.”*

1 Rocketeer, 20 May 1961, A-3.
2 “Text of Dulles’ Statement on Foreign Policy of Eisenhower Administration,” New York
Times, 13 Jan 1954. Dulles referred to the policy as “getting maximum protection at a
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Charles E. Wilson, who served as Secretary of Defense from 1953 to 1957,
said that the United States “can’t afford to fight limited wars. We can only
afford to fight a big war, and if there is one, that is the kind it will be.”

The Air Force was content with the New Look scenario. That junior
service—not created until 1947—had embraced nuclear technology more
closely than either the Army or the Navy. Emphasis on strategic nuclear
armaments meant a bigger Air Force share of the defense pie.

Even those who opposed the idea of all-out nuclear war as the only alternative
to peace were not necessarily thinking in terms of conventional weaponry. In
1958, when General James Gavin announced his retirement from the Army,
where he had been Chief of Research and Development, he contended that the
Army had been hurt by the heavy concentration of investment in the Air Force.
Gavin’s version of “limited war,” however, involved tactical atomic weapons. “I
had become convinced that nuclear weapons had a tremendous field for tactical
application, in fact, in the long run, probably the most promising field of all.”
As early as 1949 he advocated changing the then-current policy of allocating
all fissionable material to strategic use. The issue of nuclear versus conventional
forces was as much a battle for service dominance as it was an argument over
the efficacy of particular types of weapons.*

Nuclear Programs

NOTS management saw opportunity in the development of conventional
weapons for limited warfare—opportunity to provide the Navy with the kind
of weapons needed to defend the nation in a rapidly changing world as well
as opportunity to bring more work to the desert. This perception did not,
however, mean that the Station was about to give up its nuclear work. The
NOTS tent was large enough to hold many programs, and nuclear weapons
were firmly entrenched in the organization.

In 1945, the Station had been a key player in the Manhattan Project,
which produced the world’s first nuclear weapons. Under the code name
Project Camel, China Lake developed, cast, machined, and tested the high-
explosive lens blocks that were used to bring the nuclear material together
with sufficient force to achieve critical mass: the sine qua non of weaponizing
nuclear energy. Case designs for nuclear weapons were also developed at the

bearable cost.”

3 Official biography of Charles E. Wilson, hutp:/fwww.defense.govispecials/secdef histories/
bios/wilson.htm, accessed 5 Jan 2010.

4 James Gavin, War and Peace in the Space Age, 1958, 114.
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VX-5 A4D-2 Skyhawk in flight with a Mk-7 nuclear shape (T-63) on

the centerline, circa 1959.

Station and nuclear bomb shapes were tested in drops from Army B-29s on
the Station’s ranges. After the two nuclear bombs, Little Boy and Fat Man,
ended the war with Japan, China Lake remained active in the nuclear weaponry
field. Frank Knemeyer headed a nuclear-weapon development project known
as Project Elsie (L. C. for “light case,” also called Little Child, harkening back
to Little Boy). Elsie was based on the TX-8 nuclear weapon, which was further
developed into the TX-11 and released to the Fleet as the Mk 91 nuclear

penetrator bomb.

Beginning in 1952, NOTS developed the rocket-propelled nuclear
Bombardment Aircraft Rocket (BOAR) and a release computer for weapon
delivery. Stan Marcus was the project engineer. VX-5 developed the loft-
bombing technique that would ensure launch aircraft survivability when the
nuclear device detonated. BOAR was deployed on aircraft carriers in 1956 as
an air-to-surface standoff weapon.’

During the late 1950s, NOTS Special Weapons Division developed kits
to adopt the Regulus I and II missiles to a nuclear warhead. The division also
worked on warhead designs for Diamondback (a nuclear warhead version of
Sidewinder) and Thunderbird (a long-range nuclear-armed guided missile).

5 Major Accomplishments, 59. BOAR is translated by some as Bureau of Ordnance Atomic
Rocket.
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The division was renamed the Nuclear Weapons Evaluation Division in 1957
and relocated to Kirtland Air Force Base, New Mexico, where the following
year it was separated from NOTS and reassigned to the Naval Air Special
Weapons Facility.

NASWE later became the Naval Weapons Evaluation Facility (NWEF),
affectionately known to its Navy and civilian workforce as “the Rio Grande
Navy” In 1991 NWEF was reassigned to China Lake (under the newly
organized Naval Air Warfare Center Weapons Division), only to be closed in
1993 pursuant to a Base Realignment and Closure (BRAC) action.

With the obsession on “all things nuclear” that prevailed during the 1950s,
the Station also developed Big Stoop, a surface-launched nuclear weapon that
stood 51 feet tall (it was tested to ranges of 20 miles). Later NOTS demonstrated
the feasibility of a submarine-launched shore-bombardment nuclear weapon

called Marlin.

VX-5 was devoted almost exclusively to nuclear weaponry during the
postwar years. “In 1958 as it had been for perhaps 10 years, all the flying in
VX-5 was connected with nuclear weapons delivery whether it was low-level
navigation, aerial refueling, mission profiles, loft bombing, or dive bombing,.
When I joined VX-5 in March 1958, we did every kind of nuclear weapons
delivery that there was,” said Marine Captain William H. Fitch who came to
VX-5 straight out of Test Pilot School at Patuxent River.°®

Polaris

The most significant contribution China Lake made to the nation’s nuclear
program was in the development of the Polaris fleet ballistic missile system.
NOTS’ involvement began with the earliest theoretical studies and included
participation in design development (particularly the underwater launching
system), propellant development and testing, full-scale motor testing, and
development of motor radiological inspection techniques. Polaris would
eventually become the third leg of a nuclear triad—bombers, intercontinental
ballistic missiles, and submarine-launched ballistic missiles. Collectively, these
would ensure survivability of a U.S. counterstrike capability after an enemy
first strike: the foundation of nuclear deterrence.

Beginning about 1955 there was growing recognition in the defense
establishment that truly sustainable nuclear dominance for the U.S. would
require a submarine-launched nuclear weapon. The first weapon proposed by

6 Lt Gen. William Fitch interview, Marine Corps Oral History Program, McLean, VA,
2006, 129.
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the National Security Council was the Jupiter missile, far too big to fit in a
Navy submarine. A new submarine large enough to carry Jupiter would need to
be on the order of 8,000 tons displacement, more than twice that of Nautilus,
the nation’s first nuclear submarine, launched in 1954. Plus Jupiter was liquid
fueled, anathema to the Navy because of the potential for disaster in the storage
and handling of the fuel components at sea.

Back to the drawing board went the planners; the next iteration of a sub-
launched nuke was a solid fueled missile, Jupiter S, which would weigh in
at a whopping 160,000 pounds. An even larger submarine would be needed
to accommodate that system and the submarine would have to come to the
surface to fire its missiles—a disadvantage if the launching submarine was to
avoid detection.”

In a study begun in 1956 called Project Mercury, China Lake’s Weapons
Planning Group (Code 12) showed that by taking advantage of technologies
then in the pipeline, a much smaller, lighter missile could be developed. Frank
Knemeyer, Don Witcher, Charles Arney, Peter Kim, and M. Duncan Insley
proposed the concept of a far lighter missile, reducing the warhead, guidance
unit, and controls in size and integrating the warhead case with a lightweight
beryllium heat shield for a substantial weight savings. They backed up the
recommendation with a flight test of a proposed reentry configuration on the
NOTS Ballistic Firing Range. “As a result, we came up with the Polaris missile
to be 30,000 pounds,” said Knemeyer. “In reality it ended up being 33,000
pounds, but that breathed life into the whole Fleet missile business.”®

Two members of Code 12, Dr. Glover S. “Dud” Colladay and David
Bloom, conducted a study that explored targeting strategies and the amount
of damage that would need to be inflicted by U.S. ballistic missiles to preclude
a counterstrike from the enemy. They came up with the “Rule of Three”:
maximum disruption would be achieved by killing one third and injuring one
third of the people in the target cities. Further, government control could be
effectively destroyed by using a 1-megaton warhead on each of 25 Soviet cities.
These numbers were considerably smaller than those recommended by earlier
studies.?

7 Baar and Howard, Polaris!, Chap. 4-5.

8 S-117, Knemeyer interview, 27. The results of Project Mercury were published in February
1957. During this period NOTS also developed competing ballistic-missile concepts such
as North Star, a liquid-fueled submarine-launched boost-glide vehicle. Except for the
launch mode, North Star was similar to the Air Force’s X-20 Dyna-Soar, which began
development in 1957 and was cancelled 6 years and $600+ million later.

9 In a subsequent study, Knemeyer, Kim, and Insley proposed a Polaris missile follow-on
with vastly extended range that would reduce detection threats as well as submarine-transit
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Dr. Frank E. Bothwell and Witcher participated in Project Nobska, held
at Woods Hole, Massachusetts, in summer 1956. 'This study, ordered by CNO
Arleigh Burke and conducted by the National Academy of Sciences’ Committee
on Undersea Warfare, considered the effect of nuclear submarines on national
security. The “Panel on the Strategic Use of the Undersea” recommended that a
small solid-fueled ballistic missile be developed (after nuclear physicist Edward
Teller assured the participants that a nuclear warhead small enough to be launched
from a submarine was indeed possible). According to nuclear historian Chuck
Hansen, “Dr. Teller asked a simple and vital question: “Why are you designing a
1965 weapon system with 1958 technology?”” The concept of inserting projected
technology into an ongoing development program was revolutionary.'’

In October 1956 CNO Burke endorsed the Nobska group’s final report,
and in December DOD approved the plan to shift from the Army’s Jupiter
to the Navy’s solid-propellant concept, Polaris. The Navy set up the Special
Projects Office (SPO) under Rear Admiral William E “Red” Raborn, Jr.,
specifically to run the Polaris program. Raborn’s office had Brickbat 01 status,
the Navy’s highest procurement priority rating, and unlimited funding to make
Polaris a reality. SPO accepted the NOTS studies, which were fundamental to
the final design of the Polaris submarine-based missile system and to the Navy’s
nuclear strategy.

The Army and the Air Force had come narrowly close to edging the Navy
out of the country’s strategic force structure, but Polaris made the sea service an
essential part of that structure. W. Stuart Symington, a former Secretary of the
Air Force and a senator from Missouri for 23 years, said years later that “what

saved the Navy and much of its combat mission was the Polaris submarine.”"!

In 1961 Bothwell, head of Code 12 from 1954 to 1959, received the
Station’s highest honor, the L. T. E. Thompson Award for

... his vital contribution to the currently accepted concepts of a submarine-
launched ballistic missile system. His work as head of the Weapons Planning
Group at NOTS was eminently instrumental in emphasizing the Polaris
concept, including a great amount of detail on warhead and weapons
requirements for strategic targeting.'?

times to in-range launch sites. That missile was called Atlantis (a missile of Atlas range in
DPolaris size). Frank E. Bothwell, 7he Origin of Atlantis, NOTS Weapons Planning Group,
13 Jan 1958.

10 Chuck Hansen, U.S. Nuclear Weapons, The Secrer History, Acrofax, Inc., Arlington, TX,
1988, 203.

11 W. Stuart Symington interview, U.S. Air Force Historical Research Agency, Maxwell
Air Force Base, AL, 2 May 1978, 199.

12 NOTS Command History 1961, 21.

108



Chapter 3. Back to Basics

In 1957 SPO assigned NOTS responsibility for the Polaris underwater-
launch system. The Station investigated both a capsule-launch and a “bare
missile” system.!?

To develop launch techniques, the NOTS engineers had to use more than
slide rules and drafting tables. James A. Bowen was design engineer for the
system that would separate the missile from the underwater launch capsule. He
recalled:

We built full-scale models and devised all different kinds of techniques for
separation. We used the Randsburg Wash facility, the big 300-foot towers out
there, to actually demonstrate the opening of the capsule with special rocket
motors that were fixed to the nose section. I had a system built in Area R where
I had a 100-foot by 100-foot fish net built up. When one-fifth-scale devices
were fired, when they'd open, the components would not be destroyed.'

Many tests during the capsule-launch concept development phase had to
be conducted under water. Navy divers were available at San Clemente Island,
but they were not trained for inspecting and verifying the underwater test
arrangements. China Lake’s Explosive Ordnance Disposal (EOD) officer set up
a diver training program for NOTS engineers: 2 weeks at the Station pool, and
another 2 weeks in open-ocean training at San Clemente Island. Bowen and
about another dozen China Lake engineers were trained through the program.
“Very rugged, and very interesting,” said Bowen.

Underwater work was new to most China Lake engineers. Bowen explained
that:

As time went on, there was a cadre of personnel who became more involved
with the underwater world, a world to itself. In other words, involved with
keeping water out, preventing leaks, preventing rust, and things that were
much more severe—that were different environmentally than the things that
we normally were working on."

This experience would prove invaluable in later years as NOTS became more
involved with underwater systems such as Moray, Deep Jeep, and Rock-Site.

McLean preferred the capsule launch approach, on which development
continued through 1957 and 1958. The obvious advantage was that the depth

13 NOTS had already investigated underwater missile launching. Capt. Levering Smith,
the SPO technical director, was fully aware of NOTS’ technical capabilities, having served
at NOTS from 1947 to 1954.

14 S-175, Bowen interview, 15. “You don’t buy fishnets ready made,” said Bowen. “You
have fishnets made to order. So the Supply Department had the job of having a fishnet
maker make it.”

15 Ibid, 16.
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of launch could be vastly increased beyond the maximum sustainable by a “bare
missile.” NOTS’ capsule launch program included full-scale buoyant launching
tests at Morris Dam and culminated in a successful demonstration of the
capsule and a Polaris test vehicle firing at the San Francisco Naval Shipyard’s
Peashooter test facility.'®

Positive results of the capsule launch approach notwithstanding,
Lockheed Missile Systems Division and Westinghouse Electric Corp., the
prime contractors, preferred the bare-missile approach. According to Bowen,
it was believed that opting for the bare-missile approach would shorten the
time required to make Polaris operational. SPO Technical Director Captain
Levering Smith also opposed the capsule system because “I wanted to have not
only the ability to launch surfaced at sea but also surfaced in port or in water
too shallow to submerge.”"”

One serious accident marred the capsule-launch program. An assembled
capsule was attached to the side of a work barge at San Clemente Island when
USS Butternut (AN-9, a tow ship assigned to NOTS) approached. The ship
had its radars operating and the radio frequency (RF) energy caused the rocket
motor inside the capsule to fire, nearly swamping the barge and badly burning
two workers. As Bowen recalled:

It turns out that prior to that time there had been a number of rocket motor
firings, accidental firings onboard ship. As I understand it, it was always
attributed to sailor error. No one knew about the radar problem at that time
but as a result of this and the investigations on this accident, we started the
first RadHaz [Radiation Frequency Hazards] program, which became a very
important thing for the Navy.'®

Several options were available for bare missile launch. “One choice would
be to fire rocket motors in the submarine to project it out. Well, that leads to
all kinds of consternation,” said Bowen. So the Station’s Polaris launch team
conducted “research and development on compressed air techniques and gas
generator techniques to create a motive force of firing through the water and
into the air at sufficient velocity so you can then light off the rocket motor.”"

Aside from early model tests in the swimming pool at China Lake’s Naval
Air Facility, most of the testing took place at San Clemente Island, beginning

16 Major Accomplishments, 67.

17 §-177, Levering Smith interview, 15 June 1989, 41.

18 S-304, Jim Bowen interview, 23 Feb and 2 March 2010, 7. NOTS Hazards of
Electromagnetic Radiation to Ordnance (HERO) Program was merged with the Navy’s
RadHaz Program in 1958, and the Station was assigned responsibility for solving radiation
and ordnance problems for several major weapon systems, including Zuni and Sidewinder.
19 S-175, Bowen interview, 14.
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late in 1957. The test program, dubbed Operation Pop-Up, was based at a
launch facility on the island. Construction of the facility and conduct of the
test program was carried out by NOTS’ Pasadena Annex, under the direction
of Douglas J. “Doug” Wilcox, head of the Underwater Ordnance Department,
and DeVirl A. “Bud” Kunz, Polaris project manager for NOTS. Sixteen

successful launches were made at the new facility in 1958.%

Ocean testing the Polaris launch system posed unique challenges. There were
no precedents for such specialized pieces of test equipment as the Submerged
Tactical Launcher Facility (Pop-Up Facility). In developing the facility, which
was located at Wilson Cove on San Clemente Island, NOTS engineers fired
hundreds of redwood logs and then steel cylinders filled with concrete before
actual dummy Polaris missiles were attempted.?!

By April 1960 the first pop-up tests using a Lockheed-designed Launch and
Training Vehicle (LTV) nicknamed Dolphin were under way at San Clemente
Island.??

In August 1959 the Pasadena Annex had completed construction of the
Variable Atmosphere Tank (VAT) for characterizing cavitation (partial vacuums
formed in a liquid by the passage of a solid body) of Polaris models. The highly
instrumented 41-foot-tall pressure tank was enclosed in a light-tight room and
used ultraviolet radiation and continuous filtration to eliminate algae in the
water. Engineers could control atmospheric pressure and launching pressure.
Crossflow was simulated by lateral motion of the launch tube, and the missile
models were caught by a fallback net. By summer 1963 VAT had logged more

than 800 launches, many in support of the Polaris development program.?

NOTS Pasadena personnel proved ready for every new challenge the
program brought, and Operation Pop-Up maintained an already accelerated
schedule. Ingenuity was the order of the day as SPO continually presented
new test requirements. For example, to simulate the heavy seas that a Polaris
submarine would face in the operational environment, Navy heavy cruisers
would run close in-shore at top speed, generating 8-foot waves at the facility.*

The most novel piece of test equipment used in Operation Pop-Up was
the Fishhook barge, which became operational in April 1959. Like so many
systems that bore the NOTS touch, Fishhook was elegant in its simplicity. Its

20 Technical Program Review 1958, 110 ff.

21 NOSC TD 1940, Fifty Years of Research and Development on Point Loma 1940—1990,
Naval Ocean Systems Center, San Diego, Sept 1990, 54.

22 Rocketeer, 1 April 1960, 1.

23 NOTS Command History 1959, 105 Rocketeer, 30 Aug 1963, 10.

24 Rocketeer, 10 April 1964, 6.
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Three stages of Polaris firing on Fishhook barge, San Clemente Island, 29 May 1959.

industrial demeanor belied its highly technical function. Fishhook measured
186 feet from water surface to cranetop.

For a test, Fishhook would be floated so that the tip of the crane arm was
directly above the dummy test missile, resting in its launcher 50 feet or more
below the surface. A sturdy line ran from the tip of the missile up to the top of
the crane and then to a servo motor on the Fishhook barge.

When the missile was launched with compressed air, it would shoot up
through the water and then pop up to about 100 feet above the surface. The
servo motor would take up the slack in the line as the missile flew upward and
would then snub the line just as the missile reached zero velocity at the apex of
its flight. The fragile and expensive missile could then be lowered gently to the
surface for refurbishment in anticipation of another test.”’

In a congratulatory message after a successful April 1959 demonstration of
Fishhook, Rear Admiral P. D. Stroop, Chief of BuOrd, wrote that:

. many bystanders stated that “The fishook barge monstrosity can't float
and won't work.” . . .This floating monument of the impossible will expedite

25 The Fishhook barge had its origin, ironically, with a WWII adversary. The “German
Crane,” as it was known was originally used to lift U-boats out of the water.

112



Chapter 3. Back to Basics

and assist the Polaris development with resultant savings of many millions of
dollars.?

Tests of the 28-foot-long thin-skinned dummy Polaris ballistic missiles were
complex and expensive, and recording and instrumenting subsurface and in-
flight events was tricky in the open-ocean environment. NOTS instrumentation
engineers worked closely with the Polaris contracting team to ensure that the
maximum amount of data was wrung from each test.

Polaris launch, Wilson Cove, San Clemente Island, 14 April 1960.

26 Chief, BuOrd, Msg. 272036Z, NOTS Station Journal, 1 April-30 April 1959, 16.

113



The Station Comes of Age

Operation Pop-Up culminated in a spectacular launch with a live rocket
motor at San Clemente Island on 14 April 1960, witnessed by more than 80
members of the media.

In an article entitled “Polaris Launching Makes Headlines Coast to Coast,”
the Rocketeer reported that:

. . the 28-foot bottle-shaped missile hurtled from the ocean’s depths and
zoomed up to 1800 feet. Then, its 5 seconds of solid fuel expended, the missile
arched gracefully to a splash landing about 500 feet from its launch point.”

Demonstrating the transition from underwater launch to controlled
powered flight was a major milestone in Polaris development. Less than three
months later, USS George Washington (SSB(N)-598) made the first launch
of Polaris from a submerged submarine. As one China Lake engineer noted,
“They fired them from underwater, and that shook up every admiral around
the world. The U.S. now had the capability of firing missiles from a submarine
underwater. My God, they could be right next to your shore!”*

Polaris testing continued at San Clemente Island. The Pasadena Annex
designed and installed the Variable Depth Launch Facility (including telescoping
camera towers equipped with a dozen high-speed underwater cameras and
television cameras) in the summer of 1961. Built for less than a million dollars,
the 120,000-pound launch tower was set in place by ships that were moored
to previously installed 20-inch piles to minimize the ships’ movement and
ensure precision placement of the facility components. With the new facility,
Polaris could be launched from depths more representational of its intended
operational environment.?

In 1963 an underwater translator launcher was built at San Clemente
Island, adding the capability to launch Polaris at horizontal velocities. The
translator structure alone, sans launcher, weighed 90 tons. Installation was
handled by NOTS divers—professional Navy underwater construction divers
from the NOTS Diving Division, not cross-trained engineers—who made
724 SCUBA dives plus 80 dives in full 190-pound deep-sea hard-hat suits, at
depths of over 150 feet, in the course of the 47-day project.*

More than 100 tests over a 4-year period demonstrated the integrity of the
Polaris launching system. In a ceremony at Pasadena in April 1964, Captain
J. ]J. Hammerstone, representing the Director of Special Projects, presented a

27 Rocketeer, 22 April 1960, 1.

28 S-248, Richard J. DeMarco interview, 22 and 28 May 2008, 30.
29 Rocketeer, 28 July 1961, 1.

30 Rocketeer, 13 Dec 1963, 1, 4.
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Polaris submarine flag to the Pasadena employees who had worked on Polaris.
Captain Grady H. Lowe, Officer in Charge, NOTS Pasadena, accepted the
honor. “This flag represents a badge of membership in a unique and vital team
dedicated to defense of our country and preservation of peace,” Hammerstone
told more than 100 employees at the ceremony.”!

While NOTS Pasadena concentrated on the underwater launch testing,
NOTS China Lake was making other contributions to the Polaris program.
As early as 1958, China Lake had been called in to assist when problems
developed for Aerojet-General, the Polaris solid-propellant motor contractor.
Propellant mixers at the contractor’s facility were exploding during mixing of
the polyurethane propellant.

The Propulsion Development Department set up a program led by
Tom Hayes to produce the solid-propellant motors at China Lake. The task
of designing the facility was assigned to Richard J. DeMarco, a mechanical
engineer who had come to China Lake after graduating from the University
of Illinois in 1954. DeMarco’s facility incorporated an underground chamber
for vacuum-pouring the propellants into the motor cases, a vibration unit for
properly settling the mix, and heating elements to cure the propellant. The

finished motor would be extracted by means of a gantry crane.?

Over time, China Lake developed process controls that resolved the Aerojet-
General production problem. As part of the propellant evaluation program, the
Station also studied burning-rate, cook-off characteristics, accelerated curing,
and the deflagration-to-detonation (“burn to bang”) transition.*

In a separate project, China Lake investigated the attenuation of radio-
frequency signals in the exhaust plume of the Polaris rocket motor. This was
necessary, explained propulsion engineer Ray Miller, “so that system designers
could tell what signals they might be able to send to the missile during flight.”3*

In 1960 Dr. Joseph I. Bujes, China Lake’s resident radiological testing
expert (who had studied under Dr. Wilhelm Roentgen, the discoverer of X-rays),
set up a facility for nondestructive testing of Polaris first- and second-stage
propulsion units. Because the cost of X-ray pictures in the Station’s 25-million-
volt betatron was, according to the Rocketeer, “extremely high (about $1,300 to
X-ray first-stage Polaris),” Bujes developed a unique method using ion chambers

31 Rocketeer, 10 April 1964, 6.

32 The facility is still in use today producing motors for current missile systems.

33 Technical Program Review 1958, 94 fI. Solving process-control issues was one of the
reasons that pilot plants had been built at China Lake in the 1940s.

34 S-262, Miller interview, 8, 9. Miller spent the last 25 years of his 34-year career at
China Lake as head of the Propulsion Systems Division. He retired in 1990.
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or scintillators that resulted in a $1,000 savings per first stage or an estimated
$1.5 million for the Navy Polaris and Air Force Minuteman programs.*

As the Polaris program gathered momentum and the Navy began to build
its Polaris-equipped fleet (40 ballistic missile submarines (SSBNs), each carrying
16 Polaris missiles, would be launched between 1960 and 1966), the need for
a systematized test program for Polaris rocket motors became apparent. China
Lake was selected as site of the Navy’s largest and most completely instrumented
propulsion static-test installation for all-up testing of developmental and
production motors.

Construction of Skytop began in 1958 under the leadership of Edwin
G. Swann, Jr., head of the Medium Range Missile Branch in the Weapons
Development Department. DeMarco designed the facility, and Ralph M.
Parsons Co. of Los Angeles constructed it. The project was completed in
November 1959 at a cost of $650,000.

Bay 1, where the first firing of a Polaris motor took place in February
1959, could accommodate rockets with an average thrust of a million pounds
and a peak thrust of 10 million pounds. At 35 feet long and 30 feet wide,
the test bay accommodated motors up to 6 feet in diameter and weighing
up to 100,000 pounds. Support structures included the Preparation and
Conditioning Building (where motors could be conditioned in temperatures
from +70°F to +110°F) and, a quarter mile away from the firing bay, the Fire
Control and Instrumentation Building, where the 40 channels of test data
initially obtainable during a firing were later expanded to 200 channels. All the
structures were massive, built of reinforced concrete and covered with earth. By
the end of 1961, 20 full-scale Polaris motors, both first and second stages, had
been fired at Skytop.?

Even with Skytop I on line, the demand for full-scale test facilities still
exceeded capability. In June 1960 construction began on Skytop II, which gave
the Navy the capability to test a giant motor in a nozzle-down orientation
and under simulated high-altitude (up to 100,000 feet) conditions. The initial
firing at Skytop II took place in November 1961, with the successful test of a
Polaris second-stage motor.>”

Still more was needed. Construction began on Skytop III in July 1960 for
high-hazard testing of the big motors, including test of those suspected of being

35 Rocketeer, 23 Sept 1960, 1, 4. Many years later China Lake’s Jon Rogerson would
develop a facility capable of X-raying full-size rocket motors (up to the size of the Space
Shuttle boosters) during static firing.

36 NOTS Command History 1959, 7-8; NOTS Command History 1961, 9.

37 NOTS Command History 1961, 10.
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Skytop static firing test of large composite-propellant motor.

defective. Early tests included firing a .30-caliber armor-piercing round into
a Jupiter Junior rocket motor and testing a Polaris motor flight-termination
device (to be used to destroy a missile if something went awry during flight).

By the time the Skytop Complex was dedicated in November 1961, the
Navy had invested $2 million in the facility. In his remarks at the dedication,
NOTS Commander Captain Charles Blenman, Jr., praised the Propulsion
Development Department, which had spearheaded the Skytop construction
effort, as well as groups in the Test, Engineering, Supply, and Public Works
Departments. He added that:

The Skytop Facility provides the Station not only with an excellent ballistic
performance evaluation capability but also with the capability for testing the
performance of thrust-vectoring systems of the Polaris weapon.’®

In 1962 China Lake would construct a microwave link between Skytop and
the IBM 7090 mainframe computer in Michelson Laboratory, thus allowing
the 7090 to perform high-speed, real-time control of test firings at Skytop.?’

The “thrust-vectoring systems” to which Blenman alluded in his dedication
speech at Skytop were another important China Lake contribution to the Navy’s
strategic capability. When the Special Projects Office requested in 1960 that
NOTS attain a vertical testing capability, it was “to be used for testing Polaris
A-3 thrust-vector-control schemes under development by several agencies.”*

38 Rocketeer, 24 Nov 1961, 1.
39 NOTS Command History 1962, 11.
40 NOTS Command History 1961, 9.
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The Polaris A-3, which started development in 1960, was the third and final
generation of Polaris. The original jetavator system for thrust-vector control (a
solid surface that moved within the propulsion stream to control steering) of
the A-1’s second stage had been replaced in the A-2 with rotatable nozzles.
Something new was needed to withstand the more powerful propellants and
the increased thrust temperatures in the A-3 motors.

NOTS began development of a Freon fluid-injection system for the A-3
in 1961. The idea was that injecting Freon 114-B2, a very dense liquid, into
the rocket exhaust, would create shock waves to redirect the exhaust and thus
give directional control of the rocket. This could be accomplished at a weight
savings over the rotatable-nozzle system and with less vulnerability to high
velocity, high-temperature gas flow than a jet-vane system. Although Lockheed
had been working toward that goal (with a far larger budget), it had not made
the progress expected by the Special Projects Office.

In thrust-vector-control development, SPO borrowed a page from
McLean’s playbook. He liked to employ a management technique that came to
be known as “the carrot and the needle.” LIFE magazine described this “unique
incentive system” in a 1967 article about McLean:

On the one hand he will launch an expertly organized, well-funded program
complete with a time schedule . . . At the same time he selects a smaller
creative team whose goal is to beat the larger group to a solution—on about
10 percent of the first team’s budget.*!

McLean articulated the idea in a speech to the National Advanced-
Technology Management Conference, Seattle, Washington, in September 1962:

In essence, my proposal for the management of military programs is to attack
each objective with both a large program, which will provide a safe, scheduled
and well funded route toward the objectives, and a more risky venture funded
at 10 percent of the cost where we can try out the talents of our creative
designers without forcing them to risk the political safety of the nation while
they are taking chances.*?

In developing the A-3 thrust-vector control, it was the SPO that used the
carrot-and-needle technique, and China Lake was the needle. According to Jim
Bowen, who was head of the Astro-Propulsion Branch in Code 45 during the
development process:

41 “The Navy’s Top Handyman,” LIFE, 6 Jan 1967, 31.

42 RM-24, Collected Speeches of McLean, 30. McLean added “If such a management tool
is ever accepted, I personally hope that I can always find an opportunity to work on the 10
percentend . ...
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Lockheed was charged with implementing fluid injection thrust-vector
control, and they were dragging their feet, so [SPO] says, “OK, China Lake,
do it yourself, build the complete system.” In six months we built the complete
system, and conducted a static firing at Skytop, and demonstrated the whole
damn thing successfully.®

A significant firing on 29 September 1961 successfully demonstrated a
NOTS-developed fluid-injection thrust-vectoring system.* China Lake also
assisted the Polaris program with drop testing of the re-entry bodies. To check
the functioning of the target-detecting device (TDD), Polaris re-entry bodies
were dropped from an AD-5 aircraft at altitudes between 10,000 and 12,000
feet. The TDD output was connected to flashbulbs on the exterior of the body,
and the TDD function—which in operational use would detonate the nuclear
warhead—was observed visually and photographed.®

Deterrence and Other Nuclear Studies

Not all of NOTS’ strategic-weapons-related work in the early 1960s
involved design or testing. Various studies were conducted, including an
investigation of torpedo-tube size missiles. This work resulted in a report by
James T. Bartling of the Pasadena Annex, “Submarine Nuclear Bombardment
Weapons of Torpedo Size.” The studies indicated feasibility of a such a weapon
with a range of about 900 nautical miles.%

Project Michelson, which Code 12 began in 1960 and continued through
1965, was an outgrowth of the earlier Mercury and Atlantis studies. Whereas
Mercury and Atlantis had dealt with vulnerabilities and damage effects,
Michelson took a more academic, big-picture view of the concept of deterrence.

“Project Michelson grew out of the NOTS work on Polaris,” explained
Dr. Robert Rowntree, who was hired by Code 12 out of graduate school to be
a consultant for Project Michelson and then remained at China Lake for 28
years. He continued:

Bill McLean became interested in the ideas of deterrence and what would
make deterrence work. He concluded, correctly, that we did not know much
about what really influenced national decision makers, particularly those
in foreign countries like Russia and China who we wanted to deter. There
wasn't much scholarly literature on what influenced these guys™ decisions and

43 S-175, Bowen interview, 66. The demonstration was done as part of NOTS” Guided
Flight Vehicle program.

44 NOTS Command History 1961, 9.

45 NOTS Tech History 1961, 222.

46 Research Board minutes, 9 Aug 1960; NOTS Tech History 1960, 6.
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particularly what kind of possible military capabilities might influence them.
Project Michelson was set up . . . to undertake a rather expensive program of
scholarly research in what influenced foreign decision makers and particularly
what characteristics of military programs might influence them.?’

More than 50 studies were conducted and documented by universities
around the country and included contributions by such intellectual giants
as Dr. Ithiel de Sola Pool, founder and chair of the MIT Political Science
Department. The flavor of the writings is distressingly academic—in an essay
titled “Design for the Study of Deterrence,” Project Michelson Director Tom
Milburn wrote:

“Design for the Study of Deterrence” explicates a heuristic model of strategic
deterrence seen as hardware-related influence attempts upon certain kinds of
choices (those related to a war-peace continuum) of to-be-deterred decision-
makers in a multilateral deterrence situation.*®

Milburn’s Behavioral Sciences Group (Code 014) established the analytical
framework for the project. Individual studies were grouped in terms of
variables—independent, situational, structural, perceptual, etc.—and bore
such titles as “A Comparison of the Values of Soviet and American Elites,”
“Factor Analysis of Concepts of Stability and Deterrence in Soviet Writings,”
and “Empirical Foundations of Deterrence Propositions.” Participants focused
on the period 1965 through 1980. According to the group, “The concept of
military deterrence developed in Project Michelson is connectable to more

general psychological data on motivation, learning, and communication.”®

“Through Project Michelson,” wrote Harlan K. Ullman, “the academic
community was challenged and commissioned to examine the fundamental
questions of war and peace in the Nuclear Age.”°

If Project Michelson was ever successful in integrating the various studies
into a usable tool for military and political decision makers, and if so, whether
that tool was ever exercised, and if further so, with what results, evidence was not
found in researching this book. The project’s preliminary report in 1963 states in
its introduction that “Program results have already been used by American policy-

47 S-176, Robert and Esther Rowntree interview, 7 and 21 June 1989, 26.

48 Higgs and Weinland, Project Michelson Preliminary Report, 69.

49 NOTS Tech History 1964, 3-8.

50 Richard L. Kugler and Ellen L. Frost, Ed., The Global Century, Globalization and National
Security, Vol. 1, Part III, Chap. 22, “Influencing Events Ashore,” 494, http:/fwww.ndu.edu/
inss/books/Books_2001/Global_percent20Century_percent20-percent20fune_percent202001/
C22Ullma.pdf, accessed 10 Sept 2009. Ullman is known as the co-developer with James P
Woade of the Doctrine of Shock and Awe.
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makers as a basis for choices among weapon systems,” but additional information
is not forthcoming, perhaps because of the classification levels involved.’!

[tis noteworthy, however, thatin 1965 the sponsorship of Project Michelson
was transferred from the Navy Special Projects Office to the Office of the Chief
of Naval Operations (OPNAYV). By that time, approximately 150 study reports
had been completed through Project Michelson. OPNAV began a new strategic
study program, including all five specific Project Michelson studies that NOTS
had recommended for extension.>?

The Navy’s strategic nuclear program was running all-ahead-full in the
early and mid 1960s. Polaris would be replaced with Poseidon and Trident in
the late 1960s and 1970s, and NOTS would continue to support and assist
these weapon systems, particularly in the area of propulsion and testing.

Though nuclear programs would play a smaller part of NOTS work in
later years, the Station would maintain a level of expertise. In 1964, under the
direction of Nick Schneider, China Lake completed a survey of current and
projected (1970) technology of gyroscopes, accelerometers, inertial platforms,
and airborne digital computers for advanced sea-based deterrent systems.>?

Seek-Bang nuclear Walleye on Air Force F-4 aircraft.

51 Higgs and Weinland, Project Michelson Preliminary Report, 1.

52 Dickinson, Glossary of Project Titles, 50; NOTS Tech History 1965, NOTS TP 4001,
April 1966, 3—11. The five programs were Analysis of European Elite, Chinese Communist
Value, The Chinese Communist Operational Code, Chinese Communist Risk-Taking, and
The Decision to Attack Pearl Harbor.

53 Dickinson, Glossary of Project Titles, 4.

121



The Station Comes of Age

NOTS also developed the BDU-20C and -24C nuclear weapon simulators
to assess the effectiveness of B-57 weapon-loading crews and pilots. SM-2(N),
the nuclear version of the Standard Missile Type 2, would rely on China Lake for
fuzing and flight-termination systems. In the late 1960s and early 1970s, China
Lake would join with the Air Force in the Seek-Bang Program, which developed
a nuclear Walleye that used a China Lake-designed and -developed data link.>*

Conventional Weapons

Even in the face of the nation’s overwhelming dependence on nuclear
weapons as the massive-retaliation cornerstone of defense policy, a body of
evidence was growing throughout the 1950s and into the 1960s that indicated
a new kind of war developing in the world, a type of conflict for which nuclear
weapons might not be the most effective. Historian and political scientist
Bernard B. Fall examined the concept of “small wars” (also known as limited
wars or small-scale conflicts):

If we look at the 20th Century alone, we are now in Viet-Nam faced with
the forty-eighth “small war.” Let me just cite a few: Algeria, Angola, Arabia,
Burma, Cameroons, China, Colombia, Cuba, East Germany, France,
Haiti, Hungary, Indochina, Indonesia, Kashmir, Laos, Morocco, Mongolia,
Nagaland [an Indian state on the Burmese border], Palestine, Yemen, Poland,
South Africa, South Tyrol, Tibet, Yugoslavia, Venezuela, West Irian [West
Papua, New Guinea], etc. . . . if a survey were made of the number of people
involved, or killed, in these 48 small wars it would be found that these wars, in
toto, involved as many people as either one of the two world wars, and caused
as many casualties.”

Some U.S. leaders believed that relying exclusively on atomic weaponry
for the nation’s defense—whether strategic or tactical—was not the prudent
or practical course. One of these was General Maxwell D. Taylor, Eisenhower’s
Army Chief of Staff, who became convinced that dealing with the various levels
of conflict in the world would require a multi-tooled, flexible approach. In
1959 General Taylor retired from active service and wrote a book, 7he Uncertain
Trumpet, in which he articulated this political/military position. The following
year he spoke to the University Club in New York City and summarized his
view on the issue of nuclear and conventional forces:

Should we concern ourselves exclusively or almost so over the waging of
general atomic warfare with missiles and bombers carrying megaton weapons

54 Major Accomplishments, 54.

55 Bernard B. Fall, “The Theory and Practice of Insurgency and Counterinsurgency,”
Naval War College Review, April 1965, reprinted in Naval War College Review, Winter 1998,
hitp:/fwww.au.af- millauw/awclawcgate/navylart5-w98. htm#author, accessed 7 July 2008.
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of indiscriminate destruction? If you answer yes, then you become a proponent
of a strategy of Massive Retaliation. But in a period when the USSR has
similar weapons of great destruction, should we not give equal attention to
the requirements of so-called limited war to which the megaton weapons have
no application? If you accept this view, then you are inclining to a strategy of
Flexible Response and to a repudiation of Massive Retaliation . . . .¢

Taylor’s book caught John E Kennedy’s attention, and in the Presidential
campaign of 1960 it helped Kennedy coalesce his defense policy around the
“flexible response” model. At a campaign speech in September 1960, he spoke
of Eisenhower’s policy of massive retaliation, saying that the people of the world
“are not interested in a fire department that can put out a fire only by blowing
up their house.”” In 1961 Kennedy recalled Taylor to active service to become
the President’s chief military advisor and, in 1962, Chairman of the Joint Chiefs

of Staff.

While Taylor strode large on the national stage, others within the
military R&D community were also advocating a second look at the merits of
conventional weapons. McLean was among this group. Although he supported
the Station’s continuing work on nuclear weapons, he spoke often of the need
for a broad range of weaponry that would be suited for the political situations as
well as the specific targets that might face military planners. Korea, he believed,
had shown that a protracted conflict could be engaged in without resorting to
nuclear weapons. “My personal philosophy,” he once said, “is that there is no
stopping point after you start using nuclear weapons.”®

Propulsion Development Department Head Francis M. “Frank” Fulton
asked the rhetorical question “Can it be that the great weapons forged from the
most advanced of man’s technology to preserve a bastion America are almost
useless in dealing with these local, internal conflicts?”>

Times were tough in the conventional weapons business. Vice Admiral
William J. Moran, who was a lieutenant commander and the assistant
experimental officer at NOTS in the mid 1950s, recalled that:

56 Gen. Maxwell D. Taylor, USA (Ret.), “A More Certain Trumpet,” summary of remarks
at University Club, New York City, March 12, 1960. National Defense University, Ft.
McNair, Washington DC, hetp:/fwww.ndu.edullibrary/taylor/mdt-0125.pdf; accessed 9 Sept
2009.

57 Sen. John E Kennedy, excerpts from a speech at Civic Auditorium, Portland, OR,
7 Sept 1960. The American Presidency Project, http://www.presidency.ucsb.edu/ws/index.
phpipid=25678, accessed 16 Sept 2009.

58 S-97, Dr. William B. McLean interview, July 1975, 30.

59 Francis M. Fulton, Limited War Weapons for Indigenous Forces and Covert Operations, TS
61-134, NOTS, May 1961, 2.

123



The Station Comes of Age

... we got down to the point where the conventional warhead office decided to
close up shop. It had gotten down to about two guys, and there was no money,
no conventional warhead of any kind working. I took some alarm at that and
went over and talked to Admiral Ashworth [then a captain and the NOTS
Commander]. . . He ended up getting some money from BuOrd, enough
to keep a couple of guys in the office, keep the files open and somebody
answering the phone, and staying in touch with all of the other activities in
the Department of Defense that were working with warheads.*

In 1955 NOTS developed a variety of proposals for new weapons of limited
warfare, and over the next 2 years McLean, Ashworth, and other China Lakers
peddled the ideas in Washington.®!

Phil Arnold recalled that when he joined NOTS in 1955, “China Lake was
up to its ears in nuclear weapon development or concept development; e.g.,
BOAR, Elsie, and Diamondback.” Shortly after his arrival, however:

I attended a presentation by someone from the [Weapons Planning] Group
commenting on the Navy’s system-acquisition agenda. The presentation was
highly critical of the focus in weapons development at the time, on weapons
employing tactical nuclear warheads. Everything had a nuke in its belly—air-
to-air missiles, air-to-surface weapons, depth charges, you name it, it had to
have a nuke. As a newbie just out of college, I was impressed that someone
from China Lake was thinking about national policy rather than the nuts
and bolts engineering I was seeing every day. As it turned out, by 1960 the
national leadership came to the same conclusion.®

Through the last half of the 1950s, weapons development and acquisition
leaders were beginning to turn away from nuclear weaponry and toward the
development of conventional weapons. The arguments made by Taylor, Gavin,
Ashworth, McLean, Knemeyer, and others—that conventional weapons would
give the nation a flexible response option in limited war—gained traction.
The trend became stronger as the 1950s rolled into the 1960s, the Eisenhower
administration was replaced by the Kennedy administration, and the rumbles
of conflict in Southeast Asia grew louder.

Even Eisenhower’s Secretary of Defense Thomas Gates, in his final month
in office before turning over the DOD helm to Robert S. McNamara in
January 1961, allowed that one of the two principal defense objectives for the

60 S-187, Vice Adm. William J. Moran interview, 5 Dec 1990, 5. Moran was a Navy
fighter pilot in WWII; he was aboard the USS Horner (CV-8) when it was sunk at Santa
Cruz. He served two tours at China Lake in the 1950s before returning as Commander
from 1970 to 1972. He retired from the Navy at the rank of vice admiral in 1975 as
Director of Research, Development, Test, and Evaluation.

61 Babcock, Magnificent Mavericks, 377-378.

62 S-275, Arnold interview, 65.
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nation was “to maintain, together with our allies, a capability to apply to local
situations the degree of force necessary to deter local wars, or to win or contain
them promptly if they do break out.”®

In January 1958 the Navy—seemingly content that its piece of the nuclear
pie and the commensurately large share of the defense budget would be secured
by the Polaris system and its successors—released a statement of long-term
objectives for the 1970s. In the document, the Navy proposed that carrier
forces be tailored “for limited war, to be the nation’s primary cutting tool for
that purpose.”®

July 1958 brought a letter from the Office of the Chief of Naval Operations
forwarding Operational Requirement No. CA-13501 for the development of
free-fall conventional ordnance for use with modern high-performance attack
aircraft. That fall China Lake’s Advisory Board met at the Station for 3 days.
The six-member board that year included among its distinguished members
Dr. Charles C. Lauritsen, head of Caltech’s Kellogg Radiation Laboratory and
the man who had both discovered the site for NOTS and run its wartime
rocket programs for Caltech; Dr. Kenneth S. Pitzer, former Director of
Research for the Atomic Energy Commission and later president of both Rice
and Stanford Universities; and Dr. William Shockley, who 2 years previously
had won the Nobel Prize as co-inventor of the transistor. Among the board’s
recommendations was a strong statement of support:

The Board commends the Station for the emphasis being given to weapons
useful in limited war and for its recognition of the importance of non-nuclear
as well as nuclear warheads for various weapons systems, including the need of
greater accuracy of delivery when non-nuclear warheads are employed.

The board’s primary recommendation in November 1958, one that it
considered “of overriding importance not only to the Station and the Bureau
of Ordnance but to the entire Navy Department,” was the need for “getting
adequate weapons into the ordnance system of this country.” The board believed
the Station to be “uniquely equipped to do some of the major exploratory
work necessary for the selection of a few best approaches to hardware elements”
and added that “those setting the direction of this center’s work [presumably
including leaders not only of the Station but also of BuOrd, whose Commander,

63 Official Biography of Thomas S. Gates, hup:/fwww.defenselink.millspecials/secdef”
histories/bios/gates.htm, accessed 15 Oct 2009.

64 Col. Alfred F. Hurley, USAF, and Maj. Robert C. Ehrhart, USAE eds., “American
Postwar Air Doctrine and Organization: The Navy Experience, in Air Power and Warfare,”
Proceedings of the 8" Military History Symposium, U.S. Air Force Academy, 18-20 Oct
1978, 269.
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Rear Admiral P. D. Stroop, was in attendance at the meetings] should frankly
recognize the urgent need for making this class of work its primary mission.”®

Not an organization to waste time, NOTS submitted a preliminary
Technical Development Plan for non-nuclear free-fall ordnance in January
1959. The TDP outlined a general weapons R&D program but did not

delineate specific weapons to be developed.

When James H. Wakelin, Assistant Secretary of the Navy for Research and
Development, visited NOTS in October 1959, McLean expressed his belief
that:

We can . . . expect a continuing series of international situations in which the
United States will be faced with the choice of yielding to pressure, resisting
with conventional weapons, or initiating the use of nuclear attack. We would
like to assume that the United States will resist these pressures by the use of
conventional weapons.

McLean went on to point out specific areas of needed improvement in
conventional weaponry, including the need for “weapons for air-to-ground
attack which are capable of being released from our existing aircraft. These
weapons are needed to destroy tanks, troops, and supplies. For this purpose,

the Bureau of Ordnance has initiated a program at the Station for the study of

free-fall weapons.”®

China Lake under McLean’s leadership was determined to be the source
for as many of the limited-war conventional weapons as possible. As Frank
Knemeyer recalled:

. we recognized that the Navy was deeply involved in the application of
the development of nuclear weapons; we recognized that the pendulum had
to swing the other way and it would in due time. Therefore, projecting this,
we got busy to see what we ought to do about conventional air-delivered
weapons. Hence, we got a head start on everybody. So when the recognition
finally came, we were prepared with the kind of weapons that needed to be
worked on.

... I think that is a key to what the Center has done in just about everything;
that with our association with the Fleet, our understanding of what the Navy
should be doing, we project ideas and initiate them and eventually we are able
to get a lot of them sold to the Navy. Ninety percent of the weapons that we
have developed, been responsible for the development of here, were initiated
here, they were not something that was asked of us from outside.®”

65 Advisory Board recommendations, Nov 1958, 4.

66 “Comments on Trends in Weapons Requirements,” 2 Oct 1959, RM-24, Collected
Speeches of McLean, 135.

67 S-124, Franklin H. Knemeyer interview, 3 June 1981, 10.
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Lillian Regelson came to China Lake in 1951 with her husband Raim
(Ephraim). Raim was a meteorologist by profession but would eventually
become one of China Lake’s top specialists in the infrared spectrum and its
military applications. Lillian was not typical of the China Lake civilian wives
of that era, most of whom did not join the Station’s professional workforce.
Lillian—a Phi Beta Kappa with a BA in mathematics from Hunter College, an
MA in mathematics from UCLA, and experience as an analyst with Hughes
Aircraft—took a job with the Aviation Ordnance Department, and by 1954 she
was head of the Computer Branch, developing the Mk 8 Fire Control System.
(“Lillian owned the Mk 8 Fire Control System,” recalled Frank Cartwright.)
In 1957 she transferred to Code 12 where she later became the associate for
weapons analysis.®

Regelson later commented on the free-fall weapons study that McLean
had mentioned to Secretary Wakelin. Assigned to Dr. Pauline Rolf, who held
a doctorate in physics from Bryn Mawr and was a noted physicist listed in
American Men of Science, Regelson recalled that:

Pauline asked me to take a look at what was known about air-launched
conventional weapons. I couldnt find anything after a report written right
after World War II by a group which surveyed the effects of weapons dropped
on Europe during the war.

Regelson traveled to Rand Corp., which was doing research work for the
Air Force. “They told me that there was nothing being done because all future
wars would be fought with nuclear weapons.” She then plowed into the WWII
data.

I spent about a year reading everything I could find, organizing and analyzing
the data, incorporating what I knew about accuracy, and writing up the results.”
She recalled that in about 1958 “an engineer in the Bureau of Ordnance sent
us some money to write a report describing as many ideas for new air-launched
non-nuclear weapons as we could find.®

68 S-194, W. E. “Frank” Cartwright interview, 28 Aug 1991, 36; Rocketeer, 28 Sept 1962,
5. In June 1964 Regelson would be appointed as the first special assistant to the Technical
Director. “The reason we went to NOTS is that I couldnt get a professional job in the L.A.
area because 'm a woman. At that time it was legal for companies to tell women that they
didn’t hire women for professional jobs. Raim wanted me to have an opportunity to get
interesting work; even though he could get a job many places, we went to NOTS to give
me a chance,” she said in an email to the author, 21 July 2011.

69 Rocketeer, 19 Feb 1965, 3; Lillian Regelson, emails to the author, 26 Aug 2008-8 July
2009. Rolf, Regelson, Dr. Marguerite M. “Peggy” Rogers, Dr. Marian E. Hills, and Dr.
Jean M. Bennett are generally credited as being “icebreakers” for women in top technical
positions in the China Lake workforce. A 3 Aug 1956 Rocketeer column, “The Distaff
Side,” noted that Rolf, who came to NOTS in 1946, “holds the distinction of being the
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That engineer was George Spangenberg, director of the Evaluation
Division of the Bureau of Aeronautics (which in 1959 was combined with the
Bureau of Ordnance to become the Bureau of Naval Weapons). Ray Powell, a
Marine aviator who served two tours at China Lake, remembered Spangenberg
as “the NAVAIR No. 1 Fighter/Attack Engineer in the Navy for so many years
that I can’t remember.” Spangenberg was known for his willingness to take
on a fight—he worked side by side with former China Laker Vice Admiral
Thomas E Connolly in the late 1960s for cancellation of the F-111B aircraft
and approval of the F-14.7°

In response to Spangenberg’s request, Regelson “discussed this [conventional
weapons] with everyone at NOTS I could think of, added my own ideas, and
wrote the report. . . .” In June 1959, the Weapons Planning Group published
the seminal document that was the foundation for the next decade of free-fall
weapons work. That long-range (10-year) survey of air weapons for research
and development is still classified Secret. Regelson recalled that:

[Spangenberg] was very pleased and said he would incorporate the report into
the budget. He said that if he put the weapons in individually, they would be
deemed too small to include so he put them in as a family, with the ‘eye’ name
identifying them as a group. He made up all the names.

Frank Marquardt, an influential up-and-coming engineer at BuWeps, was
assigned as the Bureau’s project engineer for the new family of weapons. Thus
was born the Eye series.”!

In July 1959 the Free-Fall Weapons Program (the overall program under
which the Eye series was developed) began in the NOTS Weapons Development
Department. By year’s end, the program was reporting progress on Hawkeye,
Bigeye, and Gladeye, and BuWeps had requested feasibility studies of several
additional free-fall weapons.”?

In mid 1959 Knemeyer moved from the Weapons Planning Group to
become assistant head of the Weapons Development Department under Barney

highest salaried woman employed on the Station.” Not until 1998 was a woman, Dr. Karen
Higgins, selected for the position of China Lake Executive Director (formerly Technical
Director).

70 Ray Powell, email to the author, 14 Nov 2008. Another former China Lake Marine
aviator, Lt. Gen. William Fitch, referred to Spangenberg in a 2006 interview as “a genius for
aircraft design” and a “giant in the R&D world.” Spangenberg was one of a small number of
civilians inducted into the exclusive Early and Pioneer Naval Aviators Association (Golden
Eagles). In his official Golden Eagles biography under “Combat Tours” is listed “USN vs.
Office of the Secretary of Defense, 1960—-1973.”

71 Regelson email to the author, 12 Nov 2008.

72 Technical Program Review 1959, 111.
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Smith. By fall 1960, when Smith
left to become Chief Engineer for
the Bureau of Naval Weapons,
Knemeyer took over Code 40.
Meanwhile, approval for funding
of the Eye series was percolating
through the Navy bureaucracy
in the Pentagon, and money for
the new weapons was arriving on
Station.

In September 1960 BuWeps
published a plan for its Free-Fall
Nonnuclear Ordnance RDT&E
Program, a “revision of the initial

Technical Development Plan
submitted in 1959.”73

The document justified the
need for NOTS’ new line of
air-dropped weapons by listing
the shortcomings of those in

the current stockpile—mostly
leftovers from WWII:

Chapter 3. Back to Basics

Franklin H. Knemeyer.

Almost without exception, all of the bomb stockpile represent designs which
are inefficient in terminal effectiveness, incompatible with jet aircraft, of
doubtful ability to withstand ejection forces, dimensionally incompatible for
efficient magazine stowage and handling aboard modern aircraft carriers, and
their current condition is that resulting from years of outdoor storage. The
explosive fillers are TNT or one of the older compositions.

The fuzes are air arming and utilize distances of air travel to provide arming.
Since they are designed for aircraft in the 200-300-knot category, they do
not provide sufficient separation from aircraft on completion of arming at
release speeds of modern jet attack aircraft. Further, they seldom have the
safety feature of out-of-line detonator trains and the pyrotechnic elements
are generally overage and thereby unreliable. Mechanical design of the fuzes
is such that some will not withstand the torque loads imposed by the arming
at high release speeds.

73 Bureau of Naval Weapons, Free-Fall Nonnuclear Ordnance RDTSE Program, 9 Sept
1960. The document also mentions an aerial-emplaced landmine program involving “self-
camouflaging ideas” that was referred to as a Gravel Weapon—perhaps the precursor of
China Lake’s “exploding rocks,” discussed herein in Chapters 5 and 6.
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Having defined the problem, the report then went on to outline the
dimensions of the new free-fall development program, specifically discussing
several of the new “eye” weapons that were already under development at

NOTS.

In alphabetical order, the Eye systems proposed or devised at the Station
over the years were Bigeye, Briteye, Bugeye, Chaffeye, Deadeye, Deneye,
Evileye, Fakeye, Fireye, Gladeye, Hawkeye, Marceye, Misteye, Padeye, Rockeye,
Sadeye, Smokeye, Snakeye, Walleye, and Weteye.

Not all of the Eye series became operational. Some never got past the
feasibility study stage. Others stayed in the Fleet inventory for decades. The
series ranged from cluster weapons (Rockeye, Sadeye) to biological and chemical
weapons (Bigeye, Misteye, Padeye, and Weteye) to flares (Briteye) to a target-
marking system (Marceye). All of them, however, were new approaches to
conventional—as opposed to nuclear—weapons, and all benefited from China
Lake’s combination of Fleet-experienced military personnel working with
scientists and engineers versed in state-of-the-art technologies. Descendents of
some of these weapons would also serve the Fleet under other names: Gator,

for example, and APAM.

In the 1960 revision of the TDD, another major technological shortcoming
was noted that related to the entire program: warhead research for surface
targets. The report commented:

This area has been inadequately supported to the extent that virtually no
significant technological advances have been made during the past many
years. This situation, as indicated earlier, is the result of inadequate planning
coupled with the complacency developed from the emphasis on nuclear
weapons since World War I1.74

Knemeyer set up a Warhead Supporting Research program operating out
of the Weapons Development Department (Code 40) under the leadership of
Bud Sewell. The program would continue for some 16 years, and Sewell would
later serve as head of China Lake’s Warhead Supporting Research Steering

Committee.

As NOTS began to translate the new weapon concepts into reality, Station
management worked to solidify a lead role in Navy conventional weapons
development. In May 1961 Secretary of the Navy John B. Connally Jr. visited
the Station for a whirlwind 4-hour tour. He watched two NOTS-produced
films, “Expanding Frontiers in Ordnance” and “Weapons for Limited War,”

viewed a display of NOTS weaponry, and was briefed by Code 40’s Commander

74 1bid., 2, 17.
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Irving A. Robinson on “Light Attack Aircraft Requirements.” In remarks at the
end of his visit, Connally said, “The marriage of imagination and science with
the hard facts of life are producing here ideas and weapon systems which the
Navy needs and can use.””

Knemeyer set up the Eye series in his department as the Free-Fall Weapons
Program, headed by Roy Compton of the Air-to-Surface Weapons Division’s
Mechanics Branch. The division would grow from two branches in 1960 to four
branches in 1961. Dr. Marguerite M. “Peggy” Rogers, a physicist, was selected in
1962 to lead the division, which grew to seven branches by January 1964.

One of the most successful weapons of the Eye series, Snakeye, was not
strictly speaking a weapon at all. It was instead a retrofit kit that applied to
existing weapons, specifically the large DOD inventory of Mk 81 (250-pound)
and Mk 82 (500-pound) general-purpose bombs. Snakeye addressed a problem
of concern to Navy and Marine pilots who flew close-air support (CAS) for
ground troops. To accurately deliver bombs in close proximity to friendly
forces, an aircraft had to come in low and slow. This increased not only the
susceptibility to enemy ground fire but also the likelihood that fragments from
the bombs would strike the aircraft that delivered them.

Snakeye was not the first solution ever proposed for this problem. In 1942
Lauritsen, who was then Division Vice Chairman in the National Defense
Research Committee, wrote to Chairman Richard C. Tolman, “A hedgehopper
[a pilot who flies very close to the ground] is comparatively safe from attack,
even over a battlefield, but he cannot drop ordinary bombs because the bombs
follow him and blow him up. The vertical bomb on the other hand gives him
time to get away.”

The vertical bomb Lauritsen referred to was launched tail first and fired
a retro-rocket on release from the aircraft. Several tests were conducted and,
according to Lauritsen, “These experiments were entirely successful, the bombs
were stopped in mid-air and dropped vertically like dead ducks.””®

The Snakeye modification was simpler: a folding “dive brake” that would
catch the air and immediately slow the bomb after it was released from the
aircraft so that by the time of ground impact, the aircraft was well away from

75 Rocketeer, 20 May 1961, B-2. Connally was later elected governor of Texas. He was
in the car with President Kennedy and was seriously wounded when the President was
assassinated in Dallas in 1963. Connally also served as Secretary of the Treasury under
President Nixon.

76 Memo, C. C. Lauritsen to R. C. Tolman, 7 July 1942, “Vertical Bombing.” Encl. 3 to
Memo Reg. H-152-67, Code 75201, “Evolution of the Concept of Operating NOTS and
Other Scientific Organizations Within the Military Structure,” May 1967.
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Snakeye drop from A-4 (from data film).

the danger area. An additional benefit is that the retarding fins acted as a “land
anchor,” digging into the ground and reducing the tendency of the weapon to

skip or ricochet.”

Snakeye had a further advantage; the pilot made the final decision before
flight whether or not to use the retarded mode of the weapon. If a mission
was a high-altitude strike, then the retardation feature was not activated and
the weapon followed a normal free-fall ballistic trajectory to its target. If a
last-minute change of missions called for close-air-support operations, the
retardation feature was activated before takeoff. Snakeye was also compatible
with virtually every U.S. attack aircraft without aircraft or launcher retrofit.

Roy Compton, assisted by Anthony J. Simshauser, managed the Snakeye
program within Peggy Rogers’ division. The weapon went into production in
1964. A photograph of the project crew in a 1965 Rocketeer article conveys
the magnitude of the development effort; it includes “engineers, technicians,
ordnancemen, technical assistants and secretaries, loading and scheduling
groups, B-1 range crew, engineering drawings, packaging, inspection, contracts,

supply [personnel], NAF and VX-5 pilots, plane crewmen.”

Dr. Robert Rockwell, early in his 35-year career at China Lake, developed
the ballistic models for Snakeye’s retarded delivery mode.”

77 Rocketeer, 5 March 1965, 1.
78 S-254, Dr. Robert Rockwell interview, 2 July 2008, 13.
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Years later at the height of the Vietnam War, as Navy and Marine attack
pilots supported Marine, Navy, Army, and South Vietnamese ground units,
the radio call for “snakes and nape” frequently crackled over the airways. A
well-executed drop of retarded Snakeye bombs and napalm gelled-gasoline
incendiary canisters, often targeted only a few tens of meters from friendly
forces, determined the outcome of many engagements.

Marine Captain (later Major General) Richard A. Gustafson served at VX-
5 as the project officer for Conventional Weapons Delivery from 1964 to 1967.
The following year he flew 427 combat missions in the Republic of Vietnam
flying the A-4 with Marine Attack Squadron 211. Gustafson characterized
Snakeye as “the weapon of choice for close-air-support missions” in Vietnam
and noted that “NOTS deserves the greatest kudos for its inception.” He added:

The Snakeye was a “don’t fire ’til you see the whites of their eyes” type of
weapon by modern aircraft standards. The retarding fins allowed release as low
as 400 feet above the target in a 10-degree dive, slightly higher for the Mk 82
500-pound version because of its greater fragmentation pattern. The troops
on the ground preferred the Mk 81 250-pound version because we could drop
it closer to them.”

Snakeye was a major success for the Station, but it was only one of the
growing Eye family. Gladeye, for example, was completed in 1962. It carried a
variety of payloads in seven canisters that could be released singly, in sequence,
or in salvo. The canister contents varied from chaff, leaflets, smoke, or CS gas to

Gladeye
canisters
loaded with
Lazy Dog
projectiles,
leaflets, and
munitions.

79 §-269, Maj. Gen. Richard A. Gustafson USMC (Ret.), interview, 13 Sept 2008, 3.
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Lazy Dog projectiles (inert .41-caliber steel projectiles fitted with tiny tailfins)
and Mk 83 butterfly bomblets.

Another weapon that came to be used in large numbers and with great
effectiveness during the 1960s and 1970s was Rockeye, a cluster bomb that
began life under the name Hawkeye in 1959.

A lengthy poem in the Naval Air Facility’s official log book for 1 January
1961, penned by Lieutenant Commander R. P. McArdle, read in part:

We'll keep up on the Hawkeye
or Sadie [Sadeye], say a few.
To name them is a far cry
from what they aim to do.%

What Hawkeye aimed to do was kill tanks—or any other target that got in
its way, ranging from trucks to people. The 96 submunitions contained within
the tubular dispenser were modified 2.75-inch rocket warheads, which led the
developers to soon rename the weapon Rockeye. Rockeye I was an interim
weapon that used a backward-facing Zuni rocket to blow the casing apart and
scatter the submunitions. The design was complicated and, in the words of Ray
Powell, “a disaster.”®!

Rockeye I was soon replaced by Rockeye II. Designed for delivery from
a high-speed jet aircraft, Rockeye II would fall to a predetermined altitude

Hawkeye and partial submunition load.

80 Rocketeer, 20 Jan 1961, 3. The use of clustered warheads to clear a target area was suggested
to China Lake engineers by Frank Marquardt of BuWeps. See Rocketeer, 9 Feb 1973, 1.
81 S-270, Col. Ray Powell, USMC (Ret.), interview, 13 Sept 2008, 41.
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Rockeye II cutaway diagram.

where a linear shaped charge would split the dispenser in two, releasing 247
submunitions, or bomblets. Moyle Braithwaite developed the shaped charge
for the Mk 118 bomblet, and Mike Aley oversaw development of the Mk 7
dispenser. The weapon’s Mk 339 target-discriminating (hard or soft) fuze was
developed by the Naval Ordnance Laboratory (NOL) White Oak.

When asubmunition, stabilized in its nose-down orientation by four folding
fins, struck a hard target such as a tank, the shaped charge would activate. The
resultant blast of molten metal was capable of piercing 7.5 inches of armor. If
a softer target was struck, an alternate warhead initiation system would create
a blast that sent metal fragments in every direction. A single Rockeye canister’s
dispersion pattern covered roughly the size of a football field.

Used extensively in Vietnam, Rockeye was employed against “targets such
as trucks, convoys, antiaircraft sites, parked aircraft, radar installations, and
personnel; tanks were not common targets during that conflict.”®

At one point during the Vietnam War, antiwar groups circulated the story

that the fins of the Mk 118 bomblet—which were made of glass filled nylon—

82 Major Accomplishments, 23.
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were designed so that when
people were wounded by the
bomblets, the fin fragments
would be invisible to X-rays.

When Frank Knemeyer,
first saw the fins, he had

questions too. According to
Braithwaite, Knemeyer said:

“I don't really like that
idea very well, using
plastic. It would be
better with metal.” 1
told him. “If it is metal,
and you bend it, then
[the bomblet’s flight] is
unstable. If it breaks, then
it is still probably stable.”
And we found, working
with  Honeywell, that
glass-filled nylon absorbs
a lot of energy before it

will break, and so that is
the choice we made. And Mk 118 Rockeye bomblet cutaway diagram showing
glass-filled-nylon fin assembly.

he said, “I want you to
bring me one of those.
I’'m going to put it into my dishwasher and see if it survives [the environment
of heat and water].” So, sure enough, he did, and it survived OK.®

Rockeye II had its problems. As Powell explained, the Marines had some
hesitancy about using it. The bomblets “had a very high dud rate [because of
swampy ground conditions]. So you're basically laying a minefield for your own
troops.” Even when operating behind enemy lines, that was a problem. “There’s
the humane thing that comes in there. You might kill some kids.”%4

Rockeye II was released for pilot production in 1967, and production was
continuous well into the 1970s. In 1971 a second-source contract was awarded

to the Marquardt Corp.

Briteye was a new concept for night combat illumination. Flares, ranging

from small hand-held pop-ups to 30-pound aircraft-dropped pyrotechnics,

83 Moyle Braithwaite comments recorded during tour of U.S. Naval Museum of Armament
and Technology (subsequently redesignated a Heritage Center), 2009, 6.
84 S-270, Powell interview, 52.
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are indispensable tools for night warfare. They are particularly important for
defense of an established position under attack, as was frequently the situation
with U.S. forces in Vietnam. Flares are also used by pilots to illuminate ground
targets and in search-and-rescue missions. As the Vietnam War heated up
during the 1960s, calls increased for a flare that would stay up longer than the
standard aircraft-launched parachute-borne flare.

China Lake engineers worked to design an air-launched flare that would
produce about 5 million candlepower for 5 minutes. (The existing standard
was 2 million candle power for 2 minutes). The chief problem was that for
a parachute-borne flare, the heavier payload necessary to achieve the higher
candlepower increased the parachute’s rate of descent. The choice seemed to be
brighter and shorter or dimmer and longer.

Jimmie M. Craig, the project engineer for Briteye, was also a hot-air balloon
pilot with three national records. Not surprisingly, the suspension system that
Craig and his team designed for Briteye used a small hot-air balloon, rather
than a parachute. The principle was sound, but there were obstacles. Briteye
project manager Vernon D. Burklund remembered:

One of the problems that we had during testing was that, as the flare itself
was losing weight because of burning, the balloon would then tend to climb
up into the smoke and interfere with the light output of the flare. So then it
was necessary to provide a mechanism for venting the balloon, to keep it from
rising up into the smoke.®

A second problem was that with a sink rate of only 4 to 5 feet per second,
Briteye was essentially a hovering flare and could remain in the air after burnout
long enough to endanger aircraft. To solve this problem, the flare emitted a red
light during the last 30 second of burnout to alert the pilot that burnout was
imminent; at burnout, a destruct system consisting of strands of pyrotechnic
material threaded into the balloon’s seams deflated the balloon, thus clearing
the air of hazards to aircraft.%

The biggest problem with Briteye was that manufacturing costs proved
to be higher than those for a competing, though lesser-performing, parachute
flare produced by Thiokol. Given the enormous quantities of flares that would
need to be produced for operations in Vietnam, the contractor’s design won
out, although the Air Force did have a number of Briteyes manufactured.

An interesting, and characteristically China Lake, aspect of the Briteye
program was that instead of using a fixed-wing aircraft or helicopter for the

85 S-271 Vernon D. “Vern” Burklund interview, 15 Oct 2008, 7.
86 NWC Tech History 1967, April 1968, NWC TP 4456, 1-16.
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many design-and-development-phase drop tests, the program used a full-size
hot air balloon. The balloon was much cheaper to operate—and no doubt more

fun for Craig and his assistants Dick Zinke, Bob Willard, and Jim Andrews.

John H. “Jack” Lyons, who shared an office with Craig, recalled that the
initial request by the Briteye engineers to purchase a hot-air balloon for the test
was turned down by the department:

That’s “No, we can't have any toys in our department.” So they regrouped and
figured out “Well why don’t we just buy a thermal acrostat [the technical name
for a hot-air balloon] in pieces?” So they ordered a thermal aerostat burner, OK,
they got that. Then they ordered a thermal aerostat basket or something. Little
by little they had all the components and so they put them all together, went out
on the range—next thing you know there’s a big hot-air balloon testing a flare.?”

Once inflated, the 62,000-cubic-foot balloon could stay aloft with two
passengers for up to 5 hours at a cost of about $1.75 per hour in propane. Plus
it provided a more stable platform for test drops than did a hovering helicopter.
During the course of the project, Craig piloted the balloon to an altitude of
20,000 feet and on a nonstop flight of over 50 miles.®

Lyons observed that:

When it proved very valuable, everybody wanted to use the platform for
testing; maybe a sensor, where you could suspend it over the range and do
something with transmission, receiving or whatever. So it became a very
popular test bed for other things. That was the can-do atticude.®

Fakeye was a system of dispenser-released aerially emplaced decoys that, to
enemy search and surveillance radar, would appear as Fleet surface vessels. The
system appears not to have gone beyond the study and analysis phase, which
was completed in 1963.

Walleye

Walleye, one of China Lake’s must successful weapons, was part of the Eye
series in name only. One might say that the Free-Fall Weapons Program bought
the naming rights to the weapon.

According to Jack Crawford, “It was pretty much local for a long time.
And we finally got $95,000 . . . from the office that was doing the Eye series of
weapons, and they’re the ones who gave it the Walleye name.” It had formerly
been known as Snoopy and Fetch.

87 S-282, Jack Lyons interview, 22 Oct 2008, 69-70.
88 Rocketeer, 23 Sept 1966, 1, 3.
89 §-282, Lyons interview, 70.
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Walleye’s conception far predated Span-
genberg’s 1959 solicitation of “new air-
launched non-nuclear weapons” that led to
the Eye series. Volume 3 of this series traces
Walleye’s roots to a 1934 memorandum by
Radio Corp. of America’s Vladimir Zworykin
in which he proposed a “flying torpedo with
an electric eye.” In 1957 Crawford (then
head of the Systems Design Branch in the
Aviation Ordnance Department) and fellow
engineer William H. Woodworth had sought
the support of AOD Department Head Newt
Ward to begin exploratory-development work
on an automatic television tracking system
that would guide an air-to-surface weapon—
despite McLean’s reservations.”

“The Walleye program was a problem of
trying to get a missile to work air to ground,”
McLean said, “and I didn’t think it would
work. Jack Crawford and Newt Ward said it

would.”!

“He was unconvinced,” said Crawford,
“but in another organization, if the Technical
Director thinks it won’t work, it gets killed.
Bill was smart enough to realize that you don’t
always know whether things will work and so
you ought to let people give it a try.”??

Crawford’s partner in the Walleye en-
deavor, Bill Woodworth commented:

There were two geniuses I've known in my
life: one was McLean and the other was
Crawford. Jack was and is always the one
that had the ability to unify aerodynamics
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Walleye co-inventors Jack
Crawford (above) and Bill
Woodworth (below).

and guidance laws and electronics . . . I would say I was always the one who

probably had a more detailed capability of system design. That’s kind of the

synergy.”?
90 Babcock, Magnificent Mavericks, 455—459.

91 S-87, Dr. William B. McLean interview, 16 Nov 1973, 6.

92 S-171, Crawford interview, 20 Sept 1988, 17.

93 S-215, William H. Woodworth interview, 20 Aug 1992, 82.
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Walleye AGM-62 glide weapon on A-4 Skyhawk aircraft.

When Lillian Regelson’s list of candidate weapon concepts went back to
Spangenberg in 1959, it included Walleye. As Frank Knemeyer, explained
“Though it was actually started beforehand . . . it helped to sustain the funding
for Walleye because we had included it in this conventional package.”

Neither a guided missile, nor a true bomb, nor a rocket, Walleye was a TV-
guided glide weapon. A fair summary of the weapon’s function was given by
President Lyndon B. Johnson at a press conference less than three months after
he had taken office following President Kennedy’s assassination in November

1963.

. . . the Navy has recently demonstrated the Walleye, a guide [sic] bomb to be
launched from an airplane and guided to its target by television.

The bomb has a television camera which is focused through remote control by
the pilot in the airplane. Once the pilot has focused the camera on the target,
the mechanism in the bomb takes over, watches the television screen inside
the bomb, and then guides it until it reaches the target.

The Walleye has been demonstrated and it has shown amazing accuracy at
a range of several miles. It is being developed by the Naval Ordnance Test

94 §-200, Knemeyer interview, 27.
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Station at China Lake, California, where the now famous Sidewinder missile
was developed.”

Crawford explained part of the reasoning behind the Station’s investment
in Walleye:

Before we started Walleye, we had looked at some bomb damage assessment
pictures from Korea. And, you can see a bridge standing there and the whole
countryside around is pockmarked with bomb craters in an attempt to take
the bridge out. And, from a military standpoint, you've subjected to pilots to
risk over and over again, and you don't like to do that. . . . That was part of
what led to “we really ought to be able to do something better.””

“Something better” meant something more accurate. The WWII tactic
of carpet bombing population centers with the hopes of destroying some
industrial capability had become distasteful to the nation. It would become
more so through the 1960s, as the same technology that guided Walleye also
brought pictures of combat carnage from Vietnam into people’s living rooms.

As early as 1943, both the Army and the Navy had looked into television
as a means of guiding a bomb to its target. The earliest attempts were command
guided. These included Robin, a glider missile that carried a TV camera in the
nose and a TV transmitter and radio-command system in the tail. An operator
had to hang around after weapon release and watch the television screen while
guiding the weapon to the target. Advances in radar-guided antiaircraft guns
would make this launch-and-loiter tactic an increasingly high-risk operation.

Another inherent weakness of the earliest TV weapon concepts was enemy
jamming of the bidirectional signals (TV signals to the aircraft and control
signals back to the weapon). The ultimate goal of the air-to-surface-weapons
community was an autonomous, unjammable, highly accurate “launch and
leave” weapon.

WWII television technology was still rudimentary, unsuited by size, weight,
and reliability to the rigors of combat. With a booming post-war economy
came a surge in demand for home TV viewing. TV technology became more
mature, and military designers were watching. By the end of the 1940s, the
invention of the transistor (rugged, tiny, cool running) provided the key that
would weaponize television.

In 1951 Frederick C. Alpers and a team at NOL Corona developed an
automatic contrast-tracking TV guidance system called AVOSET (Automatic

95 “Transcript of the President’s New Conference on Foreign and Domestic Matters,” New
York Times, 2 Feb 1964.
96 S-241, Jack Crawford interview, 4 March 2005, 34.
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Video Optical System of Edge Tracking). According to Alpers, “No AVOSET

missile was ever actually built and flown; we couldn’t really sell it.”””

Six years later Woodworth, Crawford, and their group picked up where
Alpers had left off.

Using discretionary funds from Station overhead, as well as some informal
funding support from other programs, such as Sidewinder, team members built
a TV guidance system that could go into a bomb. They introduced a gimbaled
mount for the seeker, gyro stabilized it, and narrowed the field of view so the
seeker could see more clearly. They built a small, compact, entirely solid-state
camera system that worked on a standard U.S. commercial signal (AVOSET
had employed a nonstandard scan) and developed new video-processing
techniques and the first practical electronic light-level control. The engineers
had a free hand to try any approach that showed promise.

“That’s why it was the best place in the world to be,” commented Earl
Donaldson, who designed the Walleye gyro. “I had my hobby, gyros; I had the
free hand to do the gyro as long as I could make it work for them.””

Marc Moulton, who arrived at the Station in 1967, was just in time to start
designing what would be the second-generation Walleye seeker. He concurred.

We had freedom to pursue ideas. . . . If I needed a brand new integrated circuit
that just came out on the market . . . I would simply call up a guy named Bob
Greene in procurement on the telephone and say, “Bob I need one of these,”
and it would be on my desk within 2 weeks. . . . At the time, solid-state
technology was advancing so rapidly that if you didn’t do that, your design
would be obsolete before you ever got it finished.”

Aswith the early satellite-launching efforts at NOTS, China Lake’s designers
had no compunctions about borrowing ideas and concepts from other local
programs. The gyro stabilization of Walleye’s seeker was a page straight out of
Sidewinder, and indeed many of the Sidewinder technical personnel helped
with the nuts and bolts of the early Walleye design efforts.

One of the trickiest aspects of Walleye’s development was figuring out the
algorithms to process the video image, translating the contrast of light and

97 S-118, Frederick C. Alpers interview, 27 and 28 Jan 1981, 21. The Corona lab was
merged with China Lake in 1967, and Alpers transferred to China Lake in 1971 when the
Corona facility was closed. Alpers was the recipient of the Arthur S. Flemming Award as
one of the outstanding young men in government service (1960), as well as of the L. T. E.
Thompson Award (1967).

98 VP 07-82, “The Pursuit of Precision. Walleye, the TV-Guided Glide Bomb,” China
Lake Video Projects, 2007.

99 S-245, Marc Moulton interview, 14 June 2007, 7-8.
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dark into a meaningful tracking guidance scheme. The weapon’s view had to
be visually displayed on a cockpit monitor, so that the pilot could see what the
weapon was locked onto.

The breakthrough was Crawford’s concept of a two-loop tracker. The
television electronically tracked the target by itself, independently moving the
tracking crosshairs. “It’s not smart enough to know that a bridge is a bridge or
a car is a car or a tank is a tank,” Moulton explained, “But it can know an edge
is an edge and try to stay stuck on that edge.”'*

Then the gimbal, with the seeker, would electronically track the position
of the tracking gate. “And it formed a dynamically stable system from which
error signals could be taken easily and used to control the aerodynamic fins,”
Woodworth explained.'"!

The guidance system was shaping up, and by 1960 wind tunnel and sled
testing of the aerodynamic configurations for the Walleye airframe were under
way at China Lake. David Livingston, head of AOD’s Missile Development
Branch B—Crawford headed Branch A—took over as Walleye program
scientist in 1960 and continued as program manager for the next 12 years.
(He was recognized for his leadership of the Walleye effort with the L. T. E.
Thompson Award in 1967.) The first tactical airframe configuration of Walleye
was drop tested in 1961.

Weapon power, to run the onboard electronics and the actuators that
moved Walleye’s control surfaces, posed another challenge. Batteries were
rejected because of weight concerns. The next option was a hot-gas generator,
but designing one that could last for perhaps a minute and a half of flight
proved difficult. The Walleye design team abandoned that and instead selected
a ram-air-turbine generator, the RAT, that used an airstream-driven propeller
to provide both electrical and hydraulic power.

Dale Knutsen, the Walleye flight-test engineer, called the RAT solution a:

.. very clever arrangement, because you didn’t have to carry batteries. And
you only have that thing operating when it’s in the air so . . . youre not wearing
anything out, or you're not having to check battery leads after a period of time.
However, those blades operated at a very high speed and they make quite a
noise. And probably very few Americans have ever heard a Walleye—quite of
few of our enemies have. They are a screamer.'”

100 Ibid., 29.
101 S-215, Woodworth interview, 32.
102 S-259, Dale Knutsen interview, 17 Sept 2008, 40.

143



The Station Comes of Age

That noise was not a concern to the Walleye designers. “As one Marine
aviator put it, the scream simply allowed the enemy to die all tensed up.”!*?

The first air launch of a self-guided Walleye in 1962 was a failure. A control
loop had been hooked up backwards, and the weapon plummeted to earth out of
control. On the second test, 27 November 1962, the weapon successfully guided
to a target on Baker range. It was not until April 1963 that NOTS submitted a
Technical Development Plan for Walleye to BuWeps. The TDP was approved.
The proposed weapon would be a standoff (16-mile range when launched from
30,000 feet) TV-guided precision munition with a 750-pound warhead.

NOTS was instructed to farm out the production engineering to the Naval
Avionics Facility, Indianapolis (NAFI), and the fuzing to NOL, Corona. Bud
Sewell assigned Mel McCubbin the warhead-design task. Harry Potts and his
crew from Public Works constructed specialized targets in Burro Canyon for
warhead development testing. (The resulting linear-shaped-charge warhead,
despite containing only 500 pounds of high explosives, proved far more effective
than many larger traditional-design warheads.) Even as the weapon evolved to a
level of Fleet readiness, China Lake engineers were developing refinements and
upgrades for the system. Pilot production of Walleye began in 1965.

On 11 June 1965, Lieutenant Commander Francis “Frank” Pesenti was
flying a Walleye test against a trailer target on Baker Range. The weapon was
guided but contained no warhead. Lieutenant Douglas S. “Doug” Mayfield was
flying photo chase on the mission in an A-4C, assigned to follow the weapon,
photographing its flight from launch to impact. The Walleye flew unerringly to
its target, struck the target, and knocked the wheel and axle assembly into the air
where it ripped a wing off Mayfield’s aircraft. Mayfield was killed in the crash.

Walleye testing continued in 1966, with launches being made by the
Air Force, VX-5, Naval Missile Center, and NOTS. Zero miss-distance was
achieved in 31 of 50 launches. In April 1966, the first live-warhead Walleye
round was launched at China Lake, totally destroying its 18-inch-thick
concrete-reinforced target. The following month, VX-5 began Operational
Evaluation of the system. A $24-million Walleye production contract was let to
Martin Marietta Orlando Aerospace Division.!%

On 12 January 1967, Walleye was declared ready for Fleet use and was
immediately deployed with Attack Squadron (VA)-212, the “Rampant
Raiders,” in USS Bon Homme Richard (CVA-31) to Vietnam. Since operational

103 Dale Knutsen, “Walleye Notes, a Few Rambling Remembrances,” comments for
China Lake Museum Foundation, July 2007.
104 NOTS TP 4237, NOTS Tech History 1966, April 1967, 1-22.
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evaluation at China Lake had not been entirely completed, the operations from
the “Bonnie Dick” were classified as “combat operational evaluation.”

Six of the VA-212 pilots, flying the Navy’s new and more powerful A-4Es,
were selected to fly Walleyes against targets in Vietnam. Group members called
themselves the “Succulent Six” and “Smart Bombers.”

Ironically, to properly evaluate Walleye’s effectiveness against real-world
targets, the pilots opted to fly in tandem, one pilot dropping the weapon and
the second aircraft, fitted with both video cameras and gun cameras, following
the Walleye to the target. This was precisely the scenario in which Mayfield had
been killed, with the added dangers of a live warhead (and commensurately
larger aerial debris field) and enemy ground fire.

The VA 212 pilots were well aware of the danger of that maneuver.
Nevertheless, as Lieutenant Commander Mike Cater explained:

... we thought it was necessary. . . . and the only way you could get data was
to watch it hit. . . . that was stupid and we all admitted that, but it, you know
it was also essentially a requirement, so we did it. The data went back, the
photos went back, everybody did what they did, and that was the end of it.”!%

The data that came back to China Lake was used by NOTS pilots, analysts,

and engineers to refine the weapon and its launch and delivery techniques.

On 19 May 1967 (Ho Chi Minh’s 77th birthday), VA-212 and its Walleyes
took out the Hanoi power plant. In Cater’s words, “It was proven at that point.”
The weapon was also used against bridges, railroad trains, military barracks,
and high-value targets in urban settings where accuracy was essential. In the Air
Force’s own combat operational evaluation of Walleye on the F-4 aircraft, the
weapon had eight direct hits in nine combat launches.!%

During its 1967 tour, VA-212 launched more than 43 Walleyes against
targets in North Vietnam with 39 on-target hits. Of the pilots who carried out
those missions, five of the Succulent Six made it back to the States. The sixth,
Commander Homer Smith, VA-212’s commanding officer, was shot down
during a raid on the Bac Giang power plant in North Vietnam and died in a
North Vietnamese prisoner of war camp. He was posthumously awarded the
Navy Cross, the highest award for valor in combat that the Navy can bestow.'””

Walleye was the first air-launched weapon to deliver on the promise of high
accuracy, high pilot survivability, and minimal collateral damage. It was also

105 S-243, Cdr. Mike Cater, USN (Ret.), interview, 12 Oct 2007, 19.
106 VP 07-082, “The Pursuit of Precision.”
107 NWC Tech History 1967, Part 2, April 1968, NWC TP 4456, 1.
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Walleyes ready for their first flight over Vietnam, 11 March 1967. On the deck of Bon
Homme Richard with a pair of Walleyes on an A-4E Skyhawk are Tom Taylor (left), on
temporary duty from China Lake, and VA-212 CO Commander Homer Smith.

the first modular weapon system—different weapon sections, such as wings or
warheads, could be interchanged to suit the needs of a particular mission.

China Lake, never content to rest on its laurels, would go on to develop
Walleye II, which was released to the Fleet in 1974. Walleye II boasted nearly
triple the warhead weight of the original Walleye. An extended-range data-link
(ERDL) version of Walleye II, fielded about 1975, stretched the weapon’s range

to 45 miles and allowed the pilot to update the weapon’s aim point after launch.

Although Walleye was the Station’s primary electro-optically guided weapon,
two similar programs were under way during the same period. Development of
Condor, which was essentially a Walleye with a rocket motor (originally liquid
fueled and later solid fueled), began in 1961. Although Condor development
under China Lake’s technical management was completed in 1975, the weapon
was never fielded.

Snipe, which Station engineers conceived in 1962, was a small (72-pound)
optically guided missile designed for ground attack from helicopters and small
fixed-wing aircraft. The Army supported Snipe development for several years,
but when that funding ceased, in 1969, the program was terminated.
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Through Walleye, the Station expanded its core expertise in electro-optical
guidance technologies. NOTS would apply this expertise to the development of
fire-control systems (such as the Angular Rate Bombing System), sophisticated
range instrumentation (for data collection and test control), and control systems
for targets and remotely piloted vehicles.

Later, China Lake would develop charge-coupled devices (CCDs) for air-
to-air-missile imaging, shuttered video technology (the basis of todays TV
slow-motion-replay technology), low-light all-weather secker technology, the
guidance system for the first Standoff Land Attack Missile (SLAM) version of
Harpoon, and, in the 21st century, Spike, the world’s smallest precision “fire-
and-forget” missile.

Weapons Requirements Studies

The Eye series was indicative of a sea change in U.S. weapons policy. As
China Lake (and, to a lesser degree, other DOD laboratories) continued to
conceive and develop new weapons, against the backdrop of a widening conflict
in Southeast Asia, it was clear that the focus of U.S. weapons acquisition was
shifting from nukes to weapons of limited war.

By 1962 the Department of Defense under Secretary Robert Strange
McNamara was already beginning to have concerns about the variety of
conventional ordnance used by the three services. The proliferation of
specialized weaponry generated to meet specific services’ needs ran contrary to
McNamara’s penchant for efficient organization and systematization.

Carl L. Schaniel came to China Lake in June 1962 as an associate for
operations analysis in Code 12, where he was assigned responsibility for the
group’s mathematical tools.'%

One of his first assignments at China Lake was the Non-Nuclear Ordnance
Requirements (NNOR) Study. Annually each service submitted its budget
requirements for non-nuclear (conventional) ordnance. DOD had discovered
that there was no agreement between the services on the effectiveness of their
non-nuclear ordnance across the spectrum of limited-war scenarios.

Schaniel pointed out a pertinent example:

... for a Russian MiQG aircraft, the Air Force kill criteria was a hole in the
aircraft. The Navy kill criteria were a hole in the engine block, the electronics,

108 Schaniel, who had worked for 11 years at the Naval Electronics Laboratory, was
recruited to China Lake by then Weapons Planning Group Head Dud Colladay. Schaniel
would take over Code 12 in 1965, when Colladay left NOTS for the Center for Naval
Analyses, and would lead the group for the next 12 years.
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or the fuel tank. It is easy to see that these criteria would lead to widely
different ordnance requirements. The annual weapons procurement budgets
were in the billions of dollars. So this was not a trivial issue. '*

DOD directed the services to clarify and resolve the differences. Schaniel
opted to let others concentrate on the details of the 1962 requirements (there
was never enough money in the DOD budget to fill everyone’s “requirements,”
anyway) and instead to focus his efforts on creating a sound base for future
computations—and in the process to more firmly establish China Lake’s
expertise within DOD’s increasingly competitive ordnance-development
community. Schaniel recalled:

I had the China Lake leaders in the effectiveness computations develop briefing
materials displaying each element of the effectiveness comparisons. I then
integrated all of this into a single briefing so the process was transparent to
the Washington offices. When the procurement budgets were sent in to the
Washington offices, we had in hand this briefing on the computational process.

He and others gave a well-received “detailed one-hour briefing (the short
version)” to all interested parties. As a result, Deputy Secretary of Defense
Roswell Gilpatric, McNamara’s right-hand man, sent a commendatory memo-
randum to Secretary of the Navy Fred Korth. It said in part:

The Navy study of non-nuclear ordnance is, in Mr. McNamara’s and my
considered opinion, one of the finest accomplishments to date in this area.
The Navy’s application of war models and the use of operational analysis
represent a breakthrough in logistics planning and the rational development
of material requirements. . . . You should implement the recommendations
contained in the Study. Of particular importance is ‘the assignment to a
permanent OPNAV organization the continuing task of analyzing weapon
systems effectiveness so that it may be used as a basis for determining further
requirements, new weapons introduction, and procurement budgets.”''’

China Lake had always been known as the place that could build a
better weapon. Now the NNOR bolstered a parallel reputation that had been
established with Atlantis, Mercury, and other important Code 12 studies. The
NNOR study demonstrated that NOTS, foremost among DOD laboratories,
understood the theoretical and mathematical framework for assessing weapons
effectiveness—and used that understanding to build the necessary tools for
carrying out national defense policies.

109 Carl Schaniel, “Carl’s Career Chronology,” Aug 2007, 58. Provided by the Schaniel
family.
110 Ibid., 60.
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Additional Eye Weapons

Even as Schaniel was hammering out the NNOR study, new weapons
were added to the Eye series. Deneye, an air-launched dispenser for mines,
began development in 1962. Deneye 1 dispensed antitank mines and Deneye
IT dispensed antipersonnel mines (which could be set to self-destruct at preset
times from 6 hours to 7 days) or a mix of antipersonnel/antitank mines. These

were among the earliest of “self-sanitizing” mines.'!!

Although later cancelled, the weapon points up an advantage of China
Lake’s full-spectrum capability. When Weapons Development Department
engineers were designing Deneye’s antitank submunition, they called on the
Public Works Department, which maintained a Soils and Materials Testing
Laboratory.

The lab was routinely used for such mundane but essential tasks as
evaluating candidate resurfacing materials for the Station’s 400 miles of road.
To determine the behavior of the Deneye submunition when it impacted
various soil types, Public Works engineers performed in-place density, grain-

size analysis, soil classification, and moisture determinations.''?

Fireye was a gelled-fuel “close-support flame weapon,” not unlike napalm.
With its clearly defined edge effects (unlike fragmentation weapons) the weapon
was safer to use than was conventional ordnance in close proximity to friendly
troops. NOTS developed the aerodynamic shell, fuses, and an effective fuel-
gelling agent. Both Powell and Gustafson flew development tests for Fireye.
Although the weapon itself was not fielded, the portable fuel-gelling unit was
used extensively by the Marines in Vietnam. The gelled fuel burned longer and
hotter than napalm and could be made with available fuel supplies.

In 1965, the Station was assigned Deputy Assistant Program Manager
(DAPM) status for the weapons in the Free-Fall Weapons Program, which
gave China Lake responsibility for the direction and funding of related efforts
by contractors and by other laboratories that had previously been funded by
BuWeps. (Rockeye II was the first weapon to be developed with NOTS as
DAPM, and at one point the Station had responsibility for managing 13 other
field activities involved with Rockeye.)!?

Cracking the management whip over the Eye series was Peggy Rogers.
In July 1966 she was presented the Navy Superior Civilian Service Award—
the Navy’s second highest civilian award—by Richard A. Beaumont, Deputy

111 Dickinson, Glossary of Project Titles, 23.
112 Rocketeer, 3 July 1970, 1.
113 Rocketeer, 9 Feb 1973, 1.
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Under Secretary of the Navy for
Manpower. The award citation
noted Rogers' “strong leader-
ship and management in the de-
velopment of the free-fall weapons
as represented by Snakeye I (Mk 81
and Mk 82), Snakeye II, Sadeye,
Gladeye, Rockeye I and Rockeye
II, Weteye, Bigeye, Padeye, Mist-
eye, Fireye, Deneye, Briteye, and
the Walleye warhead.”!!4

The previous year, Rogers had
received the L. T. E. Thompson
Award “for outstanding technical
leadership and effectiveness in
managing and directing the
development of a large portion of
this country’s conventional warfare
arsenal, the Free Fall Weapons
Dr. Marguerite “Peggy” Rogers System Program.””s

Rogers was loved by her
employees, and she was fiercely protective of them. Edwin V. “Ed” Alden, who
specialized in warhead detonation physics in Rogers’ group, said “I've seen her
make a three-star admiral cringe.”!'¢

While some of the Eye weapons reached the Fleet and were used successfully
in combat and others barely got off the drawing board, each benefited from the
same “make-it-work” attitude that characterized China Lake’s approach to every
new weapon or system. For example during the development of Sadeye—a
multipurpose dispenser weapon for bomblets and submissiles—an extended
cook-off test was needed. The test would show how the weapon would react if it
were exposed to a prolonged fire on a ship or at a storage area. Jack Lyons—an
aeronautical engineer and former Navy pilot—was the Sadeye project manager.

114 Rocketeer, 5 Aug 1966, 1. In 1974 Rogers would become the first woman to head a
technical department at China Lake: Code 40, the Weapons Development Department.
Her sons, Alexander “Sandy” Rogers, Fred Terry, and Robert, worked on base as civil
servants (Sandy retired as head of the Naval Air Warfare Center Weapons Division Range
Department in 2002), and her daughter Alison worked there as a contractor. Sandy’s son
James is employed at China Lake as a computer scientist.

115 NOTS Command History 1965, 28. Rogers was the first woman to receive the award.
116 Ed Alden, telephone interview, 16 June 2011.
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He remembered that:

They needed to run some more wires out to the cook-off area and they needed
another chart recorder and they needed this and they needed that . . . I just
couldn’t afford to expend that kind of money. So I took the equipment up there
with my sleeping bag. . . . I had some food and water. And I stayed there until
it cooked off in the middle of the night, wrote everything down, turned off the
chart recorder and then when the sun came up I had finished up, packed up
what I needed to, came back. . . . I got the test done and it didn’t cost hardly
anything to get the results because I needed them. But lots of things like that
were expected. We were expected to be resourceful, get the job done, don’t look
for excuses how you can’t do it—find a way where you can do it.""”

Sadeye—titled rather grandly the Sadeye Universal Weapons Dispenser—
went into production in 1964 and was available for Fleet use in 1965. Five
loaded versions, varying in their bomblet types, were produced.

The Eye series was a large part of the Station’s activities. Although Eye
programs touched every department at China Lake, most of the work was
managed from Frank Knemeyer's Weapons Development Department and
the majority of those programs were located in Peggy Rogers’ Air-to-Surface

Four Sadeyes during development, on A-4 aircraft, Armitage Field, 1962.

117 §-282, Lyons interview, 27.
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Waldo Born in January 1964, shortly after he learned the truth about Fisheye.

Weapons Division.

By 1963 Code 40 was the “largest organization at the Naval Ordnance
Test Station in terms of project dollars assigned and spent annually,” according
to the Rocketeer. The department controlled the expenditure of nearly $25
million (about $175 million in 2009 dollars), and its programs represented
“a Station-wide effort involving 650 persons” (about 13 percent of the total
civilian complement).''®

The prevalence of Eye weapons provided the inspiration for a practical joke
at Armitage Field. One day Ray Powell told his friend and fellow test pilot,
Lieutenant Commander Waldo Born, about a new weapon concept called
Fisheye. Top Secret. Very hush hush. But Powell might be able to get Born in
on it. Born was excited—the Eye weapons were usually flown on newer A-4 jets
and his qualification was in the older A-1H propeller aircraft.

In truth there was no Fisheye weapon, but over the next few weeks the

118 Rocketeer, 28 Feb 1964, 5, 8; NOTS Command History 1963, 18.
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entire squadron, from VX-5’s skipper, Commander Harry N. O’Connor, to
Aviation Ordnanceman Petty Officer Third Class R. E Lacey, who had come up
with the name Fisheye, got into the act. Born was given intentionally abstruse
“briefings” on Fisheye and was cautioned about the weapon’s very sensitive
fuze. On 2 successive days, Fisheye’s maiden flight was cancelled because of
high winds. When finally the very keyed-up pilot went to his plane on the third
day, he found hung on the starboard wing a yellow bathtub, complete with six
goldfish, and the sensitive fuze—a release lanyard running from the plug up to
the cockpit.

A Rocketeer photographer was there (along with most of VX-5), and a
good laugh was had by all. The photo and story were picked up by Naval
Aviation News and one must assume that the story followed Born throughout
the remainder of his 30-year Navy career.!"”

The Military Edge

Essential to the success of the Eye series—and every other weapon-
development program at the Station—was the military. Civilian-military
cooperation in the weapons-development process was not a new phenomenon;
it had been growing steadily since the First World War. Al Christman wrote
that during the period from WWI to the end of the Korean War:

The relationship between American science and the military changed from
indifference to collaboration. The result was a weapons revolution that
perfected radar and created the first mass-produced smart weapons, modern
military rockets, guided missiles, and the atomic bomb.'?

China Lake, from its founding in 1943 until the 1970s, was unique among
military laboratories in the nature of the relationship between the Station’s
military and civilian components. Part of this was circumstance: the base was
remote and isolated. China Lake’s employees, unlike their counterparts in more
urban work settings, did not spend the day at work and then scatter to farflung
neighborhoods to enjoy their private social lives after work and on weekends.
China Lakers, military and civilian, not only worked together, but also lived
together and played together. The familiarity bred a mutual respect.

“The people who came to work here were not only a part of a company, but
they were also part of a community, and a very close-knit community at that,”
observed C. John Di Pol, who culminated his 31-year career at China Lake as

119 Rocketeer, 25 Oct 1963, 1, 4; Ray Powell, email to the author, Oct 2008.
120 Al Christman, Zarget Hiroshima: Deak Parsons and the Creation of the Atomic Bomb,
Naval Institute Press, Annapolis, 1998, 5.
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head of the Range Department.

The fact that your next-door neighbor or the guy behind you was the person
who was in the next department or at Armitage Field . . . went a long way
in helping to solve the problems which are inherently created in any large
organization; the interpersonal relationship problem, the jurisdictional
problems, etc. And the fact that we lived and played together was a principal
force in our ability to get along in our business relationships and to solve
problems that might come up between us.'?!

The bright line between work and leisure that later became the norm was
absent at China Lake in the 1940s and "50s and ’60s. That absence was often a
shock for newcomers, but they soon got over it. “One had to adjust,” said Lee
Jagiello. “Actually, everybody enjoyed that. It was kind of funny. You could see
a party break up, and everybody would go down to the laboratory. And go to

»122

work. Everybody got ideas.

The Ofhicers’ Club was the watering hole of choice for scientist and officer
alike. This unusual mixture on occasion caused consternation for an officer
newly assigned to the Station. Ashworth related in a 1969 interview:

I remember that we had some new people arrive, some new aviator types, and I
guess they were in the air facility there. One of these characters got pretty well
loaded up with beer one day and said, “I don't see what all these God damned
civilians are doing up here in our Officers’ Club.” He said, “Somebody ought
to do something about it.” So you get him over in the corner and hit him over
the head a few times and straighten him out and tell him the facts of life, and
tell him to shut up and go about his business. “This is not an Officers’ Club
in the normal sense; this is the Naval Ordnance Test Station Club and it’s as
much civilian as it is military, and now shut up!”'#

“Every project was assigned a Navy officer, usually a pilot,” Frank Knemeyer
recalled. “When briefings were given to Fleet personnel aboard ship, the officer gave
the briefing, with the civilians as backup. Military to military was very effective.”!24

The relationship between the military personnel and civilians at China
Lake was complex and multifaceted—disparate cultures of scientist and warrior
interfacing in the management, social, and political spheres. Commanding
Officers argued with Technical Directors, scientists gave presentations to
Pentagon admirals and generals, sailors’ wives joined with engineers wives to

121 S-119, John Di Pol interview, 9 Feb 1981, 21.

122 Jagiello and Moran interview by Westrum, 33.

123 S-61, Vice Adm. Frederick L. Ashworth interview, 9 April 1969, 94-95. Civilians
were also welcome at the Chiefs’ Club (enlisted rates E-7 through E-9), Acey Deucy Club
(E-5 and E-6), and Jolly Roger (E-4 and below).

124 Frank Knemeyer review comment, 16 Aug 2011.
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set up Girl Scout troops. There was no end of association between military and
nonmilitary personnel. This close relationship was foreign to the leaders back
East. “People back in Washington and other places would say “Well, you're
unique? What’s unique?” Knemeyer said. “They didn’t understand how good
it could be from a technical standpoint, social standpoint, because they'd never
really experienced it.”'*

The most productive point of contact between the two cultures, in terms
of the quality of China Lake’s weapons, was during a weapon’s design, test,
and evaluation phases. Designs formulated by scientists and engineers were
tempered with the operational experience of the sailors and aircrews who would
ultimately use the weapons.

This process of tempering desire with realism worked both ways. “Sorry,
Captain, you can’t have a death ray mounted in the nose of your aircraft, the
technology’s not there yet.” But more often it was the experienced military user
who might observe “Looks good, Doc, but on a pitching deck at night in the
rain, I don’t think it'll work. Unless of course you . ..

Captain John I. Hardy put it this way:

The chance for the people dealing directly with hardware and making the
technical decisions to have a feel for what goes on on a flight deck or down in the
magazines . . . you can’t get any other way than by dealing directly with the Fleet
people, and it is the key I think to the success or failure of the average weapon.'2°

It was not unusual to find engineers at Armitage Field watching sailors
assemble and load ordnance, and asking, “Why do you do this or that?” The
answers could make a difference in how a part was built, or a tolerance specced,
or a process implemented in a new weapon system. It was more than “human
engineering.” It was “Navy engineering.” The Fleet was the focus. John Lamb,
a central figure in the development of the Chaparral system, emphasized the
practicality of the relationship:

We'll put together a team of military people. We may or may not have any
of our civilians with them. But that team will go out ride a carrier, ride an
airplane, a boat, whatever it takes to talk to the people today, right now, doing
that job and they’ll be at the right level. And they’ll come back and tell us

here’s what the problem is, here’s what we're doing, here’s what we need to do.

It's an immediate ability to step into the world today of what’s going on out
there and bring that information back into the very, very front of the design

125 S-200, Knemeyer interview, 143.
126 S-34, Capt. John I. Hardy interview, 13 Feb 1967, 2. Hardy was NOTS Commander
from August 1964 to February 1967.
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process. That’s not in industry. I don’t think you could put it in industry.'?’

Ray Powell recalled being invited by Peggy Rogers to briefings on new
weapon concepts in the early 1960s:

She wanted an operational pilot up there to listen to the brief and the concept
for the weapon that they were going to do . . . they had every damn thing you
could think of—some of the wildest things. Some of them were good, some
of them were bad. So Peggy Rogers would get operational people in there and
listen to it and see if there was anything really stupid in it. . . . The scientific
part of it she didn’t need me, believe me. . . you sit in there and then you
wouldn’t understand 10 percent of what they were saying. But then you get to
the bottom line of what you do when you get ready to drop the S.O.B. .. 1%

Military aviators at China Lake had two separate organizational homes.
One group was the NOTS project pilots, both Navy and Marine, who worked
exclusively for the development projects. This group was in the Station’s military
chain of command, part of the Naval Air Facility, a subcommand of NOTS
located at Armitage Field. The second group was the VX-5 pilots. These Navy
and Marine flyers were assigned to Air Development Squadron Five (known as
the “Vampires), also located at Armitage Field. VX-5 was a tenant command
at China Lake and answered to Commander, Naval Operational Test and
Evaluation Force (COMOPTEVFOR), in Norfolk, Virginia. The Vampires
concentrated on Operational Evaluation (OPEVAL) of new weapons—testing
how well they would really work in operational use, in peace and war, and how
effective they were—as well as the development of delivery tactics.'®

The organizational distinction reflected a two-tiered system of military
influence in the weapon design process. NOTS project pilots worked directly
with scientists, engineers, and technicians in the development of a new weapon:
inspecting it, strapping it on a plane, and flying a few or sometimes hundreds
of test flights, all according to carefully crafted test plans. The project pilot’s
subjective evaluations complemented the data obtained from telemetry and
range cameras as well as instrumentation on the project aircraft and the test
item itself. VX-5 pilots conducted the Operational Evaluation of a weapon
system and developed the tactics for its use after the system had completed
development at NOTS and flight clearance at Patuxent River.

Late in 1960 the Projects Department was established at NAF under the

127 S-313, John Lamb interview, 20 and 22 July 2010, 124.

128 S-270, Powell interview, 44.

129 Operational Evaluation assignments for weapon systems were based on the type of
weapon: VX-1 (Key West, FL) for antisubmarine warfare systems, VX-4 (Point Mugu, CA)
for air-to-air weapons, and VX-5 for air-to-surface weapons.
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leadership of Commander R. L. “Larry” Walker. During a 22-year Navy career,
Walker accumulated 7,825 hours in 62 different aircraft types. A combat pilot
with four air-to-air kills to his credit, he was a graduate of the first Navy test pilot
class in 1948 and had previously served as chief test pilot at NOTS in 1950.

Prior to NAF’s establishment of the Projects Department, the relationship
between the Navy and Marine aviators who flew for the various technical
programs at NOTS and the civilian engineers who worked on those programs
had “been on a pretty loose and informal basis,” said retired Navy Commander
Anthony L. Tambini II, a NOTS project pilot from 1961 to 1965.

Typically, the engineers would tell the [NAF] Operations Department that
they needed a plane and pilot for a test, and the Operations Department
provided it. When the engineer was ready to fly, he would tell the pilot what it
was that the program people wanted the pilot to do, and he did it if he could.
This was an accident waiting to happen, and sometimes it did.'*

Under Walker and his successor, Commander John A. “Jack” Sickel, the
Projects Department formalized the procedures for the pilot-project interface.
Projects Department pilots were assigned to the individual test programs and
reviewed each proposed test before it was approved for flight.

“The work demands a special type of individual,” said Sickel, a 1946
Annapolis grad. “One out of every 10 aviators has the makings of a successful
project pilot. . . . We represent the airborne eyes, ears, and senses of reaction to
the scientists and engineers on the ground.”"!

The benefits of formalizing the roles of project pilots were several. First,
a clear understanding of roles enhanced the safety of the flight-test process.
Second, by bringing pilots into the test-plan-development process, some
redundant testing could be eliminated. A third benefit was that it helped the
pilots better understand the problems in developmental testing.

Speaking of the “scientist-pilot relationship,” project pilot Lieutenant Jim
Kistler said “There’s a kinship between us that welds us together. Their problems

are ours, t0o.” 132

For a pilot, “flight test can be a frustrating business,” said Tambini.

On average, pilots are scheduled for, and man up, five airplanes for every one
that actually gets into the air. I've spent day after day going from briefing to
preflight, to taxi maybe, and back to the hangar, only to repeat the process

130 7he Flying Tlambinis, unpublished autobiographical manuscript by Tony and Angie
Tambini, circa 1988, Ch. 9, 19. Excerpts provided by Tony Tambini, Oct 2008.

131 Rocketeer, 2 Aug 1963, 4.

132 Ibid., 5.
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A4D-2N aircraft firing salvo of 5-inch Zuni air-to-ground rockets over
China Lake ranges.

several more times without getting a minute of flight time. It’s just the nature

of the job.

But the frustrations paled beside the excitement and satisfaction of the job.
“China Lake is as close to heaven as a pilot can get,” Tambini wrote.'?

With the pilot more intimately involved in the test design—and by extension
in the development process—the inevitable delays and gear malfunctions were
more a shared burden between the pilots, who were now part of the team, and
the project personnel. “It made a major difference when the ‘big picture’ was
known by all hands involved,” Tambini observed.!**

The Civil Service project engineers often flew as aircrew during testing,
particularly when the aircraft involved was a (two-seat) TF-10, TA-4FE or F-4.
“Their knowledge, experience, and ability to assess system performance were
invaluable to mission completion,” wrote Ernest Mares, who as a lieutenant
commander served as Shrike project pilot in the mid 1960s.'%

While China Lake was “as close to heaven as an aviator could get,” it was
even closer in another sense; the work was dangerous. Decisions made in a split
second could make the difference between life and death for a pilot, and often
whether the decision was right or wrong was simply a matter of luck.

133 The Flying Tambinis, Ch. 9, 19, 2.
134 1Ibid., Ch. 9, 19
135 Ernie Mares, email to the author, 11 July 2011.
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Although everyone agreed that the weather at China Lake was ideal
for flying, there was one down side to it—the wind. Flight operations were
normally suspended if the wind reached 35 knots (about 40 miles) per hour.
The problem wasn’t the aircraft, which were designed to fly in all weather at
nearly all wind speeds, but rather safety if a pilot had to eject over the desert.

Many people who have never visited the desert envision it as soft sand
and gentle sweeping dunes. While the Mojave Desert has isolated examples of
that type of topography, most of the high-desert terrain is hard-packed caliche,
coarse dirt, and rock, covered sparsely with low brush (primarily creosote bush
and rabbit brush) and networked with shallow washes and ravines. A 35-knot
wind pushing an emergency parachute across that unforgiving desert floor
would almost certainly result in death or serious injury to an aircrew member.

The standards for pilots participating in the weapons-development process
at China Lake were exceptionally rigorous, even for seasoned military aviators.
Captain Marco Renella told of one of his first assignments at China Lake:

They sent me out to the Bravo-2 instrumented range with a slick-wing A-4E
loaded with 24 Mk 76 practice bombs. I flew three hops that day, performing
72 individual bombing runs.

Renella was satisfied with his accuracy and “suspected the engineers would
be happy with the results.” But at the debrief, the lead engineer:

. .. proceeded to go through each run and tell me where I had not met their
requirements. My 30-degree runs ran between 28%2 and 31 degrees. “When
we ask for 30 degrees, we mean 30 degrees.” Also, my delivery speeds were
between 442 and 457 knots. “When we ask for 450 knots, we mean 450
knots.”

Embarrassed, Renella turned to leave. The engineer “put his hand on my
shoulder and shared with me that the fellow I was replacing was the best they
had ever seen, but he was sure I would measure up with a little sharpening of the
flying skills. (That pilot had been killed on the range about a month earlier.)”!%

The work was difficult and dangerous because the pilots were working
with new unproven technology and with engineers who would make frequent,
even daily, changes to systems. Even with the greatest safety precautions every
flight had the potential for disaster, and the days were long and tiring. Tambini
recalled a test of Rockeye I:

The whole Rube Goldberg looked flimsy, and I said so. My mouth earned
me a trip to the range with one of these little dudes attached to my centerline

136 Capt. Marco Renalla, USN (Ret.), “Naval Weapons Center China Lake,” Skybawk
Quarterly, Spring 2006, 11.
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bomb rack. At about fifteen thousand feet over the range in a programmed
unbalanced flight condition, the entire weapon disintegrated. All of those
litcle warheads, they were dummies, thank God, went bouncing along the
underside of the airplane wiping out a good portion of the wings, the landing
flaps, and most of the underside of the tail section of the airplane as well.
Another A4 was sent to the scrap heap.'?’

Pilots, of course, did not fly their aircraft single-handedly. They were
supported by a highly trained workforce of primarily enlisted personnel who
maintained the aircraft, loaded and unloaded weapons, guided the pilots
through crowded airspace via the air-traffic-control system, provided daily
weather reports, processed intelligence and naval communications, and carried
out the myriad other tasks necessary to keep the aircraft operating safely. The
inputs of these sailors, particularly the observations of the “ordies” or ordnance
handlers, were essential to the weapon development process.

A weapon had to not only achieve its combat goal of destroying the
target but also fit seamlessly into a complex system of transportation, training,
maintenance, and documentation, to mention only a few categories. While one
engineer might be designing the fragmentation pattern of a warhead, another
would be ensuring that the weapon would fit a standard launch rack—the
ordies would be the first to know if it didn't—or that the weapon canister’s
seals were impervious to the salt spray on a carrier deck.

Overseeing every major weapon’s development was the Station’s Design
Review Committee. Composed of senior scientists, engineers, and managers,
the DRC scrutinized the development program at key milestones to ensure that
rigorous standards and controls were maintained throughout the development
process.

When a new weapon reached a sufficient level of maturity in its development
at China Lake, it was transferred to Naval Air Test Center, Patuxent River,
Maryland, for testing to ensure aircraft compatibility. Following a positive
outcome at “Pax River,” the weapon was turned over to VX-5 for Operational
Evaluation. The Vampires’ job in OPEVAL was to “wring the weapon out,”
exercise it throughout its entire operational envelope and to develop delivery
techniques and ordnance-handling procedures for the weapon. Until it had
passed OPEVAL, a weapon was not ready for Fleet introduction.

When Ray Powell came to VX-5 as a Marine captain in 1962, he was
assigned to Project OV28, the Conventional Weapons Project. Previously,
under COMOPTEVFOR guidelines, each individual weapon project was

137 The Flying Tambinis, Ch. 9, 20.
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required to get special permission to modify aircraft, transfer funds, etc., putting
a heavy administrative burden on the pilots who were doing the flight testing.
Project OV28 was a “multiple-aircraft, multi-task, multi-weapon” project,
which allowed pilots to concentrate on the more essential tasks of evaluating
the weapon with the aircraft.'*

Powell explained the process:

When you would get a particular aircraft assigned to carry Zuni rockets for
instance, youd write out a test plan for that—you write out the parameters
of the test, what you're going to do, and program so many flights doing 10
degrees, 20 degrees, 30 degrees, 45 degrees, whatever,. You come up with
the best altitudes, airspeeds . . . and you put out a handbook [an Advanced
Evaluation Note, AEN] and you put out all of the stuff necessary to release it:
air sensitivity analysis, fuzing options and all. . .. There’s a section in there tells
you how to load it and how to wire it and the fuzing options to use on it, what
kind of fuze, and whether you use an electrical fuze or a mechanical fuze, and
then it gives you the delivery parameters . . . .'%

As with developmental testing (conducted during the concept development
and engineering development phases of a weapon systems life), OPEVAL was
hazardous and demanding, even when conducted according to carefully designed
test plans that incorporated every conceivable safety protocol. “Mishaps” were
not uncommon for VX-5 and project aircrews, and fatalities were all too frequent.

But each test flight produced a bit more information about the performance
of the system under test, and this information was fed back into the system’s
specifications, part of a production package that, after thorough testing at the
Station, was turned over to a contractor for limited production and subsequent
full-rate production (all under the watchful eye of China Lake’s technical
specialists). Once full-rate production was under way, “article acceptance
testing” continued to ensure that the manufacturer was following the production
specifications package to the letter.

Even after the weapons had been released to the Fleet and were being used
in combat, feedback from the operational community played a big role in
refining both the weapon itself and delivery tactics.

138 Powell, who was assigned to VX-5 in 1962-1965, typified the quality of the aviators,
both Marine and Navy, who were selected for duty at China Lake. Nearly all were graduates
of the Air Force or Naval Test Pilot School. Powell, who was an infantry platoon leader
prior to attending flight school, was awarded the Cunningham Trophy as Marine Aviator
of the Year in 1966. He retired as a colonel in 1982.

139 S-270, Powell interview, 41, 43. The AEN is an interim publication; it is formalized
in a tactical manual (TACMAN), which provides all the information necessary for the pilot
to accurately deliver ordnance.
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When Powell returned in January 1967 from his 115-mission combat
tour in Vietnam, he spent a month at China Lake debriefing the civilian and
military weapons-development teams. Commander (later Captain) Gary H.
Palmer served with Powell at China Lake, and the two pilots flew the Snakeye
portion of the weapons demonstration for President Kennedy in June 1963.

Later Palmer served in Southeast Asia as a commander of Attack Squadron
144 (VA-144) aboard USS Kitty Hawk (CV-63). He regularly sent letters to
NOTS describing both successes and problems with China Lake-developed

weapons and equipment.

The de-emphasis on nuclear weaponry and re-emphasis on conventional
weaponry in the late 1950s and early 1960s required major adjustments for the
entire naval aviation community. Aircraft carriers were oriented to the delivery
of nuclear weapons. The Navy’s newest jet aircraft, the A4D, was designed to
carry nuclear weapons.

VX-5, until 1959, had been almost exclusively concerned with developing
delivery tactics for nuclear ordnance. Captain Bill Fitch and other China Lake
pilots saw the writing on the wall, particularly in terms of the incompatibility of
conventional weapons designed for limited war with high-speed attack aircraft
designed for nuclear weapons delivery.

As a result, two systems were developed at China Lake that sprang not
from the fertile minds of China Lake’s scientists and engineers nor from the
conference rooms at the Bureau of Naval Weapons nor from the hallways and
admiral’s offices in the Pentagon. These systems—the Banded Bomb System
and the Multiple Carriage Bomb Rack—were conceived and developed by the
military personnel at Armitage Field.

One obvious shortcoming of the early jets (to the pilots) was the ordnance-
carrying capacity. The aircraft had been designed to carry heavy nuclear
bombs or large air-to-surface missiles, such as the AGM-12 Bullpup, so each
weapon pylon—the points of attachment for a weapon to the aircraft, usually
on the center fuselage and under the wings, also called hard points—could
accommodate only a single weapon. The FJ-4B, for example, could carry 6,000
pounds of ordnance but had only four underwing pylons. The A4D had three
external storage points, but one had to be used for carrying fuel. Banded bombs
were as simple as the name implies. Three Mk 80-series conventional bombs
were locked together with two metal straps, and these straps were attached to
140

the pylons with pylon-lugs.

140 The Mark 80 bombs are GP (general-purpose) blast/fragmentation bombs. They
include the Mk 81 through 84 with nominal weights of 250, 500, 1,000, and 2,000
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Excerpts from
Commander
Gary Palmer’s
letters from
Yankee Station
discussing tactics
and problems
encountered in
operational use
of China Lake-
developed systems.

pounds. About half of the bomb weight is explosive filler. GP bombs are distinguished
from special-purpose bombs such as cluster bombs, fire bombs, fuel-air-explosive bombs,
penetrator bombs, etc.
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FJ-4B aircraft carrying banded bombs, NAF Tower in the background, 1959.

“Where the FJ-4B could carry a maximum of four bombs without the
strap arrangement, with the metal strap concept we would increase that total
to twelve,” said Fitch.

That banded bomb solution was accomplished by the NOTS ordnance shop
[Ordnance Department, NAF], them alone, but I did the test flying to prove
that it worked. The NOTS folks were fabricating the steel bands, banding the
bombs, putting three banded bombs on each pylon of the FJ-4B.'!

The bands were designed to separate from the bombs on release, so that the
bombs would fall individually. In one low-altitude test using three 250-pound
bombs, the bomb impact points formed an isosceles triangle 40 feet across the
base and 70 feet to the apex.!*?

Major Knowlton P. “K. P” Rice came to VX-5 at about the same time
as Fitch. The two Marines, with the support of VX-5 Executive Officer
Commander Dale Cox, invented a device that turned the A-4B aircraft (at that
time designated the A4D-2) into a close-air-support system that fairly bristled
with conventional ordnance and that would become the Navy’s workhorse light
bomber in the early years of the Vietnam War.!43

141 Fitch interview, Marine Corps Oral History Program, 141.

142 Technical Program Review 1958, 114.

143 Rice, who Fitch characterized in his 2006 interview as “an absolutely brilliant man”
also developed a rear-view mirror for the A-4 (to observe contrails, which would make the
aircraft more detectable). He and another Marine, W. H. Beckett, developed the concept
for the OV-10A Counter Insurgency Aircraft, which later became the OV-10 Bronco.
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The A-4, according to Fitch:

... was not much of an aircraft when it came to thinking about conventional
weapons delivery. The A4D-2 in 1958 had three bomb stations, which were
a centerline Aero 7A pylon, and an Aero 20 pylon on each wing. A pilot had
his choice, where he could carry a high-explosive bomb on each of the three
pylons on the A4D-2 (A4B) for a grand total of three bombs for close air
support or he could carry a centerline 150 or 300 gallon external fuel tank
along with one bomb on each wing station for two HE bombs, or he could
carry two 150 or 300 gallon drop tanks on the wings for deep strike and have
a one bomb delivery. As a conventional bomber in 1959, the A4D-2 was
pathetic.!%

Fitch and Rice conceived of the Multiple Carriage Bomb Rack (MCBR),
which would fit on the existing single-bomb pylons of the A-4. They scrounged
Aero 15 bomb racks from a wrecked AD Skyraider propeller aircraft at “the

VX-5 A-4 aircraft with Multiple Carriage Bomb Racks loaded.

Following a tour in Vietnam during which Rice earned a Distinguished Flying Cross and
several other decorations, he would serve another tour at China Lake as USMC Liaison
Officer, 1967-1969. He currently heads Volante Aircraft Co.

144 William Fitch, “Development of the Multiple Carriage Bomb Rack,” 11 Nov 2006,
www.skyhawk.org/2c/adparts/mebr.html, accessed 30 July 2009.
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junk yard dump where they parked the wrecked aircraft at China Lake” and
requisitioned channel iron and steel tubing. As Fitch recalled:

The squadron metal-smiths then got busy, assembling the first MCBR which
would go on the centerline of the A4B. With torches they would cut the
channel iron and then they would weld the pieces in the right place, according
to the scheme K. P. and I had given them.

Stepper switches allowed the pilot to select which bombs would be released
from the rack: singles or salvo. On 30 September 1959 Fitch made the first
flight with the MCBR.!®

A Marine weapons meet was scheduled for Marine Corps Air Station,
Yuma, in December 1959. This was a high-visibility competition of naval
and Marine aviators. Among the visitors would be Vice Admiral Robert Pirie,

Assistant CNO for Air Warfare.!4¢

The meet would also include a fire-power demonstration. Fitch talked
with the meet coordinators and got on the schedule.

When I flew by the stands and turned the belly up to the crowd [displaying
not 3 but 16 bombs on his MCBRs] Vice Admiral Pirie was reported to have
said (by the Weapons Meet coordinator) words to the effect of “We are going
to buy that.” After the fly-by the stands, I did the low-angle loft maneuver as
planned, with ten bombs in the air, and then I delivered the six Mk 81 off the
centerline MCBR in a skip bombing run. Everything worked to perfection.'?

The following year, Douglas Aircraft Corp. was given a contract for 2,000
bomb racks based on the MCBR. On 25 February 1964, Fitch, Rice, and Cox
were awarded U.S. Patent No. 3,122,056, “Multiple Carriage Bomb Rack.”
When Fitch left China Lake in 1960, he was replaced by Captain Hal W.
Vincent. One of Vincent’s projects was to demonstrate the capability of the
F-4 to deliver a single Mk 28 (later B28) nuclear bomb. He was soon assigned
Project OV5 (the predecessor of Powell’s Project OV28) for “development of
tactics and delivery for conventional weapons.”

145 Ibid.

146 Interestingly, the Light Jet Attack competition at the Weapons Meet that year was
won by a team from VA-56: Cdr. Larry Walker, Lt. (j.g.) Tony Tambini, and alternate Lt.
(j.g.) Edward E. Luetschwager. All three would later serve in the NAF Projects Department.
147 Fitch interview, Marine Corps Oral History Program, 150. Fitch would eventually
rise to the rank of lieutenant general. His career accomplishments included serving as the
Commanding General of the First Marine Air Wing and as the Marine Corps’ Deputy
Chief of Staff for Aviation. Among his numerous decorations were the Silver Star Medal
awarded for a single-plane A-6A night-attack mission against a target in Hanoi, North
Vietnam. Fitch said China Lake offered “one of the best tours in my Marine Corps
career.
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Lieutenant Colonel Thomas H. Miller, Jr., in his F-4 aircraft with VX-5’s MCBRs
carrying 5Y2 tons of bombs, 1961.

One day, as a joke, he hung one of the A-4’s MCBRs on the centerline
of the nuclear-weapon-capable F-4. A photograph was taken, it began to
circulate, and the next thing Vincent knew queries were coming in about the
new “capability.” The machine shop got busy and soon an MCBR was cut in
half, wiring was installed, and a triple ejector rack for the F-4 was the result.

Vincent soon received a call from a fellow graduate of the Air Force Fighter
Weapons School who wanted to “borrow” some of the racks to show off the
Air Force’s conventional capability. Vincent checked with his boss, VX-5 skipper
Captain Karl S. VanMeter, and the question was rapidly escalated to Vice Admiral
Pirie’s level. Pirie said no and explained, as Vincent recalled, that “the Naval
Service was going to put on a show with the new conventional weapons and racks
that would show the world who had the conventional weapons capability.”14®

Lieutenant Colonel (later Lieutenant General) Thomas H. Miller, Jr.,
R&D project officer for the F4H-1 (later the F-4B) picked up the story:

I received a call from Admiral Pirie to go to Edwards and pick up F4H-1F
(Bu. No. 145310) which had been fitted with some unconventional bomb
rack mounts, and fly it first to St. Louis so the MAC plant could check over
the installation, and then fly it to Cherry Point to put on a maximum bomb
drop demonstration for the Air Force TAC Commander. I arrived at Cherry

148 Maj. Gen. Hal Vincent, USMC (Ret.), email to the author, 7 May 2008.
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Point on 21 April 1961. The plan called for a maximum bomb load drop of
22 500-pound bombs on the Camp Lejeune target range on 25 April 1961.

That flight and a subsequent demonstration the next day “went off without
a hitch.”1%

Tactical air power demonstrations such as these, before audiences that
included congressional representatives and dignitaries such as General Curtis
LeMay, helped to convince Washington and Pentagon decisionmakers of the
utility of conventional weapons and the potency of the weapons systems—and
delivery techniques—being developed at China Lake.

The value that NAF and VX-5 pilots and aircrews added to the weapons
created at China Lake cannot be overstated. By risking their lives in the sky over
China Lake, the aviators refined weapon designs, suggested improvements,
detected flaws, developed effective delivery techniques, and, when a weapon
was proven ready, finally gave the stamp of approval for its use in combat.

Their work was no less dangerous than that of their fellow pilots who flew
in combat—and through the 1960s, most of the NAF and VX-5 aircrews saw

combat before or after their tours at China Lake.

Military and civilian teamwork at NOTS had a collateral benefit for the
Station’s programs—any naval officer or enlisted person who served at NOTS
learned first-hand the unique culture and capabilities of the Station and carried
this knowledge back to the operational forces. The Station’s reputation for
having a Fleet-first attitude and a practical approach to solving Fleet problems
was reinforced through frequent visits by NOTS technical personnel to
operational units stateside, on the ocean, and overseas.

Another important military link between NOTS and the operating forces
was the Experimental Officer (later Technical Officer), a military position
born of a relationship that predated NOTS’ establishment. When Dr. L. T. E.
Thompson, NOTS’ first Technical Director, was Chief Scientist at the Naval
Proving Ground, Dahlgren, from 1923 to 1942, he worked closely with young
naval officers who had been assigned there for postgraduate ordnance training.
From 1939 until he left Dahlgren, Thompson reported to Commander (later
Rear Admiral) William S. “Deke” Parsons, Dahlgren’s Experimental Officer.
Rear Admiral Sherman E. Burroughs, NOTS’ first Commanding Officer, said
of Thompson and Parsons, “They were both pioneers in developing a good
military-civilian relationship based on mutual respect.”**

149 Lt Gen. Tom Miller, quoted on the website of Lt. Col. Donald Edward Cathcart,
USMC (Ret.), http:/fwww.mofak.com/Jet_Air_to_Mud_Arms.htm, accessed 30 Jan 2010.
150 TMP 366, “The Founding of NWC,” China Lake documentary film, 1973, excerpted
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Parsons was not only a military officer but also a gifted scientist—he had
worked with Dr. Vannevar Bush in development of the radar proximity fuze and
headed the Ordnance Division at Los Alamos during the Manhattan Project. He
had also been the weaponeer and bomb commander on the Enola Gay when it

dropped the atomic bomb on Hiroshima on 6 August 1945.

Based largely on the success of their working relationship at Dahlgren, both
Parsons and Thompson believed that their model of a military scientist acting as
liaison with civilian scientists could be similarly effective at the new Station in
the desert. The relationship was enshrined in the NOTS Principles of Operation,
approved by Admiral George E Hussey, Jr., Chief of the Bureau of Ordnance, in
1946. Commander John T. “Chick” Hayward was selected as the Station’s first
Experimental Officer, serving in that capacity from 1944 to 1947."!

The Experimental Officer, located organizationally on the Commander’s
staff, had a staff, usually of commanders and lieutenant commanders. In 1961
the position of Experimental Officer was disestablished, and its primary function
of providing liaison between the Station and the Fleet, as well as between the
Station and Washington policy makers, was divided between the two newly
established military advisory functions of Plans and Operations Officer and

Technical Officer.!
A comprehensive 1981 study of the Experimental Officer/Technical Officer

position observed that:

The role [of the Experimental/Technical Officer] clearly is to be the NWC
interface between operations in the Fleet and the scientist developing weapons
at NWC. Execution of this role varies with the personality and aggressiveness
of each individual officer.’>

As the years passed, the influence of the position was eroded, its power
became more circumscribed, and its mission grew less specific and more
cluttered with ancillary duties. Indeed, when the title of Technical Officer was
changed to Deputy Laboratory Director in 1977, no functional statement for
the position was included in the Organizational Manual. As the importance
of the position waned, those selected in Washington to fill the slot were not of

in “Pictures of Us II, Episode 1. A Station Having For Its Primary Function . . .,” China
Lake, Video Projects, 2007. In 1948 the title of NOTS’ senior military officer changed
from Commanding Officer to Commander.

151 “NOTS Principles of Operation” as approved by BuOrd, 21 Oct 1946, reproduced as
Appendix F, Grand Experiment at Inyokern, 403—404.

152 NOTS Command History 1961, 4.

153 Frances Matthews and Mary Mclntire, History of the Experimental/Plans & Operations/
Technical Officers/Deputy Laboratory Directors at the Naval Ordnance Test Station/Naval
Weapons Center (NOTS/NWC), TS 85-38 (Draft), Oct 1981, 8.
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the caliber of the earliest NOTS Experimental Officers. Dr. Richard E. Kistler,
head of NOTS’ Office of Finance and Management, summed it up:

In earlier years they were just about always Annapolis graduates and five of the
first six made admiral. In later years, they are seldom Annapolis graduates and
they don’t make admiral.!>*

Several of the men who held the slot advanced to positions of power and
influence in the Navy. Foremost was four-star Admiral Thomas H. Moorer
(Experimental Officer from 1950 to 1952), China Lake’s highest ranking
military alumnus. He served as commander of both Atlantic and Pacific Fleets,
as Chief of Naval Operations, and, from 1970 to 1974, as Chairman of the
Joint Chiefs of Staff, the nation’s senior military officer.

Four other Experimental Officers reached the three-star rank: Vice Admirals
John T. Hayward (1944-1947), Jack P. Monroe (1949-1950), Thomas E
Connolly (1952 to 1954), and Thomas J. Walker III (1954 to 1955). Captain
Carl O. Holmquist (1961 to 1963) attained the rank of rear admiral and served
as Chief of Naval Research in the early 1970s. (Captain Vincent P. dePoix,
a NOTS project pilot, went on to become a vice admiral and to direct the
Defense Intelligence Agency.)

Although NOTS was a military base, most of the Station Commanders
were wise enough not to try to impose the same level of “militaryness” found on
most military bases—even those with a large civilian component. Fred Nathan,
a Central Staff administrator, was for many years NOTS’ organizational
communications officer. On several occasions he was invited to speak at the
Army Management Engineering Training Agency in Illinois, a management
school for both military and civilian employees. He recalled:

I was always struck with the fact that these were middle and senior managers
attending the seminars—almost all from military activities—and they seemed
really astounded that an activity, a military activity, would countenance
the kind of openness, the kind of bottom-up communication, the kind of
permissiveness—in a constructive way, I think—that was permitted here.'>

NOTS Commanding Officers were also in a position to support the
Station during their later careers. While for certain officers, NOTS was their
final tour—“lame duck COs,” Newt Ward called them—others went on to
hold influential positions in the Navy years after their NOTS tours.!*

154 Memo 08/REK:rs/58a, 08-0296-82, R. E. Kistler, Head, Office of Finance and
Management (Code 08) to Technical Director, “Role of Technical Officer,” 12 Nov 1981,
in Matthews and Mclntire, TS 85-38, 8.

155 S-192, Frederick M. Nathan interview, 17 July 1991, 6.

156 S-94, Ward interview, 19.
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Captain P. D. Stroop, for example, who commanded NOTS from 1952 to
1953, was the first head of the Bureau of Naval Weapons when it was formed
in 1959 and commanded Naval Air Forces, Pacific Fleet, from 1962 to 1965.
He retired as a vice admiral. Captain Frederick L. Ashworth, Commander of
NOTS from 1955 to 1957, also made three-star rank and commanded the
Sixth Fleet from 1966 to 1967."7

Not to be overlooked in the group of military alumni who helped NOTS
is Levering Smith, who came to NOTS as a commander in 1947. He served in
various positions, including department head and Associate Technical Director,
until 1954, then went on to lead the Polaris Missile Program and to become
a vice admiral. It is to him that the Station owed many of its assignments in
support of the Special Projects Office, as well as funding to support numerous

projects and facilities."®

The senior NOTS military alumni maintained their knowledge of what
was going on at the Station through both formal and informal contacts with
China Lakers. Lillian Regelson wrote that on one visit to Washington:

I ran into Tom Connolly (then Deputy Chief of Naval Operations (Air
Warfare)) in the hall in the Pentagon. He asked me to make a presentation
to his staff. He introduced me by saying, “Just because she’s wearing a skirt,
don’t assume she doesn’t know a lot more about this than you do, because she

does.”!>?

Operations Evaluation Group

Another reason for the success of China Lake’s weapon-development
programs was a little-known organization called the Operations Evaluation
Group (OEQ), later the Center for Naval Analyses. In the dark days of 1942
when German U-boats were decimating Allied shipping in the Atlantic, OEG
was established as the Anti-Submarine Warfare Operations Research Group.
OEG comprised civilian scientists, most from MIT, who pioneered a field
called operations research and analysis, which has since become one of the

157 Ina 1975 interview, McLean observed that the officers who “moved up best are the ones
who came as Experimental Officers at China Lake. See, the Experimental Officer comes
in without having to take the responsibility for the laboratory, whereas the Commanding
Officer has to take the credit for both the progress and the mistakes.” S-97, 38-39.

158 1In Magnificent Mavericks, 479-480, Babcock wrote, “Throughout his distinguished
naval career, he sent work to China Lake and supported that work with the necessary
funding. As technical director of the Polaris Missile Program, he also sponsored underwater-
launch test facilities at San Clemente Island and the Skytop propulsion-test stand, the
nation’s largest static test facility, at China Lake.”

159 Regelson email to the author, 13 Nov 2008.
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central disciplines used in military planning and complex problem solving.
While arcane definitions of “operations research” abound, Kistler explained it
simply:
A major part of most practical operations research studies consists of
identifying the real problem (as contrasted with what the problem is initially
believed to be), describing the problem in a logical context, and collecting

information needed to put the description in quantitative form. Once these
steps are completed, the actual solution may often be straightforward.’®

OEG not only provided analytical assistance to the field units but also
furnished the Secretary of the Navy, the Chief of Naval Operations, and the
Marine Corps with information that was critical to top-level decisions as well as
for planning the weapons, tactics, and capabilities to meet mission requirements.

Phil E. DePoy, after completing a master’s degrees in nuclear engineering
at MIT, joined OEG in 1959. At that time, OEG had representatives serving
one- and two-year tours with all Fleet commands as well as with each of the
air development squadrons. In 1960 DePoy was assigned to VX-5, working
directly for the squadron’s commanding officer while keeping OEG apprised of
the analyses he was doing. When DePoy arrived at China Lake, the Station had
been working on its new conventional weapons programs for about a year, and
Lillian Regelson soon briefed him on the Eye series. He shared an office with
Major K. P. Rice and worked closely with Captain Bill Fitch, who was running
VX-5’s conventional weapons project.

DePoy’s job was essentially to be an analytical “hired gun.” Sometimes the
commanding officer would assign him a task, other times he would identify
an issue in development or testing that required his skills and would offer his
services.

For example, in 1960 VX-5 was still focusing most of its efforts on
nuclear delivery tactics. One big question was the likelihood of flash blindness.
“In nuclear delivery, if other weapons are going off in the area while you're
delivering, you'd be blinded for a long enough period that you would probably
not be able to control the plane,” said DePoy.

He tackled the problem, which involved a computer model of the likelihood
of an attack pilot getting flash blindness while delivering nuclear ordnance in
various areas of the Soviet Union. Rice, who subsequently developed a “buggy
top” thermal shield for the A-4 aircraft that would prevent flash blindness, was
an engineering genius, according to DePoy.161

160 Dr. Richard E. Kistler, “On Operations Research,” News and Views, July 1967, 7.
161 S-278, Phil E. DePoy interview, 24 Nov 2008, 10; DePoy review comments, 10 Aug
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NOTS’ hectic pace of conventional weapons development entailed a lot of
flight testing, so another task that occupied DePoy’s time was designing tests to
extract the maximum amount of information from each event. In the process,
he developed a familiarity with conventional weapons that was probably unique
among his OEG peers and that would stand him in good stead later in his career.

In 1961 DePoy left China Lake for a yearlong tour in Washington. The
next year OEG was merged with two other Navy analysis groups to form
the Center for Naval Analyses (CNA). In 1963 DePoy was assigned to the
7th Fleet to work for Commander, Task Force 77, in the Western Pacific. He
remembered that:

They were making a transition at that time from nuclear delivery to
conventional and of course there was the buildup in Southeast Asia. So almost
immediately I got involved in planning strikes and of course I was with them
when we started making attacks in Laos in late 1963 and in Vietnam after the

Tonkin Gulf incident.'¢2

It was on that tour that DePoy saw unanticipated ramifications of the Navy’s
increasing emphasis on conventional weapons. Aboard Kitty Hawk he ran into a
warrant officer named Max Gunn, whom he'd known at China Lake.

Gunn was concerned about the ship ordnancemen’s lack of skill with
loading conventional weapons on aircraft, after years of working almost
exclusively with nuclear ordnance. Compounding the problem was a safety
restriction for aircraft carriers that forbade the loading of conventional ordnance
(except the Sidewinder air-to-air missile) unless it was fired or dropped; training
opportunities for ordies were nonexistent.

Rear Admiral Tom South, commanding CTF 77, agreed to submit
a request for waiver to the BuWeps to allow the crews to load and unload
conventional ordnance. The waiver was granted, and the first training exercise
for loading, fuzing, and unloading live conventional ordnance was scheduled.
DePoy recalled that:

The word got out on the ship and created a terrible turmoil, as often happens
on ships. I remember a rumor got started that Jeane Dixon, a well-known
psychic, had predicted that a major U.S. ship was going to have a terrible
explosion that day in the Far East. These types of rumors arise frequently on
ships, they get around. So I went to the admiral and I told him about the
rumor and I asked ‘Do you think we should delay it?” and he said, ‘No.” He
said, “You never pay attention to these things,” so we went ahead with it.

2011.
162 S-278, DePoy interview, 12; and review comments.
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The exercise did not go smoothly.

Even with relatively few numbers of aircraft we were loading, it took us
probably 4 or 5 hours, and it was a mess . . . I watched ordnancemen who
didnt remember ever putting a fuze into a conventional weapon and they
would be assuming right-hand threads and of course they were left-hand
threads, and oh, it was just a mess.

But the ship’s crew persevered.

We started doing this regularly. We started having these drills, not daily but
probably two or three times a week, and we gradually worked it up and were
doing more types of ordnance and more planes at a time. Then the admiral
ordered the other two carriers in his command to start doing the same thing,.
It was a real blessing because a month or two later we were launching actual

strikes. And the credit goes entirely to Max Gunn!'®?

The use of conventional weapons continued through 1964 and escalated
sharply after the Gulf of Tonkin Resolution in August. With the increased
usage, problems began to arise with some weapon systems that had been neither
foreseen in development nor noted in operational testing.

To resolve these problems, Admiral Moorer, then Commander in Chief,
Pacific Fleet, and his staff visited China Lake on 4 September 1964. At about
4 p.m., after a day of briefings and discussions, one of Moorer’s staff suggested
they should wrap up discussions because they went “wheels in the well” at
5 p.m. The admiral responded that “he didn’t think the plane would leave
without him,” so the discussions continued. Once a course of action had been
outlined, Knemeyer assigned Peggy Rogers carry out the task.!*

The following month, Rogers and McLean flew to Hawaii where they met
with Moorer’s staff. Also in attendance were Lillian Regelson, Captain Ray
Powell from VX-5, DePoy and a Seventh Fleet officer, and representatives from
BuWeps. After a week of meetings during which problems were presented—
“We had a list, pages of items that we came back with,” DePoy recalled—
and solutions were proposed, the China Lakers returned to the Station with
their marching orders. “China Lake followed up and got a lot of these things
corrected for us,” said DePoy.!®

Another purpose of the meeting, according to Ray Powell, was to help
Moorer’s staff write a 20-page message to CNO “establishing Fleet weapons
developmentand improvement requirements and priorities.” The CNA analysts,

163 S-278, DePoy interview, 14-15; and review comments.
164 Frank Knemeyer review comments, 16 Aug 2011.
165 §-278, DePoy interview, 17.
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China Lake scientists and engineers, CINCPACFLT military planners, and
a VX-5 project pilot represented a powerful combination of disciplines and
perspectives to bring to bear on that task.!%

CNA and China Lake maintained close ties, unsurprising considering
that CNA’s work was similar to that of the Station’s Weapons Planning Group.
Frank Bothwell, who as head of Code 12 played a prominent role in developing
the Polaris concept, left China Lake to serve as CNA Chief Scientist in 1963.
In 1965, when the offices of Chief Scientist and CNA Director were merged,

Bothwell was chosen for the post.'¢”

Don Witcher, who became Code 12’s program director for antiair studies
in 1969, had previously spent 5 years as director of CNA’s Systems Evaluation
Group. Robert A. Blaise, assistant head of the Propulsion Development
Department and technical assistant to Hack Wilson, left China Lake to join
CNA in 1964. Dud Colladay, who headed Code 12 from 1959 to 1965, also
left China Lake for a position with CNA. Captain Frederick A Chenault,
NOTS Executive Officer from 1955 to 1958, spent his final military tour as
CNO project officer for CNA’s Fleet Anti-Air Warfare Study. He returned to
China Lake as a civilian employee in 1966 and retired in 1973 as the head of
the Systems Development Department.

DePoy would go on to become president and chief executive officer of
CNA from 1984 to 1990. He has been a CNA trustee since 1992. Although
little publicized, the analysis work of OEG and CNA enhanced the suitability
and quality of China Lake products.

Today CNA’s mission statement echoes China Lake’s principles of Fleet
support:

At CNA we analyze and solve problems by getting as close as possible to the
people, the data, and the problems themselves in order to find the answers of
greatest clarity and credibility—all to help government leaders choose the best
course of action.!'®

Through the 1960s, as today, the quality of China Lake’s products could

not be ascribed solely to the experience and courage of the Station’s military

166 Ray Powell, email to the author, 28 May 2008. Powell also noted, “It was a
career highlight for a young Marine captain to have the opportunity to work and be
associated with these legends 8-10 hours a day for an entire week. Having dinner
at Hawaiian Bar with Peggy Rogers was most enjoyable and highly entertaining
... With her super intellect, great sense of humor and hot temper, she was truly one of a
kind.”

167 Keith R. Tidman, 7he Operations Evaluation Group, Naval Institute Press, 1984, 250-251.
168 CNA website http:/fwww.cna.orglabout/cnal, accessed 30 March 2010.
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contingent nor solely to the technical acumen of scientists, engineers, and
analysts. It was rather the orderly fusion of the two complementary yet
dramatically different military and civilian cultures—the coming together of
what Colvard called “the vision of the art and craft of war and the knowledge
of the laws of physics”—that resulted in weapons that have been the mainstay
of naval aviation for more than 70 years.'®

169 Dr. James Colvard, “Heritage and Horizons,” keynote speech at the China Lake
Legends Dinner, NAWS China Lake, 11 March 2009.
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Here we had a naked Navy; they didn’t have much of anything.

Frank Knemeyer, on the need for an antiradiation weapon'

Naval warfare is a game of one-upmanship. Increases in the range and
accuracy of naval guns in the late 1800s led to the development of superior
armor. Germany’s use of submarines in WWI led the British to develop the
depth charge. Axis mines and barbed-wire beach obstacles intended to deter
Allied amphibious attacks during WWII were countered with Bangalore
torpedoes. And beginning in the late 1940s, the proliferation of radar-directed
guns and missiles among adversaries and potential adversaries led NOTS to
begin development of technology pertinent to the Shrike antiradiation missile.

Shrike Missile AGM-45A on VX-5 A-4E aircraft, Armitage Field, China Lake, 1965.

1 S-124, Knemeyer interview, 11.
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When the ability to detect metallic objects by bouncing radio waves
off them was demonstrated experimentally in 1904, it seemed a technology
perfectly suited for naval applications. After all, ships were metallic objects,
often colliding at sea or running aground on rockbound coasts, particularly at

night.

In 1922 the Naval Aircraft Radio Laboratory (forerunner of NOTS’ sister
lab, the Naval Research Laboratory), demonstrated the first primitive radar
system in the U.S. (The word “radar” comes from a 1940 Navy acronym for
Radio Direction and Ranging.)

By the early 1930s, radar was moving out of the laboratories and into
practical applications, and at the start of the Second World War, every major
combatant had some capability for radio detecting, locating, and ranging.

Because of the extraordinary military potential in radar, staggering
amounts of resources were expended to improve and refine radar and radar
countermeasures during WWII. Among the radar systems introduced during
the war were search radars, tracking radars, fire-control radars, antiaircraft gun-
laying radars, and that marvel of technology, the tiny radar-proximity fuze.

In 1942, the National Defense Research Committee began development of
the United States’ first air-launched radar-guided weapon, an antishipping glide
bomb conceived at the National Bureau of Standards. Called Pelican (official
designation Special Weapons Ordnance Device (SWOD) Mk 7), the weapon
could be fitted with a variety of bombs and was designed to be dropped from
a launch aircraft carrying AN/APS-2 radar. The plane’s radar would illuminate
the ship target and Pelican would home on the reflected signal. The program
was terminated in 1944.

Radar-guided weapons fall into one of three categories: passive, which
home on an enemy radar’s signal; active, which home on a signal that has been
transmitted from the attacking weapon itself and reflected back to the weapon
from the target; and semi-active, which home on a radar signal reflected from
the target by a third-party radar (often from the launch aircraft). Pelican was a
semi-active weapon.

A later version of SWOD, the SWOD Mk 9 (called Bat because its active
radar homing capability was analogous to a bat’s sonar homing), saw use in the

Pacific against both ship targets and land targets in 1945. It was designated
ASM-2 and later ASM-N-2 but was abandoned not long after the war.

2 Parsch, Directory of U.S. Military Rockets and Missiles, http:/fwww.designation-systems.net/
dusrm/app 1/swod.html#_SWOD7, accessed 24 Sept 2009.
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Moth, a 650-pound antiradar homing bomb, circa 1945. This Pelican airframe

has been converted to a Vulture antiaircraft target. Many of these targets were

subsequently converted to Moths by installing antenna and radar receivers tunable to
the frequency of a threat radar emitter.

Moth, the nation’s first radar-guided defense-suppression weapon, was
also developed during WWII, initially by the Navy and later by the Army Air
Corps, using airframes left over from the cancelled Pelican program. Designed
to guide on the radio-frequency (RF) signal emitted by the German antiaircraft
radars, Moth was a passive-homing weapon. It required the cooperation of the
target to achieve a kill—but not necessarily to achieve success.

True, if the target radar shut down, Moth had no signal to guide it.
However, by shutting down, the radar could no longer supply directional
information to the antiaircraft guns, so in that sense the weapon satisfied its
defense-suppression mission even though it caused no damage. Like Pelican,
Moth was terminated by the Navy before reaching operational capability.

In tandem with the development of offensive radar weapons, defensive
systems were strongly supported as well. Frederick Emmons Terman left his
faculty position at Stanford in 1942 and relocated to Harvard University where
he organized and led the 800-person Radio Research Laboratory. The RRLs job
was to develop radar countermeasures, and according to one report, the 150
countermeasures developed at RRL (including chaff, metallic strips that return
a decoy signal to radar) saved more than 800 Allied bombers. By the end of
WWII, the radar game of cat and mouse, of measure and countermeasure, was
well under way.?

3 Dawn Levy, “Biography revisits Fred Terman’s roles in engineering, Stanford, Silicon
Valley” (review of Fred Terman at Stanford: Building a Discipline, a University, and Silicon
Valley, by C. Stewart Gillmor), hetp://news-service.stanford.edu/news/2004/november3/
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Commander
William J. Moran
arguing his case to
Haskell G. Wilson,
circa 1955.

In the Korean War, radar-directed antiaircraft guns were a serious threat,
taking their toll on United Nations (primarily U.S.) air forces. In early 1952,
Time magazine reported:

The enemy has large numbers of big, radar-directed AA guns, 88- or 85-mm.
(and possibly a few long-range 120s or 155s; U.S. Sabre jets have occasionally
reported flak burstsabove 30,000 ft.). . . . and he has radar-directed searchlights,
which can hold a night-flying U.N. plane transfixed.

Bill Moran, before returning to China Lake in 1955 for his second tour
(as senior experimental officer for air-to-air weapons), had been assigned to a
carrier-borne jet night-fighter squadron. The squadron flew the F2H-3 Banshee,
which carried a single nuclear weapon and which had eight rocket rails on its
wings. The F2H-3, known as a penetrator, was assigned to penetrate the Soviet
Union’s air defense network in very-low-level flight and carry a nuclear payload
to its target. Moran recalled that:

We used to do quite a little pre-planning and “what if” planning to know
what the problems would be, and I began to be impressed with the number
of air-defense radars that were to be found in any parts of the world where
the Soviet Union had interests. Something like 3,000 of them in the whole
inventory. . . . If you had just a Sidewinder-size missile with the radar-homing
seeker, it would hear and sense a radar—and in those days all the penetration
flights were right on the ground—if you heard something that tracked you
and locked on, you could pull your nose up a few degrees and release a weapon
in that general direction and just keep right on going because you were going
to keep on going anyway, and you may drive him off the air or damage or

Terman-1103.html, accessed 9 Feb 2010.
4 “Battle of Korea: Deadly Flak,” 7ime, 11 Feb 1952, 36.
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even destroy the radar. And the principal function that I saw with that was as
a penetration aid.’

He talked to the “guys in the radar business” at China Lake who were
then working on the SARAH, the Semi-Active Radar Alternate Head model
of Sidewinder, but they were too busy to devote much attention to developing
Moran’s concept. In 1958 he brought the idea to Barney Smith, who had just
become head of the Weapons Development Department (Code 40) when
Howie Wilcox took over the Research Department.

Moran told Smith, “Even though there’s no requirement for it in
Washington, if were going to get into this nuclear-delivery business in
the future, you're just going to have to have some kind of help to increase
the probability of getting there and kind of hold your attrition during the
penetration phase down to something acceptable.” Smith agreed, then,
according to Moran, said, “Well, Bill, if you really want to do that, why
don’t we do it in my department?” Moran hesitated. The radar missile work
(SARAH) was being done in Dr. Thomas S. Amlie’s division in the Aviation
Ordnance Department (Code 35).°

“I know how I'm going to start,” Moran continued. “I'm going to go over
and talk to the Technical Director and tell him that we've been talking about
starting a guided-missile development program in the Weapons Department.
That’s going to get all the people in the organization charts upset, but I'd kind
of like to do it.” Moran got the green light. As he recalled:

McLean was tickled to death. He just loved to work that way. If there was a
thing worth doing, he'd like to have four or five people working on it separately.
Competition meant that you were combing through the best of the lot of the
brains, and you're going to get slightly or substantially different answers, and
you may end up getting the best answer to pick out of several.

Leonard T. “Lee” Jagiello, head of Code 40’s Aeromechanics Division, was
selected to head the technical team that would develop Moran’s concept. When
he and Moran went back to BuOrd to seck funding, they were in luck. In 1957
Leroy Riggs, a branch head in Jagiello’s division, had gone back to Washington
on a temporary assignment to BuOrd as assistant for engineering (air weapons).

With Riggs’ help, Moran and Jagiello persuaded Captain Stanley W.
“Swede” Vejtasa, head of Air Weapons, and Captain Edward A. “Count”
Ruckner, BuOrd’s Assistant Chief of R&D, to fund an antiradar missile

5 S-187, Moran interview, 17.
6 Ibid, 18-19. Amlie, who had come to the Station in 1952, would become China Lake’s
fourth Technical Director (1968-1970).
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feasibility program for a year, to the tune of $250,000. When Riggs returned to
China Lake in 1958, he took over as ARM program manager.”

Comparing the ease of acquiring funding for what would become Shrike
with the difficulties of funding the High-Speed Antiradiation Missile (HARM)
in the 1970s, Frank Knemeyer commented, “It was a lot easier to sell Shrike
because there was a total void for that kind of a weapon system . . . . Here we

had a naked Navy; they didn’t have much of anything.”®

Competing Antiradar-Missile Programs

At the earliest stage of its existence, China Lake’s antiradar program—then
known simply as ARM, for antiradar missile—faced two competing programs.
One, in the Air Force, was called Rascal. The other, funded by the Navy, was
known as Corvus.

Rascal, developed in the 1940s for the Air Force by Bell Aircraft Corp., used
a command-guidance control system (with the weapon’s flight controlled by an
operator in the launching bomber via an RF link with the weapon). In its original
version Rascal was 32 feet long and 12 feet wide, a size too big to fit in the bomb
bay of any operational, experimental, or planned bombardment aircraft.’

Bell’s Rascal was plagued with technical problems. It could not meet the
Air Force’s requirement of a 300-mile range, so the range requirement was
reduced to 100 miles. Rascal carried a nuclear warhead, which always meant
increased complexity and expense. It was powered by a liquid-fueled rocket and
by virtue of its size had to be carried externally on a large bomber. After dismal
test results, Rascal was cancelled in September 1958.

Since 1953 NOL Corona had been working on a passive air-launched
weapon (threat-radar-guided) based on the WWII Bat glide bomb. NOLs
weapon Bat II (pronounced “Battu”) was flown several times between 1953
and 1956, with promising results. “We hit some targets with that,” said Fred
Alpers. “Those were the first successful flights, flights that actually hit the target
with an antiradar missile.” About 1956, when the Corona team began to write
specifications for the weapon, the name changed to Corvus.'

7 When Sputnik went up in October 1957, Riggs was double-hatted as the first technical
director of the quickly formed Astronautics Office. John Nicolaides would follow him in
that office when Riggs returned to China Lake.

8 S$-124, Knemeyer interview, 11.

9 Rear Adm. D. S. Fahrney, 7he History of Pilotless Aircraft and Guided Missiles, unpublished
manuscript, circa 1958, 1308. Coincidentally, a small-scale Rascal test vehicle, used to
resolve aerodynamic and other problems with Rascal, was designated Shrike.

10 S-118, Alpers interview, 19.
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The Naval
Ordnance
Laboratory’s
XASM-N-8
Corvus being
prepared for
test, circa

1958.

In 1957 NOLs work was incorporated into a much larger air-to-surface
missile, which the Navy contracted with Temco Aircraft Company (later Ling-
Temco-Vought Corp.) to design. (NOL also transferred some seeker hardware
to China Lake.) The Temco Corvus was more ambitious than NOLs original
concept. Like Rascal, Corvus had a nuclear warhead. As well as being a passive
radar weapon, guiding on the emissions from a threat radar, it was also an
antiship missile that could be guided in a semi-active mode by an illuminator
radar on the launch aircraft. The weapon incorporated a data link through
which it could receive mid-course guidance commands during the semi-active
mode until it was close enough to detect the target’s radar signals and switch to
passive mode.

Corvus also contained a simple inertial navigation system that was a safety
backup for the nuclear warhead. Alpers explained:

You could shoot it in a confined area and set the inertial system as a backup
and it would confine the missile. It was a pretty big box, 8 miles or something
like that, but it kept the missile from going completely off in another country.

The first test version of Temco’s Corvus was launched from an A-4D
Skyhawk at Point Mugu in July 1959. In its early tests, the missile showed
promise. “It flew actually on a successful flight test against a radar 165 miles off.
That’s never been equaled since then” said Alpers.!

Considerable infighting was taking place in the naval aviation community
over Corvus because other missiles—notably the Typhon surface-to-air
weapon system (forerunner of the Aegis system) and the Eagle air-to-air missile
(forerunner of Phoenix)—were also vying for funding. Weighing against

11 S-141, Frederick C. Alpers interview, 16 Nov 1982, 21.
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Corvus was the fact that it was complicated and very expensive. It was also
powered by a liquid-fueled engine, a characteristic looked on unfavorably in
weapons carried aboard aircraft carriers.

In 1959, in the words of an official Navy history, “The Navy terminated
the Corvus air-to-surface missile program in order to permit increased emphasis
upon other weapons systems offering a wider scope of employment.”!?

NOTS’ First Antiradar Missile

When Jagiello set up the ARM program in 1958, he had already lined
up some people with relevant expertise. Radio frequency technologists Robert
Etcheverry and Langthorne Sykes had worked on advanced nuclear fuzing for
the BOAR project. When BOAR began to wind down, Jagiello took the two
men into the Aeromechanics Division. Using the parts from NOLs Corvus,
they started developing an antiradiation seeker.

Also in Jagiello’s original crew was Steve Carter and Leroy Doig, Jr., who
worked the weapon system’s aerodynamics, and Albin Fojt and Jud Smith,
who ran simulations on the Reeves Electronic Analog Computer (REAC) and
performed weapon system analysis.'?

Carter, Doig, Fojt, Smith, and William B. Porter, who became Shrike
program manager in 1964, were all survivors from disestablishment of the
Station’s Ballistics Division. Years later Porter noted a difference between the
developmental approach with Shrike and that taken with the earlier in-house-
developed Sidewinder missile:

We were beginning to develop good simulation, hardware-in-the-loop
simulation . . . I think Shrike benefited from having more simulation work
done than had been done on the early Sidewinders.'

The original idea for ARM was to have a guidance system less sophisticated
in design than Sidewinders. “A very simple passive radar seeker and control
system was possible. Lock on their gun or missile-directing radars and get close
enough to damage the antenna, that’s all you had to do,” said Jagiello."

12 United States Naval Aviation 1910-1995, Part 9, “The Sixth Decade,” 239, htip://www.
history.navy.millavh-1910/PART09. PDF, accessed 12 Sept 2009.

13 REAC, purchased by China Lake in 1951, was the Station’s first computer for running
flight simulations and calculating aerodynamic characteristics. It contained some 3,000
vacuum tubes. Work with REAC was the foundation for China Lake’s later development of
sophisticated hardware-in-the-loop simulation facilities.

14 S-216, William B. Porter interview, Dec 1992 and March 1993, 30. Porter would go
on to be China Lake’s 12th Technical Director (1989-1992).

15 S-168, Leonard T. “Lee” Jagiello interview, 15 Jan 1988, 29.
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As McLean may have foreseen, Code 35 and Code 40 had conflicting
opinions about the best method of guidance for the new weapon. Amlie’s
group in Code 35 submitted a proposal for an ARM seeker using a free gyro
and proportional navigation (in which the external control surfaces that guide
the missile’s flight move a precise amount proportional to the degree of course
correction needed), a system similar to Sidewinder and SARAH. However,
using a gimbaled gyro meant moving parts in the seeker, which equated to
additional cost and complexity.

Code 40 opted for a simpler approach. Riggs recalled that he told Jagiello
(who had been the chief aerodynamicist for Sidewinder):

You did Sidewinder and for a maneuvering target where you have to really
pull all of these gs, Sidewinder is a beautiful airframe. But that damn radar’s
sitting down there stationary, or at most it’s going to be on a ship at 20
knots. Why do I want to have all this maneuverability and high-g capability?
... I can almost hit that radar down there, if I knew where it was, with an
unguided rocket, and you're trying to guide all the way and you're laying on
requirements of the seeker people of this high sensitivity in order to pick this
thing up miles and miles away to home oniit. . ..

Moran had suggested a weapon in the Sidewinder size (5-inch diameter).
Instead, an 8-inch-diameter missile body was selected, because state-of-the-
art RF technology required at least 8 inches for the antenna. Four moveable
cruciform wings were mounted about midway on the missile, near its center
of gravity. Beefed-up Sidewinder servos controlled the wings, but instead
of proportional control, the new ARM weapon’s servos worked on a more
rudimentary “bang-bang” principle. Riggs explained:

I'm not going to feed in a signal to the solenoid as a proportional control like
Sidewinder has to have. I'm just going to give it either a plus or minus signal
... and no matter how far off axis the target is, say to the right, that’s going
to be plus and I don’t care how much it is, you just ‘bang’ and hold it until it
goes to zero.'

Robert G. Corzine, who reported for work at NOTS on Valentine’s Day,
1958, had his first permanent assignment with the ARM program, where he
worked on the guidance antennas. He was soon joined by another newcomer,
Joseph A. Mosko. The two would become fast friends over the years and would
develop and patent several antennas, but at this point they were just youngsters
with their hands full of responsibility. As Corzine remembered:

16 S-136, Leroy Riggs interview, 18 and 19 June 1982, 58-59. In the course of his 27-year
career at China Lake, Riggs received the Navy Meritorious Civilian Service Award—the
highest civilian award the Commander can bestow—not once but twice.

185



The Station Comes of Age

We really did not have the necessary lab equipment to do everything we wanted
to do, and the people that were also doing RF work were Tom Amlie and his
SARAH group up in the tower at the north end of Michelson Lab. They had
a radar range, which I think was about the only one on base, that went across
the rooftop, and they would let me use their antenna facility whenever they
werent using it. . . . There was that kind of mutual thing that really made an
impression on me, how everybody wanted to help. And everybody would take
time; Tom Amlie was very interested in our project, and when I was up there
making measurements, he would sit down and discuss it with me if he was not
too busy.

Corzine soon became the head of the RF Section. “Really too much
responsibility for my background and experience at that time, but we had lots
of enthusiasm, and as I mentioned, lots of help from other people.” The first
antennas were helices. “Everybody called them ‘bedsprings,” because they were
kind of a twisted coil that stuck out the front. Of course, they worked, but not
very well,” Corzine said."”

Initially the weapon was designed to attack radars operating in the S-band
(S for short, 2- to 4-gigahertz wavelength), a frequency range that covered most
of the Soviet antiaircraft (AA) and surface-to-air-missile (SAM) radars in use at
the start of the 1960s. As Moran had noted, the greatest threat was posed by
the Soviet radars, operating in Korea and Vietnam and elsewhere. Most of the
Soviet systems were copies of U.S. radars, dating back to the MIT-developed
SCR-584 aircraft-tracking radars that Russia had obtained from the U.S. under
the WWII lend-lease program.

In 1959 the feasibility study for the ARM weapon was completed when
the first two ARM proof-of-concept rounds were fired from an F3D Skyknight
aircraft against an SCR-584 S-band target. The ARMs were hybrid weapons:
Corvus seekers, Sidewinder hot-gas servos, Sparrow-based airframe, and four
Mighty Mouse 2.75-inch rocket motors clustered in an 8-inch-diameter tube.
The first round malfunctioned, but the second round struck close enough to
the target to prove that the missile had indeed been tracking the radar signal.'®

Phil Arnold pointed out that the Sparrow airframe was particularly
appropriate for Shrike:

In addition to the costand logistic advantages from common motors and wings,
the wing-controlled airframe (as opposed to canard control for Sidewinder
and tail control for Falcon, and later Walleye) can maneuver without the need

17 S-283, Robert G. Corzine interview, 9 Oct 2008, 3, 4, 6. Corzine spent 30 years at
China Lake, retiring as head of the Electronic Warfare Department’s RF Development
Division.

18 Technical Program Review 1959, 107.
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for pulling high angles of attack. The forward-firing warhead fragments can
then be impelled in a cone more directly forward of the missile’s terminal
flight path, increasing the lethality of the spread against a radar antenna."

By the end 0f 1959, ARM was ready to move into engineering development.
At this point the name Cobra was attached to the weapon, a snake on a par
with the Sidewinder in terms of lethality. China Lake management was able
to convince the Bureau of Naval Weapons (formed in December 1959 by a
merger of the Bureau of Ordnance and the Bureau of Aeronautics) to make a
small but significant change to the traditional method of weapons development:
the Station was assigned the responsibility and delegated the authority for the
complete weapon system. Previously a separate task for each component of the
system would be issued by the responsible technical branch within the Bureau.

NOTS’ responsibilities for ARM’s technical direction were carefully laid
out in a three-page memo from Ashworth (by then BuWeps Assistant Chief
for RDT&E) to the NOTS commander in June 1961. The memo included
such details as “Carry out [your] responsibility of review and direction not
only with the prime but also with sub-contractors and other team members
who are providing other parts of the missile.” This shifting of responsibility
and authority to the laboratory would come to be called the Deputy Assistant
Program Manager (DAPM) concept and, when used, proved far more effective
in integrating the efforts required for a complex weapon system than were the
fragmented lines of authority and responsibility that characterized non-DAPM
programs.”’

China Lake’s successful launches were enough to secure funding for further
development work, to the great relief of the weapon’s design team. Duane J.
“Jack” Russell, who took over management of the guidance-section design from
Etcheverry, remembered:

We saw all kinds of problems in trying to approach the task we were doing.
Using that Corvus guidance system was a monstrosity, a lot of problems in the
servo, we had to get going on the design of a warhead and fuzing system, we
had to come up with a better rocket motor . . . .*!

19 Phil Arnold, email to the author, 20 July 2011.

20 Memo RMGA-3:JLB, Chief, BuWeps, to Commander, NOTS, “Technical Direction
of the ARM Missile Program,” 15 June 1961.

21 TS 84-14-4. Duane J. “Jack” Russell interview, ARM History Project, circa 1984, 4. In
1965 Russell would become head of the Guided Missile Division. He would head both the
Electronic Warfare Department and the Engineering Department before retiring as head
of the Land Range Directorate in 1994. In 1967 he was one of the first recipients of the
Michelson Laboratories Award for “vital contributions . . . that contributed directly to the
design of the highly successful Shrike missile.” Rocketeer, 12 May 1967, 1, 3.
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Shrike

In 1961 Cobra was renamed Shrike. According to Leroy Riggs, the team
had a naming contest and his wife, Ditty, contributed Shrike, a desert bird.
Another story has it that the name was based on the Shrike of folklore, which
pecks out the eyes of its prey—precisely what the Shrike missile was designed
to do by blinding the enemy radars that controlled the AA and SAM systems.
The overall weapon system, including support equipment, was now known as
Shrike Weapon System W-115. The Shrike missile itself was now designated
XASM-N-10. In 1963 this was changed to AGM-45 (often seen with a “Y”
prefix during development), a designation which Shrike retained until the
weapon’s phase-out in the early 1990s.**

NOTS’ overall Shrike plan called for a competitively selected contractor to
provide engineering support, pilot production, and first full-scale production.
Following pilot production, a competition would be held to select a second
production source. After the second source was qualified, all out-year
procurements would be competitive. This plan was followed. Texas Instruments,
Inc., (TI) of Dallas, Texas, was awarded an engineering support contract in
October 1961 through competitive bidding. The initial contract called for 32
guidance-and-control sections to be delivered between March 1962 and March
1963. Several people from TT were detailed to China Lake where they shared
workspace with the NOTS team, facilitating the efforts in Dallas.”

The contractual vehicle selected was called Cost Plus Fixed Fee with a Task
Award Fee contract. As Frank Knemeyer described the advantages for this type
of contract:

. . it provided for the sharing of the engineering effort but left China Lake
with technical and financial control. This approach guaranteed the contractor
his legitimate cost plus fee with an additional award fee for competent work. It
also provided for continuous correlation of detailed technical milestones with
related financial expenditures.?*

In a 1961 test, Shrike was launched in a loft maneuver from an FJ4 at a
horizontal range of more than 15 miles. It impacted within 11 feet of the target.

22 §-136, Riggs interview, 59-60. One of Secretary McNamara’s standardization
measures was the Joint Designation System, a naming system for unmanned aerospace
vehicles (including missiles) that became effective on 27 June 1963 and that followed the
conventions of the new aircraft designation system that had gone into effect the previous
year. The new designations were based loosely on a weapon’s mission (i.e., AGM is air-to-
ground missile, AIM is air-intercept missile, etc.).

23 NOTS Tech History 1961, 132.

24  Frank Knemeyer, “Shrike’s Forgotten Lessons,” 7he China Laker, newsletter of the
China Lake Museum Foundation, Fall 2004, 9-10.
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The following year, the program moved from the Aeromechanics Division into
the newly formed Guided Missile Division (Code 402), headed by George F.
Cleary and located in Hangar 1 at Armitage Field.”

Paul E. Cordle and others in Bud Sewell’s Warheads Branch designed a
warhead tailored to the target and designated EX 52. The 145-pound warhead
had a kill probability of 0.85 at a miss distance of 40 feet. Commander Tony
Tambini, who became the Shrike project pilot in 1961, described the details:

The warhead was composed of a high explosive charge around which were
stacked thousands [22,000 to 23,000] of three-sixteenth-inch steel cubes in
such a way that when detonated by the target detecting device, there would be
a distribution of steel cubes such that at least one cube would penetrate every
square foot within the target effective range. It was a relatively small warhead
[150 pounds with 50 pounds of explosive filler]. There wasn' a great big boom,
but inspection of a target afterwards revealed that the target had been thoroughly
perforated with little steel cubes, cutting virtually every wire and cable in the
target radar van, rendering it useless and unrepairable.” ¢

Extensive analysis of the potential targets as well as of the various endgame-
encounter geometries (the spatial relationship of target and weapon in the
microseconds before warhead detonation) resulted in the incorporation of five
different charge-to-mass ratios into a single warhead. This design yielded five
distinct fragment velocities that would work most effectively for the expected
range of warhead-target encounters. The fragment size was optimized for
doing maximum damage to the threat-radar elements—most obviously the
antenna—that the enemy could not protect with armor and still maintain a
functioning radar system. The explosive powering the fragments was the China
Lake-developed PBXC-104, the very first castable plastic-bonded explosive
(PBX), which was replaced in 1964 by the China Lake-developed PBXN-101.%

The Shrike team also drew on NOL Corona’s fuzing expertise to design a
fuze that would detonate the warhead in front of the antenna; the 70-degree
cone of fragments projected by the warhead proved to be devastating against
antennas, electronic components, and operators. The dual-mode fuze would
also detonate on impact. Cordle commented:

25 NOTS Tech History 1961, 5. In 1963 Cleary took over the Shrike program’s management
from Riggs, and a year later Porter (who was head of the Analysis Branch under Cleary) was
assigned as program manager. In April 1965 the Shrike Program Office under Porter would
be elevated to a staff position in Code 40, and Porter would remain as program manager
until Charles B. May took over the position in 1970.

26 NOTS Tech History 1962, 115; The Flying Tambinis, 3.

27 Major Accomplishments, 105; NOTS Tech History 1964, 4-26. China Lake has long been
the Navy’s principal developer of pressed, extruded, and cast PBXG.
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The true measure of a weapon of this nature is not so much its terminal
effectiveness as it is the survivability of the strike force. It’s a deterrent weapon.
Ideally, if it were 100-percent effective, youd never have to use it. Because
if the radars stay shut down, then they pose no problem to the strike force,
which is the principal objective of the missile to start with.?®

In essence, the enemy radar, by performing its normal function, was
complicit in its own demise. Without its active cooperation, there would be no

signal to guide the Shrike to the radar’s antenna.

Initially, the Shrike team planned to develop a rocket motor specifically
for Shrike. However, a study by the Ballistics Division showed that a Sparrow
motor would meet the system requirements. Therefore the four 2.75-inch
motors that had been used in the proof-of-concept demonstrations were
replaced by a modified Sparrow motor under development by Rocketdyne.
That decision, which did not anticipate the problems that would surface in

Rocketdyne’s motor development program, would later be revisited.

The biggest difficulty was
replacing the “monstrosity,” the
Corvus-based seeker. Charles B.
“Charlie” May came to China
Lake in 1960 and, after his
Junior Professional tour, joined
the Shrike program as an RF
design engineer. He, Mosko, and
Corzine tackled the guidance
problems. They scrapped the
helical antennas and concentrated
on a new single four-arm
spiral antenna using microstrip
technology implemented in a
broadband monopulse network.
That, coupled with a rugged
solid-state guidance computer
(designed by Richard Hughes
and Robert Atkinson), allowed
them to fit far more detection
and guidance capability into a
small area than had hitherto been
possible.

28 VP 04-154, “Origins of ARM,” 2004.
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One of the test platforms used in the seeker development was Jimmie
Craig’s hot-air balloon that had been acquired for the Briteye project. Moored
at various distance and elevations from a simulated threat radar, the balloon
provided a stable platform for testing seeker performance. (Helicopters were
more expensive and their rotating blades caused glint that would interfere with
the testing.) Shrike’s developers also used an A-4 “nosey” aircraft with a Shrike
seeker installed in the nose for dynamic testing against targets.

More successful tests of the S-band Shrike followed as the design matured.
When tests against multiple radiating targets showed that the missile had
difficulty picking out a single target, the designers incorporated an improvement
called “angle gating.” This allowed the missile to narrow its focus to a single
threat emitter when operating in an environment crowded with enemy radars.

Despite the demise of Rascal, the Air Force hadn’t given up its desire for an
in-house antiradiation weapon development program. In 1962, as recalled by
project pilot Tony Tambini:

China Lake was involved in a battle to get funding from DOD. As part of
the team, I went back and forth to Washington to participate in hearings
with Department of Defense DDR&E Dr. Harold Brown’s office. It seems
that the Air Force had a different idea about how to go after surface-to-air
missile sites. The Air Force Systems Command had joined up with Martin
Marietta in proposing a version of the Bullpup missile [designated GAM-83,
later AGM-12] for the job. They had no hardware and had never built even
the first component, but their ‘brochuremanship’ came close to doing us in.?

The threat was serious. Since the Defense Reorganization Act of 1958,
DDR&E had the authority to approve, modify, or disapprove all R&E
programs within the military departments, and DDR&E was now considering
the adoption of a single antiradar missile system for both services. The Navy
did not want the Air Force candidate as the two services had different damage
criteria for destruction of radar targets. Frank Knemeyer advised the NOTS
Research Board:

If the Navy were directed to accept GAM-83, the system would not meet the
Navy operational requirement. The high altitude mission would require costly
and complex detection and acquisition equipment to be incorporated.*

As Bill Porter told it:

The Air Force described that the toughest situation would be two targets 100
feet apart and having a missile which could guide and hit one of the targets

29 Tambini, email to the author, 26 Oct 2008.
30 Research Board minutes, 11 Sept 1962.

191



The Station Comes of Age

... so between a couple of meetings, we went out and fired a Shrike at two
targets that were 100 feet apart, and we impacted 10 or 15 feet from one
target and took the data back and said, “That’s not a problem. We've already
demonstrated it.” We had hardware. We were further along. We had a better
concept. And we won the competition.?!

Response to a Crisis—Project ESE

By summer 1962 Shrike was well on its way to becoming a weapon of war.
The program was proceeding with energy and enthusiasm, if not a great sense
of urgency—after all, Korea was long past, and American air involvement in
Vietnam was a few years in the future.

The pace changed that summer with the detection of Soviet SAM air-
defense sites in Cuba, 90 miles off the coast of Florida. The SAM sites were
followed by the introduction of Soviet SS-4 nuclear missiles. The so-called
Cuban Missile Cirisis in October that year brought the nation to the brink of
nuclear war with the Soviet Union. Escalating tensions throughout the late
summer and fall of 1962 gripped the nation—and China Lake.

Tambini was called back to Washington, where top officials had decided
that any invasion of Cuba would require a way to counter the SAMs the Soviets
had surreptitiously introduced to the island nation. The seriousness of that SAM
threat was underscored on 27 October 1962 when a U-2 spy plane overflying
the island was shot down by a Lavochkin OKB S-75 missile (NATO code name
Guideline, DOD designation SA-2) guided by a Fansong S-band radar. The
incident spotlighted a critical absence in the U.S. defensive arsenal: an effective
antiradiation (i.e., antiradar) weapon.

The nation and the world weathered that crisis; the Soviets removed the
SS-4s, but the SAMs remained. Such a close brush with open warfare had been
a wake-up call for the defense establishment. Now the need for an antiradiation
weapon to counter Soviet-built air defenses was not just a China Lake or a Navy
concern, but also a top national security issue. Washington officials took seven
months to decide what to do, and then they turned to China Lake and Shrike.

May 1963 marked the beginning of the Emergency Shrike Effort (also
called Early Shrike Effort or Project ESE, pronounced “Easy”). According to
Ernest G. Cozzens, head of the Weapons Systems Office of the Engineering
Department (Code 55):

President Kennedy asked Secretary McNamara what he had to combat the
threat. He said the only thing we had was some people out at NOTS, China

31 S-216, Porter interview, 28.
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Lake, that have this thing that might work. So there was a brief prepared
and . . . the word came back from him, “Give them anything and everything
they need to expedite the development of that weapon.” And that was what
initiated the ESE program.’?

The Station was given nine months to have Shrike ready for the operational
forces. China Lake agreed to prepare the missiles. Since a new version of the
Fansong radar operating in C-band had been detected, the project team would
build 50 complete missiles operating in S-band and 50 C-band alternate
seekers. The estimated cost of the project was $10 million, and Project ESE was
given “Brickbat” priority.

TI was already on board as the engineering support contractor; however,
ESE began while Shrike was still in its development stage—well before it was
ready for production. Changes to the weapon (and concomitant changes to the
specification package) were being made on a daily basis. The decision was made
to build the guidance sections entirely in house at China Lake.

“We did all the manufacturing, the quality assurance, the whole thing in-
house and then shipped those to T1, which mated it with the control section
and the rest of the airframe,” said Corzine.??

Knemeyer set up a war room next to his office with a detailed technical
schedule for every component of the missile. Assistant Department Head Richard
T. Carlisle kept the schedule up to date on an hourly basis. Communications
and travel between China Lake and Dallas were continuous, and every Saturday
morning the key players at China Lake met in the war room to review progress
and problems. One item of concern was the new C-band seeker, which, late
out of the gate, was far behind the S-band seeker in the development process.

China Lake’s traditionally flexible policy of letting personnel find their
own comfortable homes in the organization went temporarily by the board. In
May 1963 Associate Technical Director Hack Wilson issued a memo with a list
of people to be detailed to “Shrike Program, Plan C,” the administrative name
for Project ESE. The directive swept up technical experts from Codes 30, 35,
40, 45, 55, and even 75 (TID, the Technical Information Department) and
added them to the existing program staff. As the memo explained:

It is of utmost urgency that maximum assistance be given to the Shrike program.
There will be a requirement for the assignment of additional personnel to
support this program even though effort on other programs may have to be
curtailed. Your full cooperation in meeting Shrike requirements is requested.*

32 S-126, Ernest G. Cozzens interview, 25 June 1981, 11.
33 S-283, Corzine interview, 21.
34 Memo 1501/LSL:abf, Reg. No. 15-1703, Hack Wilson, “Personnel Designated to be
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Phil Arnold, then a branch head in the Air-to-Air Weapons Division, and
several members of his branch were assigned to ESE with responsibility for

the missile test equipment and the bomb director that would become the CP-
741/A computer. He recalled:

L, for one, was not happy at the time. I wasn't aware of the urgent need for the
project or, for that matter, of the project itself. It hadn’t occurred to me that
I, or anyone, could arbitrarily be reassigned without at least being offered a
choice, but reassigned we were.>

According to Gerald R. “Gerry” Schiefer, who designed the Shrike test set:

“Easy” was a misnomer . . . it was anything but easy. I remember Jack Russell
[by then head of the Missile Branch] coming to me at one time and saying
“Schiefer, I would like to have you put out a little bit more.” He said “I do
not mean that you are not pulling your weight in the time that you are here
because you do that very well but we would like to have 12 hours instead of
just 10.73¢

In June 1963, less than a month after Wilson’s memo, President Kennedy
visited China Lake. He asked NOTS Commander Captain Charles Blenman,

President John E
Kennedy receiving
a Shrike model
from NOTS
Commander
Captain Charles
Blenman,

with Technical
Director Dr.
William B.
McLean looking
on. In the
background is a
portrait of Albert
A. Michelson
hanging in the
lobby of Michel-

son Laboratory.

Detailed to Shrike Program, Plan C,” 14 May 1963.

35 S§-275, Arnold interview, 16; email to the author, 20 July 2011.

36 TS 84-14-7, Gerald Schiefer interview, ARM History Project, 24 Jan 1984, 6-7.
Schiefer would become NWC’s 11% Technical Director (1986-1989) and eventually the
Director of Navy Laboratories.
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Jr., what the Station’s most important projects were. In a memo to BuWeps,
Blenman, writing of himself in the third person, responded:

Commander, NOTS, told him that Shrike was NOTS number one project
and we were expending every effort in order to get a limited operational
capability by the first of October. He appeared to be familiar with this
emergency program and he asked how we were getting along. He was told
that we would have an S-band capability on schedule and that we hoped our
C-band capability would work out, although there might be the possibility of

some unforeseen developmental problems. . . .

He asked if we needed any more money for this emergency program. . .
Commander, NOTS, responded that, in his opinion, we did not, that NOTS
has all the money needed to employ the number of people we have, and that
money was not the answer at this time to our problem.”’

China Lake had not seen such hectic activity since the days of NOTSNIK
in 1958. Corzine recalled, “Those were 6 days a week, 10-hour days that we
worked for several months. I remember by the time we got through, I was real
happy to go back to 5 days a week.” He remembered that the tight schedule
occasionally called for cutting corners on technical niceties:

Charlie May was the person that was in charge of the actual production of the
antenna systems. | can remember one day, he brought me in an antenna that
was just built, and it was all wet. I think he put it in the toilet and flushed it
three times and then tested it, and it still worked, so he said, “Well, it passed
the humidity test.”. . . We had a lot of confidence. We tested in our anechoic
chambers and did bore-sight tests and ran all the usual full-up systems tests in
the laboratory. So we had great confidence in the system, but they still wanted
to fly it against the actual radars.*®

That desire to fly Shrike against the actual radars is why in early July 1963
Tambini and Commander Jack Sickel, his boss, lifted off from Armitage Field
in an A4-C and an A4-E en route to Naval Air Station, Key West, Florida, for
“temporary additional duty with regards to Classified project #10.”%

The two Navy pilots were to fly their aircraft along the coast of Cuba in
hopes that the SAM radars would “paint” the aircraft so that the signal could
be recorded. The aircraft had no defensive armaments. “Every nook was taken
up with recording devices and various types of instrumentation.” They did,

37 Memo 14/DLR/lac Ser. 0080, Commander NOTS, to Chief, BuWeps (Code R),
“Presidential visit to NOTS, 7 June 1963,” 21 June 1963, 1. The Kennedy visit marked the
first public display and first public firing of Shrike.

38 S-283, Corzine interview, 21.

39 Travel Orders 18/DGH:pa, 1320, Ser. T-001-64, Commander, NOTS, to Commander
John A. Sickel, 1 July 1963.
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Project Pilot Tony Tambini firing Shrike from an A-4C aircraft in a test
at China Lake, 12 June 1964.

however, have “fighter air cover stationed five miles out and five thousand feet
above our altitude.”

During a 2-week period, Tambini and Sickel made 14 flights and captured
signal data that was invaluable to the Shrike developers back at China Lake.*

While the on-board instruments could sort out the different signals,
discriminating among them was not so easy for the pilots. As Knemeyer, at that
time head of Code 40, said:

.. we took our military pilot and put him in an A-4 and sent it down to
Florida with a captive Shrike head on it . . . to fly along the Cuban coast to
find out how well he might be able to distinguish different kinds of radars. . . .
But it turned out that he said, “I'm in a bird cage.” There were so many radars
coming up and all of the different tones coming in that it was very difficult for
him to single out any particular targets.*!

Schiefer recalled that:

.. we put together a recording system to record all of the signals from the
Russian missile guiding radars—the SA-2, et cetera—because you can't refute
what you record. So [Tambini] would go up there and “troll.” He'd fly in the
A-4, and when theyd come on the air, why, we'd record all of that.

40 The Flying Tambinis, 30.
41 S-200, Knemeyer interview, 92.
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Interviewer: So you sent somebody to Cuba to ask the Russians to shoot at

him?

Schiefer: Well, no. Well, yeah. Yeah, we did. We said, “Here’s this fish up here;
take a shot.” Yeah, we trolled.

Interviewer: But it’s scary, things like that.

Schiefer: Well, yeah! But it’s scary to land aboard a carrier at night!

Schiefer knew that China Lake’s project pilots brought courage to the table,
along with their operational expertise.*?

Project ESE continued at a hectic pace through the end of 1963 and was
completed in January 1964 when the missiles and alternate guidance sections
were delivered to the Marine Corps Air Station, Cherry Point, North Carolina.
The program had been completed within the agreed-on time and budgetary
constraints. As Arnold pointed out:

TI tried to convince the Systems Command that they were better equipped
than China Lake to not only produce weapons, but to manage the program.
They fell on their face in ESE, China Lake delivered its product on schedule,
and China Lake continued to be in charge.®3

The year 1964 also saw the completion of a NOTS study of a proposed
version of Shrike containing a nuclear warhead. The weapon was intended to
“destroy radar sites, antiaircraft artillery batteries, and ships, which might be
only moderately damaged by a conventional warhead.” Although the study
recommended that further effort be made to develop a nuclear Shrike, there is
no evidence that the program was pursued past the study stage.*

Shrike Production

By mid 1964 Navy Technical Evaluation and Operational Evaluation had
been completed, and Shrike was ready for pilot production. The weapon had
became a balance of the tried and true (wings, fins, bang-bang control section,
Sparrow airframe) and new cutting-edge technology (fuzing, warhead, and
guidance), and its evolution had been exhaustively documented in a production

data package.

The production version of the missile was about 10 feet long and 8 inches in
diameter and weighed about 390 pounds. It could reach Mach 2 (approximately
1,500 miles per hour) and strike targets at a nominal range of 10 miles (actually
15 to 17 miles, later extended to 25 miles or more with the dual-thrust motor).

42 S-305, Gerald Schiefer interview, 9 March 2010, 23.
43 S-275, Arnold interview, 17.
44 NOTS Tech History 1964, 1-7.
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Pilot production went well, and the first missiles from the Fleet-introduction

lot were delivered to USS Midway (CVA 41) in January 1965.4

Texas Instruments also won the first full-scale production contract, and
several people from TT were detailed to China Lake to work with the NOTS
team in shared workspaces to facilitate the transition to production. Although
China Lake had been closely managing the TI contracts through the pilot-
production phase, BuWeps decided that China Lake did not need to be in the
loop for production changes during full-scale production. Shrikes soon began
to roll off the line in Dallas, and there were problems. Knemeyer recalled:

There were something like 650 changes that TI wanted to put into the missile.
They were Class One [major, affecting the weapon’s “form, fit, or function”],
Two or Three [minor] changes. The DCAS [Defense Contract Administrative
Services representative] down there didn’t really know the difference, so they
let TT put a lot of changes in there that caused the missile not to perform the
way it should.*¢

The situation caused, in Knemeyer’s words, “a real rhubarb with BuWeps.”
When the smoke had cleared, China Lake conducted a comprehensive test
program on the TT missiles. Missiles that had already been deployed were
recalled from the Fleet. The Bureau of Naval Weapons also put China Lake
back in the documentation-control loop.

Meanwhile, NOTS was in contract negotiations with a second production
source, Sperry-Farragut, in Bristol, Tennessee. To smooth the process, China
Lake gave Sperry a research contract that, according to Knemeyer, said in
essence:

“You go and make three of these guidance units. Do it in your model shop.”
We brought their engineers here, and we showed them how we went about it.
We gave them everything that we knew about it and helped them make these.
Then they brought the units here, and we tested them, and they worked the
way they should. Now they had all that knowledge in their own production
plant so they could troubleshoot their own problems. And we were able to
actually get the Sperry-Farragut Shrikes over into Vietnam before we effectively
got the TT ones over there.

“From that point on as we went out each year for the production of Shrike
missiles, it was a competitive procurement between Texas Instruments and
Sperry,” said Porter, adding that:

45 NOTS Tech History 1965, 1-16, 1-17.
46 S-200, Knemeyer interview, 40.
47 1bid., 41. The first second-source Shrike was fired in combat in Vietnam in January

1966.

198



Chapter 4. Cooperative largets

The Navy would say we want to buy so many thousand Shrikes and the
contractor would come back in with proposals and each contractor would
have options. If he built 1,000, 2,000, 3,000, 4,000 they would have the
options broken out. And then the Navy was in the position to decide how
to split the buy and they would give maybe 60 percent of the buy to Texas
Instruments and 40 percent to Sperry or vice versa depending on which one
had the lowest cost. So it was a very competitive situation and the cost actually
went down over time.*®

An important factor in Shrike’s success was documentation. Building a
reliable component in China Lake’s state-of-the-art laboratories with highly
motivated professionals was only a first step. Even the minutest details of
the fabrication and assembly processes had to be translated into technical
specifications that minimized room for error at the production facility. The art
of ensuring that parts will function as designed without requiring unreasonable
cost and time to manufacture is called producibility.

Military Specification MIL-Q-9858A, first released in 1963, required every
government contractor to establish a quality program. According to Burrell W.
Hays, who worked in the Shrike program during the mid-1960s and was a
central figure in qualifying the second-source contractor:

One of the fallacies of 9858A is that it’s invoked almost by the interpretation
of the local government guy and the contractor, and how much tenacity they
have. That turns out to be a two-edged sword because if the guy isn't on the
ball, you can have no quality, and if he happens to be a zealot, he can close
every factory down in the world.?’

Instead, beginning with Sidewinder, China Lake had begun to write quality
into the specifications that dictated how a contractor would produce a weapon.
These were not arbitrary—during the pilot-production phase of a weapon the
government and contractor often agreed on Class 1, 2, and 3 changes that
were shown to be necessary to accommodate the design to the production
environment. However, the specifications were exhaustive and ensured
consistent reliability in the performance of items coming off the production
line. Reliability was designed in by China Lake during development and then
maintained through quality control in production. Hays explained:

We essentially tailored the quality assurance standard by writing a weapons
requirement. We wrote a whole thing, and we called it a requirement for
interpreting 9858A because nobody would allow us to write a spec for quality

48 TS 84-14-5, William B. Porter interview, ARM History Project, circa 1984, 12.
49 S-221, Burrell W. Hays interview, 6 Jan 1993, 9. Hays would become China Lake’s
10th Technical Director (1982-1986).
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without getting through the DOD and a bunch of problems. . . . We wrote
our own solder spec . . . We wrote specs for configuration control. We wrote
them for classification of defects . . . And we started to impose them.>

The imposition of rigorous technical discipline worked. According to
Schiefer, Sperry-Farragut, Shrike’s second source:

.. . didn’t have the technology that TT had. All he had was the prints. So he
religiously designed to the prints, brought [the Shrikes] out here, and fired
them. And they worked just exactly the way they were advertised.”!

The Shrike second-source experience showed that documentation and
quality control were not only essential to effective, producible weaponry but
also key elements in obtaining cost-reducing multisource production contracts.
Prior to the Sperry second-source contract, Shrikes had been costing about
$18,000 each. Knemeyer observed:

When we got Sperry-Farragut in, it dropped down to less than a quarter of
that. So that shows that if you've got a good documentation package, you
know what youre doing, and you've got somebody that understands it, with
competition you can really get the cost down and still get effective systems
out of it.>?

As reported in the Rocketeer in 1973—when more than 17,000 Shrikes had
been produced—“Because Shrike was designed and developed by a government
laboratory, which provided a complete documentation package for bid between
competitive contractors, a cost savings exceeding 100 million dollars over that
normally experienced in sole-source procurement was realized.”

One problem with Shrike was the fixed frequency range of its seeker. The first
Shrike models (AGM-45A-1 and -2) were designed to combat the widely used
Soviet-built Fan Song (SAM fire-control and tracking) and Fire Can (AA gun
director) radars. But in what became a cat-and-mouse game, the enemy would
deploy radars operating on new frequencies. Then the Shrike development team
would quickly develop another “dash version” that would work in that frequency.
This technical issue proved also to be an intelligence issue, as mission planners
had to determine before a mission the type of radars that were anticipated in the
target area so that the proper Shrikes could be loaded on the defense-suppression
aircraft. It was a cost and logistical issue as well.

50 Ron Westrum, in Sidewinder: Creative Missile Development at China Lake, calls Hays
“the apostle of production quality.” Naval Institute Press, 1999, 178.

51 TS 84-14-7, Schiefer interview, 24.

52 §-200, Knemeyer interview, 41.

53 Rocketeer, 12 Jan 1973, 4.
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Chapter 4. Cooperative largets

Eventually, the AGM-45A/B-9 and -10 models of Shrike achieved
the bandwidth capability to cover most of the threat radars. Between new
bandwidth capabilities and other improvements to Shrike’s seeker, warhead,
and motor, about 20 subvariants of the missile were produced. More than
16,000 units of the most commonly used version—the AGM-45A-3 and -B-3
or “dash threes”—were produced beginning in 1966.

Equipment and Support for the Fleet

There was more to the Shrike weapon system than just the antiradiation
missile itself. As with any new missile, specialized equipment was needed to
integrate the weapon with the aircraft and its sensors and to allow a pilot to
locate the target and fire the missile within acceptable launch parameters. Early
in Shrike’s development, the need became apparent for a fire-control system to
assist the pilot in determining the proper launch point. Said Knemeyer:

We came up with the idea we had to put something on the nose of the airplane
in order to present a scope presentation to him to tell him, based on the
frequency of the target, what kind of a target it was and where was it located,
so he could look at his scope and really determine it. Then he could decide
which one to go after.>

Fire control was not a new area of work for NOTS; the Station’s experience
in the development of such system dated back to the 1940s. For Shrike, an
existing bomb director, Mk 9 Mod 0, in production since 1956 and used with
BOAR, was modified by Code 35 and Code 40 under Project ESE.

In 1964 the system was designated the Weapons Delivery Computer CP-
741/A, a magnetic-amplifier analog computer that gave warnings and alerting
signals to a pilot delivering a free-fall weapon (bomb) or terminally guided air-
to-ground missile (e.g., Shrike), and automatically released the weapon at the
correct point. The system employed four modes of delivery—stick, toss, loft, and
over-the-shoulder—and used the aircraft’s radar range-to-target and barometric
altitude data as primary inputs.

Development continued until 1966, when the CP-741/A was released to
the Fleet for use in the A-4 and A-7. Reliable, easily maintainable, and relatively
inexpensive, the —741/A could be adapted for any aircraft (by selecting an
appropriate aircraft-characteristic module), and for any two weapons on a given
mission (by selecting the appropriate weapon-ballistics module).>

Ray Powell, who flew at China Lake during CP-741/A development, recalled:

54 §-200, Knemeyer interview, 93.
55 NOTS TP 3428, NOTS Tech History 1963, June 1964, 4-20.
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We'd go out and do contests with it—wed go out to an unfamiliar target and
drop a bomb by eyeball and then drop a bomb using the CP-741. We used
to beat it, but the average Fleet pilot couldn’t beat it because he didn't get to
bomb every day on the same range.>®

Gary Palmer, who made three tours as an attack pilot during the Vietnam
War, confirmed Powell’s assessment. “I had that system in my airplanes when
I was a squadron commander on Kitty Hawk and I made sure the damn thing
wo