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FOREWORD

Command, chaired a Blue Ribbon Panel which studied the future of the Air

Force’s role in space. Among the recommendations produced by the Moorman
Panel was a need to develop better ways to teach the aviation community about the
history of the Air Force in space. The result was a book entitled, Beyond Horizons: A
Half Century of Air Force Space Leadership, by Dr. David N. Spires of the University
of Colorado at Boulder.

General Moorman's vision of developing a book on the history of the Air Force in
Space that could help educate Air Force members on this subject proved to be ex-
actly what was needed. Air Force Space Command not only used the book to teach
space history, but it soon became the standard text on the subject throughout the
Air Force as evidenced by its placement on the Air Force Chief of Staff’s reading list
in 1998. The book has remained the only academic book-length study of this subject
since its original publication in 1997.

Although the author concluded the original edition with an assessment of
where the Air Force space mission would go in the 21st century, the book largely
ended with events in the mid-1990s. Of course, much has happened in the world
since that time. Not only have there been new developments in Air Force satellite,
launch and ground systems, there have been significant organizational and mission
changes which have impacted the Air Force’s role in space over the past decade.

In 1992, General Thomas S. Moorman, Jr., Vice Commander of Air Force Space
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Moreover, the terrorist attack of 11 September 2001 changed the geopolitical nature
of the world. This subsequently affected the way we employ space support to the
warfighter. In addition, technological advances and Air Force operations in Kosovo,
Afghanistan and Iraq have substantially impacted the history of the Air Force in
space.

Therefore, in September 2006, the Office of the Command Historian at Air Force
Space Command commissioned Dr. Spires to do a major update of Beyond Ho-
rizons, asking him to undertake three major tasks in this revision: 1) review and cor-
rect any factual or contextual errors identified in the original edition; 2) bring the
narrative up to date from the point at which the original story ended to the present
(basically a ten-year period that incorporated space-related events such as Opera-
tion Allied Force, Operation Noble Eagle, Operation Enduring Freedom, Operation
Iraqi Freedom, as well as the impact of the 2001 Space Commission report); and 3)
incorporate insights the author gained during the production of Orbital Futures, his
follow-up documentary history of the Air Force in space, published in 2004.

In May 2007, this plan underwent a significant change in level of interest when
U.S. Air Force Chief of Staff General T. Michael Moseley contacted me and sug-
gested that Air Force Space Command think about an “update to Beyond Horizons”
He went on to note, “We're celebrating a few great milestones this year...and, it
would be powerful to have this included in our update of professional reading for
our folks” The milestones General Moseley referred to were the 6oth anniversary
of the Air Force, the 25th anniversary of Air Force Space Command, and the soth
anniversay of Sputnik..

I am pleased that this volume not only fulfills the interests of General Moseley
but is a substantive contribution to the history of the Air Force space mission. I
am confident, that, like the original edition, this study will become the standard
reference for this topic. Moreover, this update will be essential reading for Air Force
Space Command officials and space professionals worldwide. I am also pleased to
note that this update was so substantial that we changed the book’s title to: Beyond
Horizons: A History of the Air Force in Space, 1947-2007. I strongly recommend this
book to all those interested in the Air Force and its role in space.

KEVIN P. CHILTON
General, USAF
Commander

Air Force Space Command

September 2007
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FOREWORD to the first edition

McPeak asked me to chair a panel to study the role of the Air Force in space

into the 217 century. This second Blue Ribbon Panel on space, which came four
years after a similar study completed in the late 1980s, had as its primary objectives
to conduct a comprehensive review of the Air Force's existing space policy, orga-
nization, and infrastructure, to define the service's future role in space, to develop
a strategy to carry out that role, and to make appropriate recommendations to the
senior leadership of the Air Force. The Chief believed recent political, military, and
economic developments necessitated a new look at military space operations. These
included the collapse of the Soviet Union and the end of the Cold War, the emer-
gence of a “multi-polar” world, a shift in national security strategy, the implications
of Operation Desert Storm, and the worldwide proliferation of sophisticated weap-
ons. Changing domestic priorities, declining defense budgets, and Congressional
interest in military roles and missions also contributed to the need for an evaluation
of the development, acquisition, and operation of space systems. Our panel, which
consisted of some thirty Air Force officers and civilians, met at Maxwell Air Force
Base from early September to early November 1992. Early the following year the
Chief approved and released a report of our findings and recommendations.

Among our recommendations was one that called for making “integrated

aerospace employment a fundamental principle...in all training and education

In the late summer of 1992, Chief of Staff of the Air Force General Merrill A.
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programs.” We urged the Air Force to examine all of its training, education, and
personnel policies to develop a comprehensive approach to teaching space to the
aviation community, and conversely, introducing space personnel to the principles
and requirements of more traditional air warfare. This book represents a major step
toward fulfilling the first of these two goals.

In the aftermath of the panel’s report I asked Dr. Richard Hallion, the Air Force
Historian, to add a history of the Air Force in space to his program’s book-writing
plans. Subsequent discussions of the project led to a decision to produce the study
through a contract let by Air Force Space Command’s Directorate of History. Since
contracting out such studies was a familiar practice in the Air Force History Pro-
gram, it promised to give us an academic-quality book in a reasonable amount of
time. Mr. George W. “Skip” Bradley, Director of History at Air Force Space Com-
mand, led the team which ultimately selected Dr. Dave Spires to write the study.

Beyond Horizons is by no means the first attempt to tell the story of the Air Force
in space, although it may be first to present that story to a wide audience, both
within the service and in the general public. Official organizational histories and
monographs prepared by the civilian and blue-suit historians of the Air Force His-
tory Program have recorded and documented the evolution of the service’s space
programs since their earliest days in the post-World War II era. Classification issues
and the nature of the history program itself, however, limited readers of these works
primarily to those already well aware of the Air Force space story or to the actual
participants in these efforts. Perhaps of greater importance, the way the Air Force
organized and managed its space effort created an environment somewhat detached
and insulated from the mainstream flying Air Force. As a result, knowledge of this
vital part of the service’s history and heritage remained closeted and to a certain
extent inaccessible to both service members and scholars of Air Force history. It
was my intention in requesting the preparation of this study to open up the story of
the Air Force in space to a much wider audience and by doing so to generate a level
of interest in the subject area that would result in additional, more focused mono-
graphs and papers.

The publication of Beyond Horizons comes at a significant point in the history of
the Air Force, one with implications well beyond the coincident recognition of the
service’s 50™ anniversary. Recently the service announced its vision for the Air Force
of the 21" century. Central to this vision, the leadership of today’s Air Force agrees,
is a transition from an air force to an air and space force on an evolutionary path to
a space and air force. Clearly, as the service moves in this direction over the com-
ing years, awareness of the roots of the Air Force'’s space heritage must increase and
broaden. For service members, the transition necessitates a greater appreciation of
this part of our history to foster an understanding of the changes currently taking
place or emerging on the horizon. Scholars of Air Force history and others in the
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public at large similarly will gain insights into issues and events either minimized or
omitted from mainstream Air Force history.

Beyond Horizons promises to open the door somewhat wider to a story that to
date has, for various reasons, not received the attention it deserves and requires.
Unquestionably, the growing availability of official records from the earlier years
of the Air Force space program will allow researchers to fill in details missing from
this study and offer new interpretations of some issues and events. As the Air Force
moves into its second half century, this added knowledge, together with what we
already know from the work of Dave Spires and others, can only help us understand
better the foundation upon which the Air Force of the 21* century is emerging.

THOMAS S. MOORMAN, JR.
General, USAF
Vice Chief of Staff of the Air Force
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PREFACE

his new edition of Beyond Horizons marks the occasion of two important

milestones: the 6oth anniversary of the Air Force, and the 25th anniversary

of Air Force Space Command as the service’s central space force provider
and integrator for the nation’s space defense.

This edition brings the Air Force space story up to date in a comprehensive,
concluding chapter that examines major themes and events in the Air Force space
arena during the past decade. These include: transitioning from strategic to theater
oriented space systems in the post-Cold War era; recovery from the acquisition tur-
moil of the 1990s; impact of the Commission to Assess United States National Se-
curity Space Management and Organization’s findings on national security space in
general and Air Force space in particular; developing an Operationally Responsive
Space launch and payload capability; leveraging commercial space assets to support
military operations; creating greater space situational awareness and protecting the
space force; and charting the increasingly indispensible role of the Air Force space
force in four joint, “network centric” military operations.

The outlook for Air Force space in 2007 must be considered tar more positive
than that of 1997, when the first edition of Beyond Horizons brought to a close a half
century of Air Force space leadership. In the past decade, the Air Force achieved its
most coveted and elusive institutional objective - designation as the Department of
Defense Executive Agent for Space. It demonstrated its space stewardship responsi-
bilities as manager of all DoD space acquisition and through the vital importance of
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Air Force space in the Global War on Terror, during Operation Enduring Freedom
and Operation Iraqi Freedom. The growing integration of space in the wider joint
warfighting environment has been mirrored within the Air Force through its air
and space integration movement and its focus on developing space professionals.
The importance of space to joint operations (the joint fight) has served to enhance
the role of space activities and space personnel in the Air Force itself.

Space integration within the Air Force and the defense community is an ongoing
challenge. So, too, is acquiring cost-effective and mission effective space systems
and developing a superbly trained and motivated force of space professionals. As of
this writing, the Air Force has in place the elements needed to meet these current
and future challenges. As always, however, focused and sustained leadership at
the highest levels of the service and the Department of Defense will be required to
achieve the promise of Air Force space.

The reader is reminded that this survey of recent Air Force space history is
based on open source materials. For more comprehensive treatments of the topics
examined here, the interested reader is encouraged to consult studies listed in the
bibliography and, if possible, the classified document record.

Once again I must acknowledge the generous assistance I received from my col-
leagues and friends at Air Force Space Command: Command Historian Mr. George
W. “Skip” Bradley, Deputy Command Historian Dr. Rick W. Sturdevant, Historian
and Editor Dr. Richard “Rick” Eckert, and Historian Intern Ms. Susan Dawson. Ad-
ditionally, several individuals reviewed and commented on Chapter 9, new to this
edition of the book. Major Robert Sheehan of Air Force Space Command’s Com-
mander’s Action Group, in particular, provided valuable insight into space support
to Operation Iraqi Freedom based on his personal experiences in the theater. Many
of his comments appear in the endnotes to this chapter. Also reviewing the draft of
this chapter were Lieutenant Colonel Scott Maether, Major Troy Endicott, and Mr.
Masao Doi of Air Force Space Command and Lieutenant Colonel Kendall Brown
of Air University. Finally, I wish to thank my wife, Teresa Archuleta-Spires, for her
steadfast love and encouragement on the “home front”

On the occasion of sixty years of Air Force space leadership, we must also note
the loss in 2005 of General Bernard A. Schriever, father of the Air Force space
program. His passing serves to remind us that we who are privileged to work in the
field of Air Force space history remain indebted to the intrepid space and missile
pioneers who came before us.

David N. Spires
Summer 2007

xvii



PREFACE to the first edition

United States Air Force in space. Of all the military services, the Air Force

has been preeminently involved for the past fifty years in initiating, develop-
ing, and applying the technology of space-based systems in support of the nation’s
national security. Yet there has been no single-volume overview of the Air Force
space story to serve as an introduction and guide for interested readers. In Novem-
ber 1992, a high-level Air Force Blue Ribbon Panel on Space, chaired by then Lieu-
tenant General Thomas S. Moorman, Jr., commander of Air Force Space Command,
concluded there was a specific need to better educate people, both in the service and
among the general populace, about the history of Air Force space activities. Beyond
Horizons has been written to meet this need.

Beyond Horizons begins with a review of pre-World War II rocketry develop-
ments and the forging of the important partnership between the Army Air Forces’
Brigadier General Henry H. “Hap” Arnold and noted Cal Tech aerodynamicist
Theodore von Karman. Wartime provided important momentum in establishing
the foundation for later Air Force space efforts. At Arnold’s initiative, von Karmén,
late in the war, formed what became the United States Air Force Scientific Advisory
Board and produced Where We Stand. This seminal study provided the Air Force a
research and development agenda for the future. Equally important, the Air Force-
sponsored Rand Corporation, in early 1946, issued a report on the feasibility of
artificial satellites that would lead to the important Project Feedback reports of the

Beyond Horizons: A Half Century of Air Force Space Leadership is a study of the
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early 1950s. Although the von Karman and Rand studies produced no immediate
rush to develop space systems, the ground had been prepared.

Chapter 1 focuses on space and missile efforts prior to the launch of the Soviet
Sputnik satellites in late 1957. Beginning with analysis of the Rand satellite report,
the chapter examines the policy, organizational, and funding constraints, based
largely on inter- and intra-service rivalries, that Air Force missile and space advo-
cates had to overcome during the late 1940s and early 1950s in order to establish an
effective enterprise. In a sense, the Air Force entered the space age on the coattails
of intercontinental ballistic missile (1cBM) development and President Dwight D.
Eisenhower’s determination to protect the nation from surprise attack. Operational
ballistic missiles could also serve as satellite boosters, while a reconnaissance satel-
lite could provide strategic intelligence on Soviet capabilities. Along with the other
services, the Air Force pursued missile and satellite development by establishing
the Western Development Division and giving its commander, Brigadier General
Bernard A. Schriever, wideranging responsibilities to produce an operational 1IcBM
and a military reconnaissance satellite. Eventually, these efforts would lead to the
Lockheed Agena booster-satellite, the infrared missile warning satellite, and the
reconnaissance satellites of the National Reconnaissance Office.

Chapter 2 focuses on the important policy and organizational steps taken after
Sputnik which helped the Air Force achieve leadership of the nation’s military space
activities. Initial Air Force hopes of leading a national space program ended with
the establishment of the National Aeronautics and Space Administration (NASA).

At the same time, NAsA’s absorption of Army and Navy space assets left the Air
Force pre-eminent in military space and the new civilian agency dependent on the
service for the immediate future. During the second Eisenhower administration,
the Air Force initiated the first of several unsuccessful “campaigns” to receive formal
recognition as executive agent for all military space efforts with approval to lead an
expanded space program. Forced to share space responsibilities with the other ser-
vices and agencies, Air Force leaders also chafed under an Eisenhower space policy
that down-played military space activities and prohibited deployment of weapons in
space.

Chapter 3 describes Air Force efforts to achieve a dominant role in space through
its support of NAsA and its attempts to acquire a military manned spaceflight mis-
sion and approval for development of space-based weapons. Expectations were high
at the outset of the Kennedy administration when Defense Secretary Robert McNa-
mara designated the Air Force the military service responsible for space research
and development, and the service established Air Force Systems Command to lead
the way. Yet, by the end of the 1960s, NAsA basked in the glow of its lunar landing,
while cancellation of the Air Force’s Manned Orbiting Laboratory ended hopes for
a military manned space mission. Moreover, earlier it had become clear that space
policy would continue to restrict space-based weapons to the study phase. De-
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spite the seemingly bleak outlook for an Air Force space future by the early 1970s,
however, two developments would reinvigorate the Air Force space program—the
success of instrumented satellites and the Space Shuttle.

Chapter 4 examines the Air Force’s leadership role in the emergence of artificial
earth satellites during the 1960s for communications, navigation, meteorology, and
surveillance and reconnaissance. These mission functions had been identified in
the late 1950s and would remain the bedrock of space activities for the remainder
of the century. Booster and infrastructure support paralleled the rise of unmanned
satellites. The Air Force developed more powerful launch vehicles and established
worldwide networks for ground-based control of satellites, space surveillance,
and missile warning. By the end of the decade, unmanned military spacecraft had
demonstrated important operational applications including, during the Vietnam
conflict, the first use of satellites to support military requirements in wartime.

Chapter 5 discusses the complex interplay of space policy, organizational, and
operational issues that culminated in the formation of the Air Force’s Space Com-
mand. The maturing of unmanned satellites and the advent of the Space Shuttle
compelled the service to confront and reassess its fragmented organization for space
and the heretofore dominant role of the space research and development com-
munity. With the increasing importance of space for operational commanders, the
central questions became whether the research and development commands should
continue to launch spacecraft and provide on-orbit control, and whether the service
should create an operational command for its space activities. The debate led to the
establishment of a major command for space operations in September 1982.

Chapter 6 describes the efforts of Air Force Space Command in the 1980s to con-
solidate its control over space systems and move the Air force from an “operational
agenda” for space to the creation of an “operational mindset” for space. Along the
way the command had to achieve an effective working relationship with a new uni-
fied United States Space Command and deal with the space launch crisis resulting
from the Challenger disaster. By the end of the decade Air Force leaders increasingly
referred to the “operationalization” of space in making space systems critical to the
warfighter.

Chapter 7 focuses on the role of space in the Persian Gulf War in early 1991. This
conflict represented the coming of age of military space by demonstrating the value
of an “operational mindset” for space. During Desert Storm, space systems that
traditionally had supported strategic requirements proved sufficiently flexible to
provide essential tactical support to the warfighter.

The final chapter serves as both a summary of the Air force space story and a
point of departure for assessing Air Force space prospects for the new century. The
Gulf War provided the momentum for the Air Force to take advantage of the fur-
ther technological growth and refinement of military space systems and the emerg-
ing trends toward greater military use of civil and commercial space capabilities in

XX



Preface

order to better institutionalize space within the Air Force. The study concludes with
an assessment of the Air Force’s leadership position in the ongoing debate over ser-
vice roles and missions and its vision for the nation’s space program as the United
States prepared to enter the 21st century.

In preparing this study I received help from many quarters. Above all, I wish to
thank the historians at Air Force Space Command—Director of History Mr. George
W. “Skip” Bradley, and Dr. Rick W. Sturdevant and Dr. Rick Eckert. All three read
the entire manuscript and provided wise counsel and unstinting encouragement.
Skip Bradley directed the project with a firm hand and provided full access to the
wealth of information in the commands historical archives. Rick Sturdevant tracked
down many documents and labored mightily to have classified material down-
graded and made available for my use. The knowledge he shared through many
hours of discussion contributed substantially to my understanding of key policy and
technical issues. Of special note, early in the project we elected to defer more com-
plete coverage of the Air Force-National Reconnaissance Office relationship until

a larger portion of the historical record is accessible. Rick Eckert offered important
suggestions from his perspective as the primary author of the space chapters in the
command’s periodic histories. He also performed the final editing of the manuscript
as well as completed the design and page layout in preparation for printing. I also
wish to acknowledge the outstanding administrative support provided by Ms. Karen
Martin of the command’s Office of History.

I am especially indebted to three historians who agreed to read and comment on
the initial draft for accuracy and clarity. Mr. R. Cargill Hall, the person responsible
for contract histories at the Center for Air Force History, offered many insights
based on his extensive knowledge and long experience in the civilian and military
space communities. NASA historian Dr. Roger Launius provided valuable sugges-
tions on the portions of the study dealing with early rocket developments and
issues affecting Nasa. I also greatly benefited from the comments of Dr. Donald R.
Baucom, Ballistic Missile Defense Organization historian, whose understanding
of missile defense and the Strategic Defense Initiative is second to none. They, of
course, are not responsible for my interpretation of the Air Force space story.

Individuals at two major military archives also deserve special thanks. Dr.
Timothy C. Hanley and Dr. Harry N. Waldron, III of the Space and Missile Systems
Center at Los Angeles Air Force Base, California, generously allowed me extensive
use of their important document collection that begins with records of the Western
Development Division in the early 1950s. Colonel Richard S. Rauschkolb, com-
mander of the Air Force Historical Research Agency at Maxwell Air Force Base, Al-
abama, also went beyond the call of duty to support my research efforts. As a result,
I benefited from the knowledge and helpfulness of the agency’s outstanding group
of archivists and historians. I also wish to acknowledge Dr. Thomas Fuller, United
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States Space Command historian who furnished useful documents on contempo-
rary space issues as well as his perspective on issues affecting the unified command.
Additionally, I am grateful to Lee D. Saegesser, Nasa Headquarters History Office
archivist, who provided sound advice and access to his substantial holdings on Air
Force-NaAsa issues.

Special thanks are owed to two individuals central to the Air Force story. Gen-
eral Bernard A. Schriever, the “father” of the Air Force space program, gave me the
benefit of his views on the early years, and former Air Force Secretary and Director
of the National Reconnaissance Office John L. McLucas helped broaden my under-
standing of space programs and issues during the 1960s and 1970s.

Finally, it should be recognized that a book of this nature could not have been
completed without the benefit of the work done by the Air Force space pioneers and
the historians who documented and recorded the Air Force story. We who are their
heirs are forever in their debt.

David N. Spires
Spring 1997
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INTRODUCTION
The Dawn of the Space Age

In making the decision as to whether or not to undertake construction of
such a [space]craft now [1946], it is not inappropriate to view our present
situation as similar to that in airplanes prior to the flight of the Wright
brothers. We can see no more clearly all the utility and implications of
spaceships than the Wright brothers could see fleets of B-29s bombing
Japan and air transports circling the globe.’

and Development) study on the feasibility of artificial earth satellites aptly

characterized the challenge and uncertainty surrounding the country’s initial
foray into the space age. Postwar skeptics dismissed proposed satellite and missile
projects as excessively costly, technologically unsound, militarily unnecessary, or
simply too “fantastic,” while space advocates themselves remained hard pressed
to convince opponents and stifle their own self-doubts. Space represented a “new
ocean,” a vast uncharted sea yet to be explored. The dawn of the space age brought
many questions but offered few answers. Could satellites be successfully produced,
launched, and orbited? If technically feasible, what military—or civilian scientific—
functions should they perform? How should space functions be organized? What
space policy would best integrate space into the national security agenda? What
should be the Air Force role in space?

In 1946, the authors of the first Air Force-sponsored Project Rand (Research
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In view of the uncertainties involved, the period from the close of the Second
World War to the launching of the first Sputnik in the fall of 1957 proved to be
the conceptual phase of the nation’s space program. Only by the mid-1950s, a full
decade after the 1946 Rand study, could observers identify two sides of a national
space policy that would characterize the American space program from the Eisen-
hower presidency to the present day. One side comprised a civilian satellite effort,
termed Project Vanguard, designed to launch a scientific satellite by the end of 1958
as part of the International Geophysical Year. The other, an Air Force-led military
initiative, sought to place into earth orbit a strategic reconnaissance satellite capable
of providing vital intelligence about Soviet offensive forces.?

The Air Force played a central role during the formative era before Sputnik
and afterward when the nation’s leaders established space policy and organized to
confront the Sputnik challenge. The National Space Act of 1958 created the civilian
agency, the National Air and Space Administration (NAsA), to operate the civilian
space effort, while the Air Force and other military services and agencies jockeyed
for position within the Defense Department and the overall national space program.
Although the Air Force won the contest for military “supremacy” among the servic-
es, it seemed to many Air Force leaders that the policy of promoting the “peaceful
uses of space” meant a diminished role for Air Force space interests and a threat to
the nation’s security. Nevertheless, by the end of the Eisenhower administration, the
Air Force space program revealed the basic defense support mission characteristics
it would retain for the remainder of the century.

Arnold and von Karman Form a Partnership

The Air Force space saga began with the partnership of General Henry H. “Hap”
Arnold, Commanding General of the Army Air Forces (aAAF), and the brilliant
scientist, Dr. Theodore von Karman, Director of the Guggenheim Aeronauti-

cal Laboratory at the California Institute of Technology (GaLciT). Together they
provided the emerging Air Force with a strong research and development focus and
championed Air Force interests in the new missile and satellite fields. Their legacy
would endure.

Hap Arnold and Dr. von Karman first met in 1935, when Arnold visited his
friend, Dr. Robert Millikan, head of the California Institute of Technology (Cal
Tech) in Pasadena, California, while serving as commander of the First Wing, Gen-
eral Headquarters Air Force, at neighboring March Field. The two men could hardly
have appeared more different. Arnold radiated physical energy and heartiness from
his large frame, while the short, slender intellectual Hungarian émigré exuded a
quieter, less forceful presence. Yet the two men took to each other immediately.

The Air Corps brigadier general’s long-standing interest in aviation technology and
association with the National Advisory Committee for Aeronautics (NacA) helped
spark an immediate personal and professional friendship. Back in the First World
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War Arnold had participated in primitive pilotless aircraft tests, and later served as
a military representative to the NacA. For his part, renowned aerodynamicist von
Karman later recalled that while Arnold had no significant technical background or
training, he possessed an appreciation for what science could contribute to aviation
and the “vision” to persevere against long odds.’

After their first meeting, Arnold often visited Cal Tech to observe wind tunnel
experiments and discuss with von Karman various aeronautical and, especially,
rocket propulsion initiatives Cal Tech had just undertaken. Von Kirman, who had
established his reputation in structures and fluid dynamics as well as aerodynam-
ics, showed the foresight to support a research project first proposed in 1936 by
his bright graduate student, Frank Malina. Malina and his four-man team, known
as the “suicide squad,” had formed the aLciT Rocket Research Group to develop
both high-altitude sounding rockets and rocket-powered airplanes along the lines
described by Austrian theorist, Dr. Eugen Saenger. With Cal Tech’'s move into
rocketry, von Karman's research placed him squarely at the center of the two areas
of propulsion that would take the Air Force to “the fringes of space” One was the
aerodynamic approach, represented by the Naca, which involved jet-propelled air-
breathing “cruise” missiles; the other, astronautical approach, encompassed rocket-
powered “ballistic” missiles.*

NACA and the Rocketeers Lay the Groundwork
Since its founding in 1915, the National Advisory Committee for Aeronautics had
served as the major government agency performing experiments in basic aviation
technology and advanced flight research. During the 1920s and 1930s its research
engineers worked closely with the Army, Navy, the Bureau of Standards, and the in-
fant aircraft industry to improve aircraft design and performance. Relying primarily
on wind tunnels at its Langley research laboratory in Virginia, its research led to use
of retractable landing gear, engine cowlings, laminar flow airfoils, and low-winged
all-metal monoplanes. It developed an outstanding reputation for its work in aero-
dynamics and with aerodynamic loads. Chartered to benefit both civil and military
aviation, the Naca generally performed the research and left to the military services
and industry the practical development of aircraft design and production. During
the 1930s, the country’s focus on Depression issues and budget retrenchment con-
vinced the NACA to remain a small agency with interests primarily in aerodynamics.
On the eve of World War II, Chairman Vannevar Bush’s organization employed only
523 people and operated one research laboratory at Langley Field.s

Wartime, however, brought major expansion in the number of personnel, broad-
er responsibilities in the area of structural materials and powerplants, and the addi-
tion of two new laboratories, one adjacent to Cleveland’s municipal airport, and the
other next door to the naval air station at Moffett Field forty miles southwest of San
Francisco. During the war the NAca served as the “silent partner of US airpower,”
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and solved a host of aeronautical problems. Alarmed by reports of German turbojet
developments in 1940, for example, the NACA established a Special Committee on
Jet Propulsion, and followed in 1944 with a Special Committee on Self-Propelled
Guided Missiles. Although the Naca intended to work diligently with the Navy and
Army Air Forces on these threats, the need to provide “quick fixes” throughout the
conflict meant that basic research became secondary. At war’s end the Naca proved
eager to learn from the war by continuing its cooperative research efforts with the
military. In an agreement signed between the NAca and the services in 1946, the
parties agreed that “the effects of accelerated enemy research and development
in preparation for war helped to create an opportunity for aggression which was
promptly exploited. This lesson is the most expensive we ever had to learn. We must
make certain that we do not forget it

The NACA’s postwar vision embraced support of American supersonic flight
probes by means of small solid-propellant sounding rockets, and the “x” series of |
high-altitude, rocket-propelled research aircraft. The first rocket-powered aircraft, '
Bell Laboratory’s x-1, broke the sound barrier on 14 October 1947 with Captain
Charles “Chuck” Yaeger at the controls. His historic flight became the first of many
increasingly higher and faster experimental aircraft flights toward the fringes of )
space. The last, the single-place x-20A Dyna-Soar (named for dynamic soaring),
would be the Air Force’s best hope to launch a manned boost-glide rocket aircraft
to the border of space. Although it did not become operational after initial develop-
ment in the late 1950s, the Dyna-Soar served as a precursor of the Space Shuttle of
the 1980s. Although the NACA expressed interest in rocket propulsion, its focus re-
mained centered on aerodynamic experiments and manned flight within the earth’s
atmosphere. Space research seemed wholly outside its experience and interests.”

Rocketeers Lead the Way

Spaceflight represented a challenge far more daunting than traditional aviation.

Although future Air Force leaders would lay claim to spaceflight as a logical exten-

sion of Air Force operations in the atmosphere, aviation technology offered only

limited solutions on the road to outer space. Although the technical advances that

led from reciprocating to jet turbine engines powered aircraft higher into the upper

atmosphere, the oxygen-dependent airplane remained confined to the atmosphere. !
Rockets, on the other hand, operate independent of the atmosphere by relying on

their own internal propellants: fuel and oxidizer. In their flight through increasingly

thinner atmosphere on the way to airless space, rockets become progressively more

efficient. Although the post-World War II American rocket research airplanes could

provide useful information on the guidance and control challenges facing vehicles

in the upper atmosphere, their small rockets could never break the bonds of grav-

ity, and they remained primarily aerodynamic vehicles. To operate either manned .
spacecraft or instrumented satellites in outer space, rockets needed sufficient thrust
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to boost their payloads into orbit where centrifugal force balanced the earth’s gravi-
tational field.®

The challenge of manned spaceflight had captivated the imaginations of dreamers
for centuries. Yet their ideas remained only idle musings until technological prog-
ress in the late 19th century led serious enthusiasts to consider liquid-propellant
rockets as “boosters” of spacecraft. Among the pioneers of liquid-propellant rocket
research linked to visions of manned spaceflight, three men — Russian Konstantin
Tsiolkovsky, German-Romanian Hermann Oberth, and American Robert God-
dard—paved the way for the successful military and civilian space programs of the
second half of the 20th century. While their research initially led to production
of bombardment rockets for use by their respective military forces in the Second
World War, they all remained committed to visions of spaceflight.®

The earliest of the space triumvirate, mathematics teacher Konstantin Eduar-
dovich Tsiolkovsky, in 1895 published the first technical essays on artificial earth
satellites. By the end of the century, he had worked out the theory of a liquid-fueled
rocket dependent on kerosene to achieve sufficient exhaust velocity. For the next 20
years he immersed himself in theoretical studies but remained largely unknown to
the world outside Russia. Yet, by the time of his death in 1935, his pioneering work
had helped the Soviets establish a strong prewar rocket and jet-powered aircraft
development program which led to the space program of the postwar era.

Although Hermann Oberth also taught mathematics and produced important
theoretical studies on spaceflight, he assumed the role of publicist for rocketry and
space exploration to enthusiastic European audiences after World War 1. In 1923 he
established his reputation in the new field of astronautics with the seminal publica-
tion, “The Rocket into Interplanetary Space,” in which he described the technical
requirements for propelling satellites into earth orbit. In 1927 he helped found the
German Society for Space Flight, which became the most influential of the numer-
ous rocket societies in Europe. By 1931, Oberth’s work with the Society came to the
attention of the German Army, which saw in sponsorship of the young rocket sci-
entists a means of obtaining bombardment rockets for an army sorely constrained
by the Versailles Treaty. Among the Society members who joined the Army project
in 1932 was a 20-year old engineer named Wernher von Braun. After 1933, the
Nazi regime expanded the Wehrmacht program and in 1937 began developing the
Peenemuende experimental site on the Baltic coast under supervision of Captain
Walter Dornberger. Although von Braun and his colleagues had now to focus on
long-range rockets to help fuel Germany’s military expansion, they continued to
dream of manned spaceflight. During the Second World War, while the Luftwaffe
produced the V-1 aerodynamic pulse-jet “cruise” missile, the Wehrmacht’s Peen-
emiinde rocketeers developed the far more impressive “big rocket,” the v-2. Known
as the A-4 to the rocket specialists, the v-2 measured 46 feet in length, weighed
34,000 pounds, and approached a range of 200 miles under 69,100 pounds of thrust
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produced by its liquid-propellant engine. To the Allies the v-2 presented a fright-
ening weapon that could not be thwarted with any known defense. After the war
Americans discovered that German plans had called for an intercontinental ballistic
missile to strike New York by 1946. To the German rocketeers, however, the A-4 al-
ways represented the first rung on the ladder to space. After the war, the American
Army’s Operation Paperclip brought Dornberger, von Braun, and a host of other
German rocket experts to the United States, where they joined the Army’s rocket
program —with their visions of spaceflight still alive.*

The German rocket specialists freely acknowledged their debt to American rocket
pioneer, Robert H. Goddard. Unlike his Russian and German contemporaries,
Goddard immediately moved beyond theoretical studies to practical experimenta-
tion. He always found applied research more exciting than theoretical studies. From
his post as a physics professor at Clark University, Goddard began experimenting
with powder rockets, and in 1914 received a patent for his liquid-propellant rocket
engine. In 1920 the Smithsonian released his highly technical paper, “A Method of
Reaching Extreme Altitudes,” which described various rocket-propelled experi-
ments that could be conducted as high as 50 miles in altitude. His paper also in-
cluded a theoretical argument for rocketing a payload of flash powder to the moon,
which drew public censure after a New York Times reporter ridiculed the idea in
print. The experience left Goddard badly scarred and more than ever inclined to
focus on private research. By 1926 he had built and tested the first liquid-propel-
lant rocket, and in 1935 successfully launched a gyroscopic-stabilized rocket to an
altitude of 7000 feet. Eventually, the prolific experimenter amassed an amazing 214
patents for his designs and devices. But Goddard preferred working alone and jeal-
ously guarded his work from other space enthusiasts like the intrepid members of
the fledgling American Rocket Society.

In the 1930s Goddard moved his increasingly complex liquid propellant experi-
ments from Massachusetts to the New Mexico desert, wh