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To the Employees of the
National Aeronautics and Space Administration
During Its First 50 Years
and Their Predecessors at the .
National Advisory Committee for AeronajuticH-‘.

—

Ob! I bave slipped the surly bonds of Earth
And danced the skies on _laitgbter—sil:vered wings;

Sunward I've climbed and joined the tumbling mirth
of sun-split clouds—and done a bundred things

You have not dreamed of—wbheeled and soared and swung
High in the sunlit silence. Hov’ring there,

T've chased the shouting wind along, and flung

My eager craft through footless falls of air . . .

Up, up the long, delirious, burning blue

T've topped the wind-swept beights with easy grace
Where never lark, nor even eagle flew—

And, while with silent lifting mind I've trod

The high, untrespassed sanctity of space,

Put out my hand and touched the face of God.

“High Flight”

by Pilot Officer John Gillespie Magee, Jr.

No. 412 squadron, Royal Canadian Air Force (RCAF)
Killed 11 December 1941 atage 19

A poem beloved by aviators and astronauts alike
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Introduction

After considerable discussion in the wake of the Soviet launch of Sputnik, in the
spring of 1958 President Dwight D. Eisenhower ordered that a bill be drafted
to create a civilian space agency for the United States. The bill was sent to
Congress on 2 April 1958, was passed after lengthy congressional debate, and
was signed into law 29 July. When NASA began operations on 1 October 1958,
no one could have foreseen the full scope of the adventures and accomplish-
ments, the triumph and tragedy that would occur under its auspices over the
next 50 years as humans and robots advanced into “the new ocean” of space.

The National Aeronautics and Space Act of 1958 provided for research into
the problems of flight, both within Earth’s atmosphere and in space.' NASA began
by absorbing the earlier National Advisory Committee for Aeronautics (NACA),
established in 1915, including its 8,000 employees, an annual budget of $100
million, three major research laboratories—Langley Aeronautical Laboratory,
Ames Aeronautical Laboratory, and Lewis Flight Propulsion Laboratory—and
two smaller test facilities. It quickly incorporated other organizations, or parts
of them, notably the space science group of the Naval Research Laboratory
that formed the core of the new Goddard Space Flight Center (GSFC); the Jet
Propulsion Laboratory (JPL) managed by the California Institute of Technology
for the Army; and the Army Ballistic Missile Agency (ABMA) in Huntsville,
Alabama, where Wernher von Braun’s team of engineers was developing large

1. The National Aeronautics and Space Act of 1958, as amended, with legislative history showing changes
over time, is available at htip.//history.nasa.gov/spaceact-legishistory.paf.
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rockets, soon to form the core of the Marshall Space Flight Center (MSFC).
Over the next 50 years, each of these NASA Centers—as well as the Kennedy
Space Center (KSC), Dryden Flight Research Center (DFRC), Johnson Space
Center (JSC), and Stennis Space Center (SSC)—would bring its own expertise
to NASA’s goals, whether in aeronautics, rocket technology, launch facilities,
space science, or human spaceflight.

Fifty years after the founding of NASA, from 28 to 29 October 2008, the
NASA History Division convened a conference whose purpose was a schol-
arly analysis of NASA’s first 50 years. Over two days at NASA Headquarters,
historians and policy analysts discussed NASA’s role in aeronautics, human
spaceflight, exploration, space science, life science, and Earth science, as well
as crosscutting themes ranging from space access to international relations
in space and NASA’s interaction with the public. The speakers were asked to
keep in mind the following questions: What are the lessons learned from the
first 50 years? What is NASA’s role in American culture and in the history of
exploration and discovery? What if there had never been a NASA? Based on
the past, does NASA have a future? The results of those papers, elaborated
and fully referenced, are found in this 50th anniversary volume. The reader
will find here, instantiated in the complex institution that is NASA, echoes of
perennial themes elaborated in an earlier volume, Critical Issues in the History
of Spaceflight.*

The conference culminated a year of celebrations, beginning with an
October 2007 conference celebrating the 50th anniversary of the Space Age
and including a lecture series, future forums, publications, a large presence at
the Smithsonian Folklife Festival, and numerous activities at NASA’s 10 Centers
and venues around the country.?® It took place as the Apollo 40th anniversaries

2. Steven J. Dick and Roger D. Launius, eds., Critical Issues in the History of Spaceflight (Washington,
DC: NASA SP-2006-4702, 2006), pp. 7-35, available at http.//history.nasa.gov/SP-2006-4702/
frontmatter.paf.

3. Steven J. Dick, ed., Remembering the Space Age: Proceedings of the 50th Anniversary Conference
(Washington, DC: NASA SP-2008-4703, 2008), available at http://history.nasa.gov/Remembering_
Space_Age_A.pdf, http.//history.nasa.gov/Remembering_Space_Age_B.pdf, and http://history.nasa.
gov/Remembering_Space_Age_C.pdf. Among other 50th anniversary publications are a book of iconic
images, America in Space: NASA’s First Fifty Years, ed. Steven J. Dick, Robert Jacobs, Constance Moore,
Anthony M. Springer, and Bertram Ulrich, foreword by Neil Armstrong (New York, NY: Abrams, 2007); a
400-page 50th anniversary magazine, spearheaded by Edward Goldstein in the Office of Public Affairs,
with reminiscences, articles, and thematic ads, NASA: 50 Years of Exploration and Discovery (Tampa,
FL: Faircount Publishing, 2008), available at NASA's 50th anniversary Web site http.//www.nasa.
gov/50th/50th_magazine/index.html; and Steven J. Dick, Stephen J. Garber, and James J. Deutsch,
“NASA: Fifty Years and Beyond” in Smithsonian Folklife Festival 2008 (Washington, DC: Smithsonian

Xiv



Introduction

began, ironically still the most famous of NASA’s achievements, even in the
era of the Space Shuttle, International Space Station (ISS), and spacecraft like
the Mars Exploration Rovers (MERs) and the Hubble Space Telescope. And
it took place as NASA found itself at a major crossroads, for the first time in
three decades transitioning, under Administrator Michael Griffin, from the
Space Shuttle to a new Ares launch vehicle and Orion crew vehicle capable of
returning humans to the Moon and proceeding to Mars in a program known
as Constellation. The Space Shuttle, NASA’s launch system since 1981, was
scheduled to wind down in 2010, freeing up funds for the new Ares launch
vehicle. But the latter, even if it moved forward at all deliberate speed, would
not be ready until 2015, leaving the unsettling possibility that for at least five
years the United States would be forced to use the Russian Soyuz launch
vehicle and spacecraft as the sole access to the ISS in which the United States
was the major partner.

The presidential elections a week after the conference presaged an immi-
nent presidential transition, from the Republican administration of George W.
Bush to (as it turned out) the Democratic presidency of Barack Obama, with
all the uncertainties that such transitions imply for government programs. The
uncertainties for NASA were even greater, as Michael Griffin departed with the
outgoing administration and as the world found itself in an unprecedented
global economic downturn, with the benefits of national space programs
questioned more than ever before. There was no doubt that 50 years of the
Space Age had altered humanity in numerous ways ranging from applications
satellites to philosophical world views.* But NASA was still forced to justify its
programs alongside all other federal agencies.

Throughout its 50 years, NASA has been fortunate to have a strong sense
of history and a robust, independent, and objective history program to docu-
ment its achievements and critically analyze its activities. Among its flagship
publications are Exploring the Unknown: Selected Documents in the History
of the U.S. Civil Space Program, of which seven of eight projected volumes

Institution, 2008), pp. 34-53. For a unique international perspective, written by representatives from
each of the major space agencies, including NASA, see P. V. Manoranjan Rao, ed., 50 Years of Space:
A Global Perspective (Hyderabad, India: Universities Press, 2007), published on the occasion of the
International Astronautical Congress held in Hyderabad near the 50th anniversary of the Space Age.

4. Steven J. Dick and Roger Launius, eds., Societal Impact of Spaceflight (Washington, DC: NASA SP-
2007-4801, 2007), available at http.//history.nasa.gov/sp4801-part1.paf and hitp.//history.nasa.gov/
5p4801-part2.paf,
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were completed at the time of the 50th anniversary.’ The reader can do no
better than to turn to these volumes for an introduction to NASA history as
seen through its primary documents. The list of NASA publications at the end
of this volume is also a testimony to the tremendous amount of historical
research that the NASA History Division has sponsored over the last 50 years,
of which this is the latest volume.

Steven J. Dick
NASA Chief Historian
April 2009

5. John M. Logsdon, ed., Exploring the Unknown: Selected Documents in the History of the U.S. Civil
Space Program, seven volumes (Washington, DC: NASA SP-4407, 1995-2008), available at hitp.//
history.nasa.gov/series95.html. On the NASA history program see Steven J. Dick, Stephen J. Garber,

and Jane H. Odom, comps., Research in NASA History, Monographs in Aerospace History, No. 43, 3rd
ed. (Washington, DC: NASA SP-2009-4543, 2009).
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Chapter 1

NASA at 50

Michael D. Griffin

I want to thank NASA Chief Historian Steven Dick and his colleagues for orga-
nizing this conference, which I think is a very positive addition to our industry.
It allows us to step back for a moment and view NASA and its contribution
to society from a more strategic perspective. I believe that such a perspec-
tive, and the guidance it can provide in regard to our contribution to society,
is our most pressing need as we embark on our next half century. It is too
easy to become mired in the day-to-day tactics of budget defense or program
execution, too easy to lose sight of the larger goal. A look back at history can
provide the context to look forward at what we are doing and why. When I
consider NASA and the nation’s space program in this way, I am drawn again
and again to the overriding need for constancy of purpose in our enterprise,
if we are to obtain anything useful from it.

Of course, our purpose must be the right purpose! Prior to the loss of
Columbia, NASA had a steady purpose for several decades. But I believed then,
and believe now, that our space program was guided by the wrong purpose.
We were doing the wrong things. We were limiting our horizon for human
space exploration to low-Earth orbit, with nothing but indefinite promises of
future programs without timing, funding, or programmatic content.

In the aftermath of Columbia, the Columbia Accident Investigation Board,
and especially Chairman Hal Gehman and Professor John Logsdon, who is here
with us today, recognized and called attention to this lapse. They recognized
the need for an overarching strategic purpose for what we do, a guiding vision
for the nation’s civil space program. Responding to this need, President Bush
put forth the Vision for Space Exploration, now the nation’s civil space policy.
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The goals of that policy were supported, indeed expanded, in two subse-
quent NASA authorization acts, the first by a Republican Congress in 2005, and
the second by a Democratic Congress just this month. This strong bipartisan—
actually nonpartisan—support for NASA and our nation’s space program is very
satisfying. From a policy perspective, in terms of having a clear statement of
national purpose, I think that NASA has not been better positioned in decades.
We have rational, cogent, well-balanced priorities for aeronautics, scientific
discovery, and expansion of the human range of action and exploration, tak-
ing appropriately into account the layout and geography of the solar system.
The policy also respects the nation’s overall funding priorities, setting goals
consistent with the amount of money that can be reasonably made available
for civil space programs.

So we have a good policy. I'd like to see us maintain it. We at NASA cannot
produce results acceptable to anyone—ourselves, the tax-paying public, our
congressional and executive branch overseers, our international partners—if we
churn our portfolio on a regular basis, determining anew after every congres-
sional, or presidential, or senatorial election cycle what NASA’s purpose is to
be. If NASA is to be successful, the Agency must enjoy the stability associated
with planning on decadal timescales. I hope that we can achieve that goal and
maintain it in the future.

Turning to another subject, I am often asked (and especially so as my tenure
comes to its probable end) what my major goals and accomplishments have
been. I must leave any assessment of accomplishments, major or minor, to oth-
ers. I hold firmly to the belief, endemic among credible technical professionals,
that one cannot self-assess. That is why independent peer review is such an
important part of the work of engineers, mathematicians, and scientists. You
who are historians will have to judge my work.

But I can state what my goals were. When I was offered this job, we at NASA
simply did not have technical and managerial credibility with the White House,
Congress, or the public. Now, in my opinion some of that was unfair. There is
always an overreaction to traumatic events, and none is more traumatic than
losing a Space Shuttle and seven lives in full public view. But without regard
to the mixture of substance versus perception, it is simply a fact that, three
and a half years ago, NASA lacked the full measure of technical and manage-
rial creditability that the nation expects of us and that we expect of ourselves.

So to restore that was my first priority, because nothing good can happen
without it. After that, as I have stated publicly many times, I wanted to com-
plete the safe return of the Space Shuttle to flight. That was a policy decision
made by the President and supported by Congress, and it was stalling. It fell
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to me to oversee it. It was not in a good place when I joined the Agency, and
we needed very rapidly to get it on track if it was to be done at all.

To fly the Shuttle safely, we needed to redevelop a management team,
procedures, and methods for doing so. We then needed to do the same thing
to retire it, to bring the program to an orderly and disciplined close. Anyone
can stop flying the Shuttle; to do it in a disciplined and orderly manner is
what NASA and the nation needed and still need. We are working hard on
that task every day.

The purpose of returning the Space Shuttle to flight, as stated by the
President and, again, supported by Congress, was to use it to finish the ISS.
At this point the ISS represents a multidecade international commitment, as
well as a commitment to our nation and ourselves. It is a commitment large
enough in scale and scope that it was judged to be worth the risk of flying the
Shuttle almost 20 more times to finish the job. Doing that job well, efficiently,
and safely was my next highest priority after returning to flight.

If we are ever going to do anything in space beyond the ISS—and I began
this speech by saying how important I thought that was—then it falls to us in
this time to craft a credible human spaceflight architecture that can support
operations in low-Earth orbit, as well as to take us back to the Moon and lay
the groundwork for eventual voyages to Mars. To go to Mars, we will certainly
need much more than is being developed today, but what we develop today
should be designed with an eye toward Mars. In my view, we must create
systems that enable a logical path to the establishment of a permanent base
on the Moon, to a Mars mission, to voyages to the near-Earth asteroids, and
to the servicing of large telescopes and other instruments at the Lagrange
points, as well as other purposes we might not presently envision. We should
work today with an eye toward becoming a permanently spacefaring nation,
a permanently spacefaring society, to do things that build on what has been
accomplished before.

In planning our next spaceflight architecture, I wanted to plan also for the
incorporation of commercially supplied goods and services to the maximum
extent possible. Again in my view, it is long past time to incorporate into
our spaceflight activities the same policy framework that underpinned the
development of aeronautics in the United States throughout most of the 20th
century. There was extensive government sponsorship of aeronautics, and
there was private development of aeronautics, and they fed each other quite
synergistically. Looking back, it seems to me that few things were more central
to the rise of the United States as a world power than the lead we forged in
the development of aeronautics. It allowed us to project power and influence,
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commerce and culture, throughout the world in a fashion never seen before
our time. The analogies to spaceflight are not, of course, exact. Spaceflight is
not aeronautics. But I believe that there are analogies, and that we have not
taken proper advantage of them as a matter of government policy. I wanted
to do whatever I could to stimulate the commercial development of space as
Administrator.

We must understand the proper relationship between governmental and
commercial space endeavors. I see important roles for both. But with the his-
tory of space development coming about as it did, as a response to Cold War
tensions, I think we had what I sometimes call an “excess of government.” But
actually, that’s the wrong term. We certainly do not have an excess of govern-
ment activity in space, but we do have an insufficiency of private enterprise.

I believe that a key role of government in the development of space is to
define, occupy, and extend the frontier of human action and scientific discov-
ery. That is an inherently governmental role; industry cannot make a profit
doing it. It’s not a productive area for free enterprise, yet. And yet, societies
that do not define, occupy, and extend the frontier of human action and sci-
entific discovery will inevitably wither and die. So in my opinion it is a public
responsibility, one in which we share the risk as a society.

Now government activity is often inefficient, while properly regulated capi-
talism is one of the best mechanisms we have found to allocate the resources
of a society efficiently. So, I think an important role of commercial enterprise
in the development of the space frontier is to help meet government policy
goals efficiently. Government’s role should be to help bring about the develop-
ment of space commerce by providing a stable market for service and stable
requirements to be met by industry. If industry can meet those requirements,
it will almost certainly do so more efficiently than can government. But indus-
try cannot work in an environment where the market lacks stability over the
development and sales life cycles of the products and the services they wish
to furnish. It cannot be done. So we need a stable policy environment on
the part of government in order to enable the kind of space commerce that I
believe we would all like to see.

Similarly, international cooperation in spaceflight offers many advantages
to the United States as well as to our partners. As a world power, there are
things we must do that don’t make other people happy, and yet we must do
them. Leadership in great enterprises is a hallmark of a great nation, but lead-
ers need allies and partners. We cannot function in the world if every hand
is turned against us, or even if others are indifferent to us. So it behooves us
to look proactively for things we can do with others to bind us together in



NASA at 50

common cause. And it is my observation that every society in the world, when
it reaches the stage of technical maturity where it can begin to do something
in space, does so. It is an arena which everyone seems to find uplifting, excit-
ing, and appealing.

We live in a time, possibly the last time, when only the United States has
the technical and financial wherewithal to provide the leadership of great
activities in space. I wanted to capitalize on that fact and to take advantage
of the hard-won partnerships that have been developed in the course of the
Space Station program, where we were really learning how to do these large-
scale enterprises in a manner that worked for everybody. I wanted to take that
partnership forward to the Moon and to add new members to it. I wanted to
keep faith with our partners on the ISS today and return with them to the Moon,
establish a research base there, and eventually go on to the near-Earth asteroids
and to Mars. Bringing together that collaboration was a major priority for me.

I wanted to do all this while maintaining the scientific excellence of our
space science program today. I'm often asked why I've put so much emphasis
into human spaceflight in my tenure as Administrator. And the answer has
always been easy—I love everything we do, but when I showed up at the
Agency our science program wasn’t broken and our human spaceflight program
was. I frankly didn’t have enough hours in the day to do all that needed to be
done, and I think most of our management team here could say the same. So,
I spend my time and that of our management team where it is most needed.
Now, our science program will always have important issues, and we need to
work hard to keep it the best in the world. But it wasn’t broken, and so I felt
that I would do well if we could simply avoid creating collateral damage to
our science program while trying to fix things that were damaged.

Finally, I wanted to restore the standing of NASA’s aeronautic research
program.

If these were the goals, then what have been the main difficulties in
reaching them? The biggest of these arises from what I call “democracy in
action.” I think most of you know that I have spent a good deal of my career
in the Department of Defense (DOD) space program, and there is a saying
that I picked up from some of my military acquaintances. When frustrated by
“the system,” they will point out that we are here to protect democracy, not to
practice it. That analogy is not completely applicable to a civilian organization
such as NASA, but it conveys an important thought in a clever manner.

Winston Churchill noted that democracy was the worst form of govern-
ment, except for all the others. I will add that in a democratic society there is
an inherent tension between the undemocratic autocracy of expertise and the
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plain fact that the universe doesn’t care about the niceties of the democratic
process. Technical problems do not yield to majority opinion or produce results
on schedules compatible with electoral cycles. Nature punishes technical mis-
takes, whether they are made democratically or not. It is important to be right.

It is very difficult to manage a large, visible government program effi-
ciently, because far too many people claim the right to a voice in decisions in
which they may admittedly have a stake, but for which they lack the expertise
necessary to make a useful contribution. When industry is more efficient than
government, it is not because it employs better people, but because decisions
can be made; actions can be taken; results can be assessed; and corrections
can be made, all without engaging anyone not needed for the task. There is
personal authority, responsibility, and accountability in the system, all driven
by the need to produce a profitable result in a competitive environment. When
everyone has a voice, these things are diffused or lacking entirely.

These issues are compounded by any lack of clarity in regard to policy.
What should the goals of the civil space program be? To expand the human
range of action? To explore, to “go boldly where no one has gone before?” To
do more science? To do more technology development? Or are the goals less
noble, such as maintaining full employment at major centers? Or is the goal
just “don’t make waves,” to avoid controversial things like retiring the Space
Shuttle? Or is the goal even more ignoble—just see to it that whatever you are
doing doesn’t fail, doesn’t make a mess?

Actually, all of these things, at one level or another, for one stakeholder
or another, are Agency goals. None of them are entirely compatible, some are
completely inconsistent with others, and in any case there is never enough
money to accomplish them all. There is no single authority in government to
prioritize them. The Administrator isn’t allowed to do it—he can recommend,
but he cannot act alone. Each of the various stakeholders expects his goal to
be the one on top. It’s a difficult environment in which to work.

It is always interesting to me that when a crisis looms—a war, the space
race, a financial collapse—we nearly always decide to invest resources and
authority in what we believe and hope will prove to be expert leadership. We
judge the performance of these leaders on outcome, not process. President
Lincoln replaced a lot of generals before he found his man, but he didn’t deploy
White House staff to the field, and he didn’t give up on the idea that it took a
general to run the army.

We somehow need to balance the tension between the autocracy of
expertise and the need for transparent, democratic processes in government.
It is very difficult. I think it is useful at times to remind ourselves that we live
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in a representative democracy, not a direct democracy, not a plebiscite. In a
representative democracy such as the framers of our Constitution established,
the people do not decide issues directly. The people decide who will decide.
Now, through their delegated authority, it is NASA people who decide issues
concerning the execution of civil space programs. I think you obtain the best
results, the best compromise in the tension of which I spoke, when the lead-
ers of the enterprise possess both demonstrated character and clear expertise.

Expertise without moral character is without value, and good intentions
are no substitute for knowing how things work. We need both in the lead-
ership of NASA. If we look at NASA and don’t clearly see those traits at all
levels, then we still have work to do. If there is not a general understanding
that the people who are running the space agency know what they are doing,
we get a lot of interference in the doing of it. We get more than enough of
it even when the Agency’s leadership is generally thought to be competent
and objective!

Concern over risk is a perennial theme at NASA and among our stakehold-
ers and can be a major impediment to achieving the goals we set. How much
risk should be taken in the name of exploration? My view is that it should be
considerably more than we’re willing to accept today. It is interesting to note
that when Captain Cook set sail on his first voyage to the South Seas, where all
he did was discover Australia and New Zealand, he started out with 94 sailors.
He was praised upon his return, three years later, for losing only 38 of them
to the various hazards of the time: disease, accidents, and hostile action. That
praise is easier to understand when one realizes that the first world-girdling
voyage by Ferdinand Magellan started out with five ships and almost 300 sail-
ors, yet only one ship and 18 sailors made it back to port. Magellan was not
among them. By those standards, Cook did really well.

The current odds of not surviving a Mount Everest climb are just about
1 in 60. This is comparable to, but not as good as, our best estimate for the
loss-of-crew risk is for the Space Shuttle. And yet I would venture to guess
that the average citizen believes that flying in space is more dangerous than
climbing Mount Everest. I haven’t seen any public calls to limit the climbing
of Mount Everest, and yet I see many people who are concerned about the
risk of spaceflight. Why the difference?

Now in all candor, spaceflight is dangerous, and we work hard every day
to make it safer. But a sense of perspective is necessary. I've often noted that
there is a thousand years in time separating the first open ocean voyages by
westerners, the Viking expeditions, from the pleasure cruises that depart Port
Canaveral, a few miles from where our Space Shuttle crews lift off. When the
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Vikings first set sail from Scandinavia, I doubt that anybody envisioned plea-
sure cruises as a future possibility.

While I doubt that those Viking expeditions were anywhere close to being
as safe as flying on the Space Shuttle, we nevertheless have a long way to go in
mastering spaceflight. A very, very long way. It is a risky enterprise and likely
to remain so for centuries to come. It is not something for which everyone has
a taste, nor should they. We fly volunteers. But we cannot—we simply can-
not—define, occupy, and extend the human frontier while at the same time
claiming that we can do it safely—not without badly misusing the word “safe.”

Not terribly long ago I came across an aphorism concerning the settlement
of the West: the pioneers were the ones with the arrows in the front.

So extending the frontier has never been a safe activity, and I think we
are disingenuous if we claim that it will be. We should make it as safe as we
can. We should try not to make the same mistake twice. I often say that our
goal should at least be to make a new mistake. But when we are doing some-
thing which has not been done before, which we barely know how to do at
all, which is just barely within the range of technical possibility, we should
not be surprised when we sometimes fail. As tragic as it is, and as much as
we want to prevent it, as much as we want to fix it so that the accident never
happens again, we shouldn’t be surprised.

I cannot leave the subject of risk, failure, and accidents without noting
that there never has been any such thing as a smart failure. Every failure that
we encounter looks stupid in hindsight. It is. It reflects something we didn’t
know, and would like to have known, and, by the time that the investigation
is complete, feel that we ought to have known. So when we deal with failure
by looking for the guilty parties, my usual suggestion is to start with a mir-
ror. As Shakespeare put it, “The fault, dear Brutus, is not in our stars, but in
ourselves . ...

Speaking of failure reminds me that it comes in many flavors. There are
failures bigger even than the loss of a Space Shuttle and lessons to be learned
from those as well. I'm fond of the comment by Santayana that those who
are ignorant of history are doomed to repeat it. Regarding our own history, I
have often said that the Saturn-Apollo transportation system seems to me to
be unique in the history of successful transportation systems, in that we spent
80 percent of the budget of the Apollo program developing it, less than 20
percent of the budget using it, and then threw it away.

That seems to me to have been irrational. And yet the decision to terminate
Apollo and all that went with it was made during the Nixon administration
with very little, if any, public debate. I certainly don’t recall much discussion;
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if there was, it was lost in that surrounding the Vietnam War. But looking back,
there is a lesson to be learned, and I think the lesson is that it is important to
conserve the gains we make. To save what we’ve built, to adapt it, to reuse it,
to take what works and shed what doesn’t. But we must try very hard not to
lose what we’ve built, because it comes at very high cost. We must not again
throw away capabilities crafted at great expense in terms of money, time, and
human skill.

I will close by commenting on another of the questions I am often asked
when I represent NASA to those outside the Agency, and that is the question
of our impact on society. Looking back across 50 years, I can identify any
number of specific, easily defined contributions stemming from our nation’s
investment in space and NASA. But above these, I think, is a more important
contribution. NASA is the entity which captures what Americans believe are
the quintessential American qualities. Boldness and the will to use it to press
beyond today’s limits. Leadership in great ventures. Those things are better and
more visibly combined at NASA than in any other enterprise in our society. I
think that if we can hold true to our desire to continue to make that kind of
impact, we will have done well.
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Chapter 2

Inside NASA at 50

Howard E. McCurdy

Americans often present the image of Project Apollo and the other great
accomplishments of the early years of spaceflight as prime examples of the
achievements that a properly run government can produce. “If we can send a
man to the Moon,” one journalist observed in a commonly heard refrain, “why
can’t we clean up Chesapeake Bay?” When Al Gore challenged Americans “to
commit to producing 100 percent of our electricity from renewable energy and
truly carbon-free sources within 10 years,” he invoked the memory of Project
Apollo. In a work of dramatic fiction, the actor portraying Gene Kranz in the
movie Apollo 13 repudiates the pessimism of fellow flight controllers with the
announcement that “this is gonna be our finest hour.”!

The exaltation of NASA’s early years has achieved an almost mythical
quality. Such recollections mask the challenges NASA employees faced five
decades ago. Those challenges were no less difficult than the ones confront-
ing the Agency today.

NASA officials entered the Apollo age with an Agency ill-suited to the scale
of the projects they were asked to complete. “NASA had considerable techni-
cal depth,” said one of the people brought in to help organize Project Apollo,

1. Tom Horton, “On Environment: If America Could Send a Man to the Moon, Why Can’tWe . .. ?” Baltimore
Sun (22 July 1984); Al Gore, “A Generational Challenge to Repower America,” 17 July 2008, available
at http.//blog.algore.com (accessed 29 November 2008); Ed Harris as Gene Kranz, Ron Howard
(producer), Apollo 13 (Universal Pictures, 1995).
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“but almost no program management experience.”” Institutional difficulties
were so severe on the Ranger project that NASA lost the first six spacecraft
and Congress launched an investigation into “problems of management” at
NASA Headquarters and JPL.> NASA executives reorganized the Agency thrice,
reformed their program management practices, and brought in outside talent
to show incumbent employees how to do their work.*

Engineers assigned to the Moon race, NASA’s chief undertaking, worked hard
to complete Project Apollo within a firm deadline and a fixed budget. In 1964,
NASA leaders set the cost of the eight-year effort to land the first humans on the
Moon at $19.5 billion. The figure was adjusted to $22.7 billion two years later,
largely to account for the degree to which equipment manufactured to achieve
President John F. Kennedy’s mandate might be used for additional activities. The
actual cost through Apollo 11 was $21.3 billion.’> Part of the mythology of Project
Apollo suggests that engineers compensated for the tight time schedule and high
project risk by relaxing spending constraints. In fact, the project was both cost and
schedule constrained and completed within the parameters established for both.

The eight-year effort did not begin well. Significant cost overruns and
technical problems afflicted Project Gemini, the link between Project Mercury
and the actual Moon landings. By 1963, Project Gemini was over budget and
behind schedule. Officials at JSC (then the Manned Spacecraft Center) told
NASA Associate Administrator Robert Seamans that the Titan II launch vehicle
selected to power Project Gemini was unsafe for human flight. The paraglider
landing system for the Gemini flight capsule did not work. Exacerbating these
problems, Congress cut NASA’s requested appropriation for fiscal year 1963 by
3 percent and President Kennedy rejected NASA’s suggestion that the govern-
ment provide a supplemental appropriation as a means of working through
project difficulties.® If cost growth and the other difficulties had spilled over

2. Quoted from Howard E. McCurdy, Inside NASA: High Technology and Organizational Change in the U.S.
Space Program (Baltimore, MD: Johns Hopkins University Press, 1993), p. 92.

3. R. Cargill Hall, Lunar Impact: A History of Project Ranger (Washington, DC: NASA SP-4210, 1977), p.
252.

4, Arnold S. Levine, Managing NASA in the Apollo Era (Washington, DC: NASA SP-4102, 1982). See also
Robert L. Rosholt, An Administrative History of NASA, 1958—-1962 (Washington, DC: NASA SP-4101,
1966).

5. T. 0. Paine letter to Clinton Anderson, with attachments, 21 November 1969, NASA Headquarters
History Office historical archives (hereafter referred to as NASA History Office). See also Howard E.
McCurdy, “The Cost of Space Flight,” Space Policy 10, no. 4 (1994); 278-279.

6. Barton C. Hacker and James M. Grimwood, On the Shoulders of Titans: A History of Project Gemini
(Washington, DC: NASA SP-4203, 1977), pp. 55-56, 105-116, 123130, 173-175.
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into the Apollo phase, it would have undercut much of the political commit-
ment maintaining the Moon program. Concern with Project Gemini motivated
much of the top-level effort at NASA Headquarters to reorganize the way in
which the civil space agency did its work.

Spending on civil spaceflight activities peaked in 1965. With four years
left before the Moon landing, NASA executives had to grapple with the first
effects of a declining budget. In 1966, NASA Administrator James E. Webb asked
President Lyndon Johnson for $5.3 billion for fiscal year 1967 and $6 billion
in new obligational authority for fiscal year 1968. Webb warned Johnson that
“there has not been a single important new space project started since you
became President.”” NASA’s total appropriation, which had broken through
the $5 billion level in 1964, fell below $4 billion by 1969. While funding for
Apollo remained adequate, the Agency suffered budget cuts that affected many
other flight programs, notably the hope for a vigorous post-Apollo agenda.

Technical difficulties distressed Project Apollo. The Apollo space capsule
was clearly not ready for the human test flights NASA officials planned to con-
duct in late 1966.% The Saturn V rocket, later a symbol of technical invincibility,
drew similar concerns. The first-stage F-1 engines vibrated, producing a form
of oscillation like one might encounter while riding a giant pogo stick. The J-2
engines for the Saturn V rocket presented “the inevitable gaggle of problems”
and “difficulties in manufacturing.” Concern with the capability of contractors
to produce flight-ready equipment for the trip to the Moon deepened after the
Apollo 204 fire that killed three astronauts in January 1967.

In hindsight, the Apollo era may have been NASA’s finest hour, but to
the people working on the civil space program at that time it was a period
of successive challenges. Those challenges were in many ways analogous to
the difficulties affecting the current effort to return to the Moon and explore
beyond. Management difficulties, balky rockets, fixed program budgets, flat or
declining total appropriations, cost overruns on individual programs, technical
difficulties, dissatisfaction with contractors, and accidents and mission failures
were as much a part of the Apollo legacy as the landings on the Moon.

7. Quoted in Robert Dallek, “Johnson, Project Apollo, and the Politics of Space Program Planning,” in
Spaceflight and the Myth of Presidential Leadership, ed. Roger D. Launius and Howard E. McCurdy
(Urbana, IL: University of Illinois Press, 1997), p. 82.

8. Courtney G. Brooks, James M. Grimwood, and Loyd S. Swenson, Chariots for Apollo: A History of
Manned Lunar Spacecraft (Washington, DC: NASA SP-4205, 1979), pp. 208-209.

9. Roger E. Bilstein, Stages to Saturn: A Technological History of the Apollo/Saturn Launch Vehicles
(Washington, DC: NASA SP-4206, 1996), pp. 145, 149.
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NASA employees and their contractors overcame these challenges during
the Apollo era. What characterizes the early years is not the absence of diffi-
culties, but the ability of people to surmount them. This belief that the people
working on the civil space program could overcome those difficulties became
part of NASA’s organizational creed and American mythology, expressed in
phrases such as the repetitive versions of “If we can go to the Moon . .. .”

Deep-seated beliefs such as these come to express what observers char-
acterize as a particular organization’s culture. Organization culture consists of
the most widely recognized values, norms, beliefs, and practices that motivate
employees within a specific institution. The culture often manifests itself in
the form of assumptions that employees make about “what works here.” In
that sense, beliefs about what worked for NASA during the 1960s became
part of the Agency’s overall organizational culture. Large organizations like
NASA—especially those with strong field centers—also possess subcultures.
The subcultures may typify practices at particular installations, but the gen-
eral culture consists of those values, norms, beliefs, and practices widely held
throughout the entire organization.

In 1988, I surveyed NASA employees as part of a larger effort to identify
the principal characteristics of NASA’s organizational culture. The NASA History
Division replicated that survey in 2006. Not surprising, the results of the second
survey mirrored the results of the first. NASA’s central beliefs and practices
are well established and have not changed a great deal during its history, a
conclusion supported by a number of NASA culture studies.'

A central element in NASA’s overall culture is the belief in Agency excep-
tionalism. The belief appears in many ways: confidence that NASA is or was
different from other government agencies, the conviction that it possesses
great technical capability, the idea that it has received a special mandate, and
the less praiseworthy assumption that NASA is a “perfect place.”

Beliefs that employees hold about their institution need not be true in
order to be part of their culture. If a belief is pervasively held, it can influence
behavior even if the belief misrepresents actual conditions. One frequently
heard statement associated with the doctrine of NASA exceptionalism is the

10. See NASA, “NASA Culture Survey Results,” NASA Shared Services Center, 2007; Diane Vaughan, The
Challenger Launch Decision: Risky Technology, Culture, and Deviance at NASA (Chicago, IL: University
of Chicago Press, 1997); McCurdy, Inside NASA.

11. Garry D. Brewer, “Perfect Places: NASA as an Idealized Institution,” in Space Policy Reconsidered, ed.
Radford Byerly (Boulder, CO: Westview Press, 1989).
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belief that NASA recruits exceptional people. When it begins, a new orga-
nization like NASA in the years immediately after its founding may attract a
disproportionate share of zealots and talented people. Over time, however,
the average large organization by necessity is likely to employ a mix of
employees who as a whole reflect the general characteristics of the popula-
tion from which they are drawn. While a few people will be exceptional, the
average organization will consist of average people. Very few institutions can
consistently beat this tendency over long periods of time. Yet NASA employ-
ees consistently express the belief that they do. The belief is not confirmed
by an examination of the social and educational backgrounds of the whole
class of professional employees. Still, it is pervasively believed and forms
the basis for some of the frequently observed behaviors of people within
the organization.'?

The belief in NASA exceptionalism in some ways mirrors the doctrine of
American exceptionalism. The latter refers to the conviction that the United States,
because of its historical circumstances and distinctive institutions, developed
in ways not typical of other nations, especially those in Europe. In both NASA
and America, generally, the doctrine is associated with the influence of the
frontier, the presence of which is thought to encourage traits like innovation
and equality of opportunity. Like the doctrine of American exceptionalism, the
belief in NASA exceptionalism is somewhat controversial, but also influential
in explaining how the people involved think about themselves."

Elements of this characteristic grew out of NASA’s predecessor organi-
zations, most notably the NACA. One of the more curious manifestations of
this legacy was the belief that the NACA’s research Centers were not exactly
part of the government. The NACA employees, including those who became
part of NASA in 1958, understood that they received their paychecks from
the U.S. Treasury. Yet they expressed the conviction that they were different
from the average government employee. They were not federal bureaucrats,
many said; they worked for the N-A-C-A. Many viewed the remainder of

12. See McCurdy, Inside NASA, pp. 50-60, 183; Peter Drucker, “Managing the Public Service Institution,”
Public Interest 33 (fall 1973): 259; Steven J. Dick, “2006 NASA Chief Historian Survey on NASA Culture,”
Office of the Chief Historian, NASA Headquarters, 2007.

13. See Seymour Martin Lipset, American Exceptionalism: A Double-Edged Sword (New York, NY: W. W.
Norton & Company, 1997); Louis Hartz, The Liberal Tradition in America: An Interpretation of American
Political Thought Since the Revolution (New York, NY: Harcourt, Brace, 1955); Frederick Jackson Turner,
“The Significance of the Frontier in American History,” in Rereading Frederick Jackson Turner, by John
M. Farager (New York, NY: Henry Holt, 1994), pp. 31-60.
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Figure 1: Strong in-house technical capability formed the basis for NASA’s original organization culture.
Here, Jet Propulsion Laboratory employees close the metal petals of the Pathfinder lander dispatched to
Mars in 1996. The Sojourner small rover is visible on one of the three petals. NASA Image 96PC-1130

the federal bureaucracy with the same disdain that one might find among
purely private citizens.*

The acceptance of NASA’s exceptional nature grew out of a deeply held
respect for the technical capability of employees recruited to work in the NACA,
other predecessor organizations like the ABMA and JPL, and the early NASA.
Similar convictions can be found in federal organizations such as the National
Institutes of Health (NIH), the Centers for Disease Control and Prevention
(CDO), and the Federal Bureau of Investigation (FBI), whose workers complete
technical tasks within a framework that accords them more independence than
the typical government employee.

The source of NASA’s early technical capability rested with the reputation
of founding groups such as the Space Task Group from the Langley Research
Center that directed Project Mercury and the 125-person German rocket team.
Speaking of the ABMA and its German rocketeers, one leader of the Apollo

14. See James R. Hansen, Engineer in Charge: A History of the Langley Aeronautical Laboratory, 1917—
1958 (Washington, DC: NASA SP-4302, 1987).
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program stated that “their mind set was largely, do it yourself and build it in-
house. To do major contracting . . . was foreign to their experience.”> Comparing
NASA’s experience with that of the U.S. Air Force, one observer explained that
the Air Force relied upon private contractors “because it had neither the depth
of competence found in Army laboratories nor the time to recruit engineers.”'¢

The ABMA and the NACA were different. Their engineering corps and “hands

on” approach instilled a level of technical confidence that encouraged early
NASA employees to believe that they could do their own work when neces-
sary and exercise strong contractor oversight where required. The relationship

between NASA officials and contract workers was much like that of a professor
and a student, one of the members of the German rocket team explained. The

relationship led to a tradition known as “contractor penetration” in which NASA
officials stationed Agency representatives at contractor plants and supervised

contractor work to a high degree.

A number of supporting practices amplified the overall faith in the Agency’s
technical capability. Agency employees placed a great deal of emphasis on
research and testing. Defending the extensive testing on the J-2 engine, an MSFC
engineer explained that “you would never know for sure [how components]
would work until you put them together in the engine.”!” Agency employees
defended a culture in which engineers and scientists took risks and learned
from the failures that inevitably occurred. Employees embraced the traditions
associated with a research and development (R&D) organization in which
missions achieved encouraged new challenges. The latter resulted in an inno-
vation mentality favoring the creation of new missions over the repetition of
old ones as well as experimentation with new technologies.

The latter point deserves special attention. Surveys and interviews generally
confirm the emphasis that NASA employees place on doing new things. So
does the Agency’s history. “If you want to make progress,” said one of NASA’s
top engineers, “you’ve got to design things that have not been done before.”
Yet significant pockets of incrementalism exist with NASA. Incrementalism
relies on small, gradual improvements in existing technologies and the use of
off-the-shelf components. It means tinkering with the old rather than inventing
the new. Change occurs, but it builds upon an established base. The von Braun
rocket team, observed one NASA leader, utilized an incremental approach to

15. McCurdy, Inside NASA, p. 36.
16. Levine, Managing NASA in the Apollo Era, p. 70.
17. Quoted from Bilstein, Stages to Saturn, p. 150.
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Figure 2: Project Apollo joined NASA’s technical competence with large-scale systems management, an
organizing method imported from the U.S. Air Force. Lieutenant General Samuel Phillips and George Mueller
(second and third from the right), who helped install the method, celebrate the launch of Apollo 11 with
Wernher von Braun (with binoculars) and other NASA officials. NASA Image 108-KSC-69P-641

the improvement of launch vehicles. “They were the world’s greatest incremen-
talists that I have ever seen.”'® The security provided by incremental change
existing alongside the desire to undertake new challenges creates a level of
tension that is never fully resolved.

These beliefs and practices—the elementary components of the original
NASA culture—are confirmed by the words of Agency employees and their
attitudes as recorded on various surveys. The beliefs were counterbalanced
during the Apollo era by the introduction of management methods from outside
the Agency. The development of large-scale systems management, an innova-
tion imported from the U.S. Air Force, has been appropriately characterized
by historian Stephen B. Johnson as the “secret of Apollo.”"

18. McCurdy, Inside NASA, pp. 76—77.
19. Stephen B. Johnson, The Secret of Apollo: Systems Management in American and European Space
Programs (Baltimore, MD: Johns Hopkins University Press, 2006).
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NASA scientists and engineers schooled in the traditions of their own techni-
cal superiority did not readily accept the importation of Air Force management
techniques. It would be wrong to say that the great mass of Agency employ-
ees willingly looked outside for help or accepted the management reforms
when they were introduced. Midlevel officials often resisted the presence of
the four dozen Air Force lead managers brought in to reform NASA and what
NASA employees viewed as the intrusion of central control. The introduction
of large-scale systems management, nonetheless, gave top NASA executives
the tools they needed to impose cost, schedule, and configuration discipline
over a number of activities that were less tightly organized during the early
years. Faith in the exceptional nature of their work, belief in their technical
capability, the tradition of in-house activity, and the strength of management
systems imported into the Agency characterized NASA’s early organizational
experience. Such features helped NASA employees attain the capabilities they
needed to complete the Moon landings and the other great programs of the
formative years. Their ability to do so was expedited by a series of special
conditions that helped Agency employees accomplish the tasks they undertook,
adroitly summarized by W. Henry Lambright in his writings on the Apollo
years.?® NASA enjoyed an unusually high level of political support. The civil
space program was a national priority and received attention from legislators
and high-ranking executives, notably the President. When political support for
the civil space program waned, especially after the Apollo fire, members of
the congressional space committees and President Lyndon Johnson protected
the space program. Under James E. Webb and a corps of top NASA executives,
the Agency benefited from nearly eight years of stable administrative leader-
ship under an Administrator with access to the highest political circles. The
newly created Agency went through a “honeymoon” period during which its
budget and workforce expanded rapidly. Agency employees benefited from a
national goal that was simple to understand and perceived to be urgent when
undertaken. When Richard Nixon became President in 1969, the technical and
administrative momentum underlying the Moon program was too strong—and
too close to completion—to be undone.

The cumulative force of these conditions produced a climate in which
NASA employees enjoyed an unusually high degree of discretion in carrying

20. W. Henry Lambright, “Apollo: Critical Factors in Success and Implications for Climate Change” (a paper
delivered at the Solutions Summit for Climate Change, Nashville, TN, 14 May 2008). See also Lambright,
Powering Apollo: James E. Webb of NASA (Baltimore, MD: Johns Hopkins University Press, 1995).
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out their activities. Politicians deferred to the technical judgment of NASA
employees. The latter believed that they had received a firm presidential
mandate and sufficient resources to accomplish it. (Knowledge of the actual
budget battles might have shaken that faith.) The first NASA officials carried
out their work during an era when the public and most government officials
respected scientific and technical judgment. Together, these forces created an
environment in which technical criteria superseded political ones and Agency
officials had far greater control over the content of their work than they would
have in the years to come.

Inevitably, these features changed. The characteristics typifying the early
years of any new administrative agency undergo transformation as the agency
matures. Historians and social scientists have identified the most common
alterations, and NASA was not immune from them. As experience with recur-
ring situations accumulates, so do the number of formal administrative proce-
dures. Rules proliferate and bureaucracy expands, a tendency famously noted
by C. Northcote Parkinson in the law that bears his name. Maturing govern-
ment agencies tend to enter a period of declining flexibility and increasing
conservativism, a phenomenon expertly explained by Anthony Down in his
classic analysis on the life cycle of bureaus. Such transitions are precipitated
by the lessening emphasis given to the agency’s mission and the commensu-
rate decline in the resources provided to it. Declining attention and shrink-
ing resources favor the position of leaders who know how to conserve what
the agency already has. Other issues ascend to the top of the governmental
political agenda. Older agencies remain in place, but their work becomes less
important, and they tend to be less flexible and innovative than they were in
the period immediately following their creation.?!

The location of a maturing agency’s political base often shifts. A newly created
agency can count on the political support of White House and Congressional
leaders for a short period of time. As the agency matures, its early benefactors
focus their attention on other activities or concerns. Over time, newly established
government agencies that once benefited from strong presidential or legislative
leadership come to rely more heavily upon constituency groups for support.
The process, famously noted by sociologist Philip Selznick in his history of
the Tennessee Valley Authority, frequently results in “co-optation,” a process
in which the needs of the clientele become more important for solidifying

21. C. Northcote Parkinson, Parkinson’s Law, and Other Studies in Administration (New York, NY: Ballantine
Books, 1957); Anthony Downs, Inside Bureaucracy (Boston, MA: Little, Brown and Co., 1967).
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Chapter 3

Imagining an Aerospace
Agency in the Atomic Age

Robert R. MacGregor

Much has been written about the 184-pound satellite lofted into the heavens by
the Soviet Union on 4 October 1957. The story is an insidiously seductive one; it
is the romantic narrative of a small metal ball usurping the assumed technologi-
cal authority of the United States. The frenzy of the media and the swift political
backlash seem almost comical in light of the diminutive physical size of Sputnik.

The launch of Sputnik was one of the most disruptive singular events in
the history of the United States.! The temptation to label it a discontinuity
is strong. The year following the Sputnik launch saw the formation of the
Advanced Research Projects Agency (ARPA), the creation of the new post of
Special Assistant for Science and Technology to the President and its associated
President’s Scientific Advisory Committee (PSAC), the transformation of the
NACA into NASA, and the National Defense Education Act. Walter A. McDougall
in . .. The Heavens and the Earth: A Political History of the Space Age traces
the roots of technocracy in America to this “spark”:

Western governments came to embrace the model of state-supported,
perpetual technological revolution . . . . What had intervened to
spark this saltation was Sputnik and the space technological
revolution . . . . For in these years the fundamental relationship
between the government and the new technology changed as

1. For a good overview of the Western reaction to Sputnik, see Rip Bulkeley, The Sputniks Crisis and
Early United States Space Policy: A Critique of the Historiography of Space (London, U.K.: MacMillan
Academic and Professional Ltd., 1991).
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never before in history. No longer did state and society react to
new tools and methods, adjusting, regulating, or encouraging their
spontaneous development. Rather, states took upon themselves
the primary responsibility for generating new technology.?

McDougall has since revised his original argument by noting that the space
technological revolution was an “ephemeral episode in the larger history of the
Cold War, rather than the Cold War having been an episode in the larger story of
the march of technocracy.”® This revisionism addresses the eventual fate of the
space technological revolution. It is the purpose of the current essay to revise the
story of the birth of that technological revolution. Specifically, it will be argued
that the conception of the Sputnik launch as a discontinuity that ushered in a
technocratic revolution in modern America does not fit the historical record. The
environment in which the Sputnik crisis unfolded in the United States was already
saturated with preconceived, technocratic notions of the relation of science to
the state. The crystallization of the new agency that would become NASA was
a process that simultaneously was instigated by a singular event and followed
in the footsteps of institutional ancestors. The two are not mutually exclusive;
contingency must be embedded in a framework of continuity. The precursor of
the space technological revolution was the Atomic Energy Commission (AEC).

“Technocracy” is a contentious term, with definitions running the gamut
from a literal etymological interpretation as “the control of society or industry
by technical experts” to the idolization of science for propaganda purposes
by nonscientific bureaucrats.’ An attempt at a precise definition is necessarily
doomed to failure, but for the purposes of this essay I will adopt McDougall’s
definition of technocracy as “the institutionalization of technological change
for state purposes, that is, the state-funded and -managed R&D explosion of
our time.”® McDougall’s definition captures the key features relevant to the

2. Walter A. McDougall, ... The Heavens and the Earth: A Political History of the Space Age (Baltimore, MD:
Johns Hopkins University Press, 1985), pp. 6-7.

3. Walter A. McDougall, “Was Sputnik Really a Saltation?” in Reconsidering Sputnik: Forty Years Since the
Soviet Satellite, ed. Roger D. Launius, John M. Logsdon, and Robert W. Smith (Amsterdam, Netherlands:
Harwood Academic Publishers, 2000), p. xviii.

. The Oxford English Dictionary (New York, NY: Oxford University Press, 1989).

. A famous example in space history is Nikita Khrushchev’s shrewd tactical use of spaceflight for internal
and external political maneuvering. For an overview of Khrushchev’s manipulation of the space program,
see Asif Siddiqi, Sputnik and the Soviet Space Challenge (Gainesville, FL: University Press of Florida,
2003), esp. pp. 409-460.

6. McDougall, . . .The Heavens and the Earth, p. 5.
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current analysis: massive state funding and intentional control of technological
development to serve state purposes. There exist a myriad of other possible
definitions, which remain outside the scope of the present argument.”

The AEC and NASA are far and away the canonical American institutional
examples of technocracy under this definition. The similarities on the surface
are obvious. Both the AEC and NASA were characterized by geographically
dispersed scientific research laboratories operating as scientific fiefdoms in a
confederate framework.® Both consolidated to a great extent an entire realm
of technology in civilian federal agencies. Unlike other new technologies, such
as the microcomputer or early aviation, both were handed over wholesale to
civilian agencies created specifically to oversee them rather than entrusting
progress to the military or private sector. In introducing the problem the fram-
ers of the Atomic Energy Act faced, AEC historians Richard G. Hewlett and Jack
M. Holl noted: “How does one best go about introducing a new technology
into society? A familiar problem for large manufacturers, the management of
technological innovation was hardly a common function for Federal officials,
except in the area of regulation . . . in the case of nuclear power, the entire
technology was confined within the government.” This fundamental historical
similarity, domination and encapsulation of an entire area of technology by a
civilian government agency, is the basis for the current argument.

7. David Noble in America by Design: Science, Technology, and the Rise of Corporate Capitalism (New
York, NY: Oxford University Press, 1977) inverts the hierarchy and sees this explosion not as state-
centric manipulation, but as a “wholesale public subsidization of private enterprise” to serve the ends of
technocratic corporate managers working as government contractors (p. 322). John Kenneth Galbraith
in The New Industrial State (Boston, MA: Houghton Mifflin, 1967) envisions technocracy as having a
decision-making mind of its own within a given institutional constellation, the “Technostructure,” which
operates autonomously from corporate or governmental intentions, often to the detriment of the public
good. Don Price argues in The Scientific Estate (Cambridge, MA: Belknap Press, 1965) that the fusion
of political and economic power seen in the nuclear and Space Age has corrupted market principles
by creating corporations solely dependent on government subsidies, resulting in a diffusion of political
sovereignty that threatens the American constitutional order. Finally, no discussion of technocracy in
America would be complete without mentioning Frederick Winslow Taylor's Principles of Scientific
Management (New York, NY: Harper & Brothers, 1911), which called for applying scientific principles to
the training and management of workers to replace “rule of thumb” factory methods.

8. Peter J. Westwick, The National Labs: Science in an American System, 19471974 (Cambridge, MA:
Harvard University Press, 2003), perhaps borrowing from dialectical materialism, stresses that the
systemicity of the labs is central to an understanding of their operation. A single national lab cannot
exist in isolation; classified journals and conferences and competition for personnel and research
programs were central issues that defined the individual labs.

9. Richard G. Hewlett and Jack M. Holl, Atoms for Peace and War (Berkeley, CA: University of California
Press, 1989), pp. 13-184.
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This paper will examine the links between atomic energy and the pro-
cesses in the executive and legislative branches that culminated in the signing
into law of the National Aeronautics and Space Act on 29 July 1958. While a
detailed comparative history of the roles, structures, and functions of NASA
and the AEC would immensely contribute to the historical literature, the cur-
rent analysis will focus more narrowly on the way in which the experience
with atomic energy produced unspoken assumptions and shaped the very
imagination of politicians of what the new NASA should and could become
during the 10-month period from the launch of Sputnik to the passing of the
National Aeronautics and Space Act. Specifically, it will be argued that NASA’s
rise in the 1960s as an engine of American international prestige was rooted in
atomic diplomacy and that certain debates in Congress about the new agency
were largely approached from within a framework of atomic energy, thereby
limiting the range of discourse and influencing the shape of the new agency.

While NASA grew by orders of magnitude in the 1960s, the features that
specifically identified NASA as technocratic were frozen into the bureaucracy
in this formative period. The sudden influx of money after Kennedy’s famous
decision to set NASA’s sights on a Moon landing merely inflated NASA’s exist-
ing latent potential.

The Role of Prestige
A large debate in the historiography of NASA Centers is the question of pres-
tige. Is NASA’s mission coincident with or even driven by American political
imperialism? How did national prestige come to be measured by a cosmic
yardstick? These questions are often posed in light of the two temporal sides
of the Sputnik rupture. On the one hand, the Eisenhower administration was
seemingly caught unawares of the worldwide impact the launch of Sputnik
would have on public perceptions of American strength. On the other hand,
John F. Kennedy would soon after catapult his career on the program to send
humans to the Moon, a program that “transformed NASA from a scientific
research agency into a goal-oriented bureaucracy.”'®

In the fall of 1957, high-level officials extrapolated the Sputnik launch into
an across-the-board American deficiency in scientific ability. The Democratic
majority under Senator Lyndon B. Johnson jumped on the opportunity to place
blame on the Republican Eisenhower administration and relaunched hearings

10. Giles Alston, “Eisenhower: Leadership in Space Policy” in Reexamining the Eisenhower Presidency, ed.
Shirley Ann Warshaw (Westport, CT: Greenwood, 1993), p. 117.
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by the Preparedness Investigating Subcommittee of the Committee on Armed
Services in the Senate in late November. General James H. Doolittle provided
one of the early testimonies.! In his testimony, Doolittle felt convinced “that
the rate of Russian progress is much more rapid than ours; that, in some areas,
she has already passed us. If the rate continues, she will pass us in all.”'?

In a meeting of the Office of Defense Mobilization Science Advisory
Committee (SAC) with President Eisenhower on 15 October, Edward H. Land
explained to the President the reasons for Soviet success:?

The structure of Russian culture and thinking is such that they
are learning to live the life of science and its application . . . .
Is there a way to tell the country that we should set out on a
scientific adventure in which all can participate? If this can
be done, with our concept of freedom and the independent,
unfettered man, we can move far ahead. We need a scientific
community in the American tradition.*

Whether or not Land had accurately assessed the Soviet mentality toward
science or the true implications of the Sputnik launch is of little importance. The
notable point is the reaction produced in the very highest echelons of scientific
and military advisory circles. Clearly, the hysteria and “fever” that swept the
country in the wake of the Sputnik launch were not limited to an uninformed
public. Indeed, the media and public were simultaneously concerned with the
integration crisis at Central High School in Little Rock, Arkansas. For those in
the government primarily concerned with national security, Sputnik produced
a larger effect than in the public at large.

11. Doolittle was already famous for his bombing raid on Tokyo shortly after the initiation of hostilities
between the United States and Japan in 1942. He later went on to become chairman of the NACA
board, a position he held at the time of his testimony.

12. Hearings before the Preparedness Investigating Subcommittee of the Committee on Armed Services,
85th Cong., 1st and 2nd sess., pt. 1, p. 111.

13. At the meeting, . I. Rabi noted, “most matters of policy coming before President have a very strong
scientific component” and “he didn’t see around the President any personality who would help keep
the President aware of this point of view.” Eisenhower concurred and “said that he had felt the need for
such assistance time and again.” This discussion led to the suggestion by James Killian for the creation
of a scientific advisory panel to assist the proposed adviser. This would become the PSAC, which began
meeting in November with Dr. Killian as its head. See “Detailed (largely verbatim) notes on a meeting of
the ODM Science Advisory Committee with the President on October 15, 1957,” folder 012401, NASA
Historical Reference Collection, NASA History Division, NASA Headquarters, Washington, DC.

14. Ibid.
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The conception of Sputnik as a discontinuity is linked to the conception
of scientific prestige as a benchmark for national strength. Since Eisenhower
misjudged the impact Sputnik would have on the perception of the United States,
so the argument goes, only after the media frenzy and political attacks of fall
1957 did the administration recognize the importance of science to national
prestige in the international sphere. Even in the face of Sputnik, Eisenhower
seemingly remained steadfast in his dislike of federal bureaucracy and shied
away from setting prestige as a goal of space research. On 7 November 1957,
Eisenhower announced the creation of the post of Special Assistant to the
President for Science and Technology in a televised address on national security.
The address summarized American nuclear assets while noting deficiencies in
science education in America. The speech concluded with a warning against
runaway spending:

It misses the whole point to say that we must now increase our
expenditures of all kinds on military hardware and defense—as,
for example, to heed demands recently made that we restore
all personnel cuts made in the armed forces. Certainly, we need
to feel a high sense of urgency. But this does not mean that we
should mount our charger and try to ride off in all directions
at once. We must clearly identify the exact and critical needs
that have to be met. We must then apply our resources at that
point as fully as the need demands. This means selectivity in
national expenditures of all kinds."

By analyzing metaphor in his speeches and press conferences, Linda T. Krug
notes Eisenhower’s “images created a vision of a nation of scientist-generals
already hard at work planning how to unlock the secrets of the universe.”'
But the conclusion she draws that “Eisenhower was the only president who
saw the space program as a viable entity in and of itself” is based on the
assumption that Eisenhower never clothed hidden intentions in crowd-pleasing

rhetoric.'” Such sweeping conclusions about Eisenhower’s personal views

15. Dwight D. Eisenhower, “Radio and Television Address to the American People on Science in National
Security,” 7 November 1957, available at htip.//www.eisenhowermemorial.org/speeches/19571113%
20Radio%20and%20Television %20Adaress %200n%200ur%20Future %20Security. htm.

16. Linda T. Krug, Presidential Perspectives on Space Exploration: Guiding Metaphors from Eisenhower to
Bush (New York, NY: Praeger Publishers, 1991), p. 29.

17. Ibid.
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cannot be drawn from televised statements. All presidents must maintain a
carefully groomed public persona. While Eisenhower’s public proclamations
often criticized big government, policy decisions and internal White House
discourse did not match his rhetoric.

The National Security Council engaged the question of prestige in relation
to the planned American and Soviet satellite launches during the International
Geophysical Year (IGY) of 1957-1958. A Technological Capabilities Panel (TCP)
was formed in 1954 under James Killian to investigate the satellite question
and other technical issues deemed vital to national security.'® The TCP issued
its final report in February 1955, and the National Space Council (NSC), fol-
lowing the TCP’s recommendation, concluded in May of that year that the
U.S. effort (Project Vanguard) should be given high priority as “considerable
prestige and psychological benefits will accrue to the nation which first is
successful in launching a satellite.”!” The importance of such benefits was
paramount to U.S. foreign policy since “the inference of such a demonstration
of advanced technology and its unmistakable relationship to inter-continental
ballistic missile technology might have important repercussions on the political
determination of free world countries to resist Communist threats, especially
if the USSR were to be the first to establish a satellite.”*

The NSC concluded the U.S. scientific satellite effort should not hinder
military missile developments and, therefore, should be vested in a separate,
civilian-run program headed by the National Science Foundation (NSF). It is
absolutely clear that the Eisenhower administration intended to use the satel-
lite launch to reinforce American scientific prowess in the international arena.

The fact that prestige was an important element after that fateful 4 October
and during the formative period of NASA is uncontroversial. In a PSAC meeting

18. The TCP also drew the famous conclusion that establishing freedom of overflight in space, i.e.,
sovereignty claims of airspace not extending beyond the atmosphere, was in the long-term interests
of the U.S. This was motivated by the expectation that the U.S. would have a large lead over the Union
of Soviet Socialist Republics (USSR) in electronic satellite reconnaissance capability. For an overview of
the TCP and its impact on the freedom of space, see McDougall, . . . The Heavens and the Earth, chap.
5. Dwayne A. Day has recently uncovered documents tracing the origin of this principle to a Central
Intelligence Agency (CIA) intelligence officer, Richard Bissell, and an Air Force aide working for the
CIA. Dwayne A. Day, “The Central Intelligence Agency and Freedom of Space” (paper presented at the
“Remembering the Space Age: 50th Anniversary Conference,” NASA History Division and National Air
and Space Museum Division of Space History, Washington, DC, 22 October 2007).

19. “National Security Council Report 5520: Missile and Space Programs.” See A Guide to Documents of
the National Security Council, 1947-1977, ed. Paul Kesaris (Bethesda, MD: University Publications of
America, 1980).

20. Ibid.

37



NASA’s First 50 Years

in March 1958, Hans Bethe commented, “It would be a great mistake for us
to oppose popular enthusiasm even though misguided.”?! And in a recently
declassified Office of Research and Intelligence Report issued just two weeks
after Sputnik on 17 October 1957, it was concluded:

The technologically less advanced—the audience most impressed
and dazzled by the sputnik [sic]|—are often the audience most
vulnerable to the attractions of the Soviet system . . . . It will
generate myth, legend and enduring superstition of a kind
peculiarly difficult to eradicate or modify, which the USSR
can exploit to its advantage, among backward, ignorant, and
apolitical audiences particularly difficult to reach.??

The report went even further in claiming the United States itself had fanned
the flames of the fire in three ways: “first by fanfare of its own announcement
of its satellite plans, second by creating the impression that we considered
ourselves to have an invulnerable lead in this scientific and technological area,
and third by the nature of the reaction within the U.S.”

The importance of science to national prestige in the Eisenhower admin-
istration existed long before Sputnik; it originated in the experience with
atomic energy. Eisenhower had long been an advocate of using atomic energy
to further U.S. foreign policy, a fact exemplified by his personal championing
of the Atoms for Peace program.

In his 8 December 1953 address to the UN General Assembly, President
Eisenhower called for the establishment of an “International Atomic Energy
Agency” to serve as a stockpile of nuclear materials for peaceful uses around
the world. The proposal was “enunciated by the President almost as a personal
hope,” with few advisers and only one of the five Atomic Energy Commissioners,
Lewis Strauss, aware of the proposal ahead of time.? The original proposal
was devoid of details but is significant in that Eisenhower displayed a personal

21. PSAC Meeting, 12 March 1958. The transcribed notes of the PSAC are spotty at best, and the
argumentative logic is nearly incomprehensible. They are reproduced in The Papers of the President’s
Science Aadvisory Committee, 1957-1961, microfilm (Bethesda, MD: University Publications of
America, 1986).

22. Office of Research and Intelligence Report, “World Opinion and the Soviet Satellite: A Preliminary
Evaluation,” declassified 1993, pp. 2—4, folder 18106, NASA Historical Reference Collection, NASA
History Division, NASA Headquarters, Washington, DC.

23. Hewlett and Holl, Atoms for Peace and War, pp. 210-213.
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desire to use science and scientific prestige as a tool of international diplomacy.
The policy was consciously constructed around the issue of prestige, e.g., the
amount of uranium to be contributed by the United States was set at a high
enough figure that the Soviet Union would not be able to match the American
contribution.?* While the implementation of the plan was slow in arriving,
the middle of the decade saw tangible, albeit often ineffective, international
cooperation in atomic technology with the United States as the international
lynchpin and guarantor of atomic security. Science in the Eisenhower admin-
istration was part and parcel of foreign policy.

The tendency to employ science in the service of international pres-
tige was expressed early on in the discussions concerning a new space
agency. Coincidentally, Eisenhower asked James Killian (then president of
the Massachusetts Institute of Technology [MIT]) to become his personal sci-
ence adviser over breakfast on 24 October, the purpose of the meeting being
Killian’s briefing of Eisenhower in preparation for the Atoms for Peace award
being given to Neils Bohr later that day.?

In an ODM memorandum issued in January for Secretary of Health Arthur
S. Fleming, the analogy to atomic energy was clearly enunciated: “In addition
to the military importance of the scientific satellite one should not overlook
the benefits of adequate emphasis on peaceful applications of rocketry just as
the atoms-for-peace program has served to divert world attention from nuclear
weapons.”? And in a legislative leadership meeting on 4 February, President
Eisenhower cautioned against pouring “unlimited funds into these costly
projects where there was nothing of early value to the Nation’s security. He
recalled the great effort he had made for the Atomic Peace Ship but Congress
would not authorize it, even though in his opinion it would have been a very
worthwhile project.”*

The relation of prestige to spaceflight has trickled down to the present
day. Political pundits still routinely call the value of human spaceflight into
question. NASA is frequently attacked as a wolf in sheep’s clothing; that is,
NASA'’s stated peaceful exploratory goals are often argued to be merely a

24. John Krige, “Atoms for Peace, Scientific Internationalism, and Scientific Intelligence,” Osiris 21 (1996): 164.

25. James R. Killian, Jr., Sputnik, Scientists, and Eisenhower (Cambridge, MA: MIT Press, 1977), p. 24.

26. Executive Office of the President Office of Defense Mobilization, memorandum to Arthur S. Fleming,
“Scientific Satellites,” 23 January 1957, folder 012401, NASA Historical Reference Collection, NASA
History Division, NASA Headquarters, Washington, DC.

27. Supplementary Notes, Legislative Leadership Meeting, 4 February 1958, folder 18106, NASA Historical
Reference Collection, NASA History Division, NASA Headquarters, Washington, DC.
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facade covering deeper political and military motives. The origins of this
dichotomy can be traced directly back to the emphasis placed on prestige
during the conception of NASA in the Eisenhower administration, which
was in turn based on the experience of atomic foreign policy. By the time
a man-in-space investigatory panel was commissioned in 1959 by George
Kistiakowsky, then head of the PSAC, it was clear that putting humans in
space was solely a prestige issue:

In executive session of the panel, we talked about these
things and I emphasized the need to spell out in our report
what cannot be done in space without man. My opinion is
that that area is relatively small and that, therefore, building
bigger vehicles than Saturn B has to be thought of as mainly
a political rather than a scientific enterprise.®

Indeed, it can be concluded that space represented a welcome new opportu-
nity for Eisenhower’s continuing desire to demonstrate American technological
prowess because of a decline in the perception of atomic energy as a positive
international technology, a decline spurred on by rising fears of global nuclear
annihilation. Certainly the destructive element of nuclear technology had been
publicly decried immediately after the Hiroshima and Nagasaki bombings,
but the shift in scale from local (bomber-delivered atomic bombs) to global
(intercontinental ballistic missile [[CBM]-delivered hydrogen bombs) damned
any hope for an unproblematic public perception of nuclear technology. The
first hydrogen bomb tests by the United States in 1952 and the Soviet Union
in 1953 were followed by the irradiation of the Japanese fishing boat Lucky
Dragon 5 by the Castle Bravo test in March 1954, leading to a widespread
public concern over the effects of nuclear radiation.

An illustrative example of the qualitative transformation of atomic energy
in the public imagination can be drawn from science fiction. Isaac Asimov’s
Foundation trilogy, published between 1951 and 1953, portrayed humanity
in the far future as a galactic empire in decline. The Foundation, created by a
visionary scientist who foresaw the collapse of civilization using new histor-
ical-predictive methods, becomes the sole possessor of knowledge of atomic

28. George Kistiakowsky, A Scientist at the White House: The Private Diary of President Eisenhower’s
Special Assistant for Science and Technology (Cambridge, MA: Harvard University Press, 1976), p. 409.
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technology and hence the last hope for humanity’s future.? But by the end of
the 1950s, postapocalyptic novels set in nuclear winter ruled the genre: Nevil
Shute’s On the Beach (1957), Pat Frank’s Alas Babylon (1959), and Walter M.
Miller, Jr’s A Canticle for Leibowitz (1959). Space, then, was a natural avenue
into which the Eisenhower administration could expand its policy of scien-
tific prestige in the service of the state while avoiding the stigmas becoming
associated with nuclear technology.

The National Aeronautics and Space Act of 1958

Of special importance to the current analysis are the sections of the National
Aeronautics and Space Act of 1958 that were inspired by the Atomic Energy
Acts of 1946 and 1954. Specifically, these are the relation of DOD to the new
agency, the role of international cooperation, and the apportionment of intel-
lectual property.

When President-elect Eisenhower was briefed on AEC activities in November
1952, he took special exception to Gordon Dean’s acquiescence to the Air
Force’s demand for atomic-powered plane research in the face of good evi-
dence that such a program would not produce a viable aircraft. “Looking out
the window he declared that this kind of reasoning was wrong. If a civilian
agency like the Commission thought that a military requirement was unten-
able or wasteful in terms of existing technology, there was an obligation to
oppose it.”** This was a prescient moment, for it foreshadowed the problem of
divvying up responsibility between competing civilian and military institutions
during the formation of NASA.

Analogies to the Atomic Energy Commission were widespread throughout
the legislative creation of the new space agency. During the congressional
hearings, Eilene Galloway, a national defense analyst at the Library of Congress,
was invited by representative McCormack (the chair of the House committee)
to write a report on the issues facing Congress in the drafting of the National
Aeronautics and Space Act.>* Her report was widely read and was reprinted
in both the Senate and House proceedings and is notable for several reasons.
First, Galloway drew the immediate conclusion that a comparison to the issues

29. Special thanks to Dan Bouk for pointing out this poignant example from a trilogy | have read four times
yet somehow overlooked: Isaac Asimov’s Foundation (New York, NY: Gnome Press, 1951), Foundation
and Empire (New York, NY: Gnome Press, 1952), and Second Foundation (Gnome Press, 1953).

30. Hewlett and Holl, Atoms for Peace and War, p. 14.

31. Galloway also served as special consultant to Lyndon Johnson during the Senate hearings and has
since become a noted aerospace historian.
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facing the drafters of the Atomic Energy Act of 1946 (informally known as the
McMahon Act) would be fruitful. To Galloway, the similarities were obvious:

Atomic energy and outer space are alike in opening new frontiers
which are indissolubly linked with the question of war and peace.
They combine the possibility of peaceful uses for the benefit of
man and of military uses which can destroy civilization. Both
are national and international in their scope. They involve the
relation of science and government, the issue of civilian or military
control, and problems of organization for the executive branch
and the Congress. If only their similarities are considered, the
legislative task would appear to be the easy one of following
the pattern of our present atomic energy legislation.??

According to Galloway, the dissimilarities between the two are centered on
the problem of delineating military and civilian aspects of aerospace technology.
While the boundaries are reasonably clear in the atomic case (bombs versus
reactors), nearly every aspect of aerospace technology overlaps the two sides of
the military-civilian divide. This is perhaps an oversimplification in that much
effort had gone into the Atomic Energy Act of 1954 to allow the development
of a civilian atomic energy industry, and the civilian-military divide in practice
was quite problematic. Still, it remains true that, in the case of atomic energy,
a relatively clear boundary between civilian and military applications could
be established through strict regulation of nuclear materials. In the case of
NASA, this was not true; yet still a formal divide was automatically assumed
to be of paramount importance. In part this was due to concerns of needless
duplication of effort and bureaucratic infighting over jurisdictional matters.
However, previous experience with the AEC weighed heavily on lawmakers,
particularly in the House of Representatives, who now saw science as intimately
tied up with national security and felt a need for such a relationship to be
codified in law. The administration favored a more informal relationship, as
had been the case with the NACA. Both sides weighed heavily on precedent
to reinforce their arguments.

The debate surrounding the obligations of the new space agency to DOD
and vice versa has long been the center point of the history of the National

32. Eilene Galloway, The Problems of Congress in Formulating Outer-space Legislation (Washington, DC:
U.S. Government Printing Office [GPO], March 1958).
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Aeronautics and Space Act of 1958. This is for the reason that the delinea-
tion of the role of military and civilian agencies has obvious current political
implications, but it remains true that much of the contemporary debate also
surrounded the issue. The wording of §102(b) of the National Aeronautics and
Space Act established the following criterion by which specific projects could
be judged to be NASA- or Defense-centric:

The Congress declares that the general welfare and security
of the United States require that adequate provision be made
for aeronautical and space activities. The Congress further
declares that such activities shall be the responsibility of, and
shall be directed by, a civilian agency exercising control over
aeronautical and space activities sponsored by the United
States, except that activities peculiar or primarily associated
with the development of weapons systems, military operations,
or the defense of the United States . . . shall be the responsibility
of, and shall be directed by, the Department of Defense . . . .3

The Act also established a National Aeronautics and Space Council headed
by the President and including the Secretary of State, Secretary of Defense,
NASA Administrator, and the Chairman of the AEC. The inclusion of the AEC
Chairman here is quite curious. In addition, any disputes between departments
and agencies over jurisdictional matters were to be settled by the President
under advisement of the council.

The original Bureau of the Budget draft bill was quite different from the
arrangement in the AEC, which embodied communication with DOD in its
Military Liaison Committee. In his official commentary sent to the Bureau of
the Budget on the original bill, Strauss suggested “the act provide for inter-
agency liaison similar to that which has operated so satisfactorily in the case
of the Military Liaison Committee in the atomic energy program.’> The House
bill included such a liaison committee and, in addition, another for the AEC.
The administration had favored informal cooperation in the form of uniformed
seats on the advisory committee in the same style as the NACA had tradition-

33. National Aeronautics and Space Act of 1958, Public Law (P.L.) 95-568, available at hitp.//history.nasa.
gov/spaceact.html. Emphasis and ellipses added.

34. Lewis Strauss to Maurice Stans, Director of the Bureau of the Budget, 31 March 1958, folder 012405,
NASA Historical Reference Collection, NASA History Division, NASA Headquarters, Washington, DC.
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ally pursued. The Senate kept the administration’s arrangement. In the final
compromise bill, the military liaison committee was added, while the AEC
liaison was dropped.

An internal Bureau of the Budget memo in May snidely remarked on the
House bill that “among the trappings of the Atomic Energy Act inserted in this
bill are sections establishing and prescribing the functions of a Military Liaison
Committee and an Atomic Energy Liaison Committee. Both Committees are
to be headed by chairmen appointed by the President . . . . The Department
of Defense as well as NACA has opposed this creation of statutory liaison
committees, and every effort should be made to secure their elimination in
the Senate.” The inclusion of the liaison committees in the House bill sug-
gests a strong tendency to adopt portions of the AEC paradigm wholesale. It
is particularly remarkable in this case because the civilian-military boundary
proposed for NASA was quite different from the model in the AEC. That is,
NASA would by default carry on the bulk of aerospace research; but DOD, by
sufficiently justifying its need directly to the President, could develop its own
aerospace projects. This is in stark contrast to the complete monopolization
of basic atomic research by the AEC, which necessitated a reliable and clear
avenue of communication to and from the military.

The differences between NASA’s and the AEC’s relationships with the military
deserve elaboration. From the beginning, the AEC was to encompass all levels
of nuclear research, nuclear materials production, reactor design, and bomb
construction. This centralization was a result of the realities of atomic energy.
First, the Manhattan District was already in place during the establishment
of the AEC, and maintaining its internal configuration was necessary for the
uninterrupted production of atomic weapons. Second, and more important,
atomic energy as a technology is unique for a material reason: the regulation
of atomic technology is in large part the regulation of a single element and its
derivatives. Indeed, the Atomic Energy Act categorically transferred “all right,
title, and interest within or under the jurisdiction of the United States, in or to
any fissionable material, now or hereafter produced” to the Commission. In
effect, all atoms on U.S. territory with 92 or more protons were declared to
be the property of the federal government. In addition, an entire new class of
information was created. Termed “Restricted Data,” this wide umbrella auto-
matically “classified at birth” any and “all data concerning the manufacture

35. Letter from Alan L. Dean to Wiliam Finan, 2 June 1958, folder 12400, NASA Historical Reference
Collection, NASA History Division, NASA Headquarters, Washington, DC.
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or utilization of atomic weapons, the production of fissionable material, or
the use of fissionable material in the production of power.”* Regulation of
fissionable material was also the assumed primary task of early atomic weap-
ons nonproliferation efforts. Containment of atomic technology was seen as
synonymous with ownership of nuclear materials.

From the inception of the AEC, the production and control of nuclear
materials was the prime directive of the organization. Fissionable material
simultaneously was obviously dangerous, was necessary for national defense,
and could be relatively easily collected and controlled. The implication of this
material reality was tremendous for the bureaucratization of atomic technol-
ogy in a central governmental agency. In the case of aerospace technology,
such a clear compartmentalization was not a natural outgrowth of the relevant
technology. Still, the basic structure of the AEC was to provide a perceived
“obvious model” for creating an aerospace agency.

§205 of the National Aeronautics and Space Act provided engagement in “a
program of international cooperation . . . and in the peaceful application of the
results thereof.” The Senate Special Committee had noted in a report entitled
“Reasons for Confusion over Outer Space Legislation and how to Dispel It” that
“the main reason why we must have a civilian agency in the outer space field
is because of the necessity of negotiating with other nations and the United
Nations from some non-military posture.”®’

The Act specifically authorized the Administrator to grant NASA employees
access to restricted AEC data. This violated long-standing AEC policy, which
based access on AEC classified status. Strauss thus raised the concern that
the act would allow the President to “disseminate Restricted Data to foreign
governments . . . . We think that an extension of this existing authority to the
proposed Agency would be undesirable and unworkable.”® In his testimony
before the Senate Special Committee, Strauss stressed his preference for limit-
ing international agreements at the outset and noted that “the history of these
new agencies, if the Atomic Energy Commission is a prototype, has been that,
in the course of time, the basic law is amended by spelling out in greater detail

36. Atomic Energy Act, 1946, P.L. 585, 79th Cong., available at http.//www.osti.gov/atomicenergyact.pdf.

37. Senate Special Committee on Space and Astronautics Report, “Reasons for Confusion over Outer Space
Legislation and how to Dispel It,” 11 May 1958, folder 012389, NASA Historical Reference Collection,
NASA History Division, NASA Headquarters, Washington, DC.

38. Lewis Strauss, General Manager of AEC, to Maurice Stans, Director, Bureau of the Budget, 31 March
1958, folder 012405, NASA Historical Reference Collection, NASA History Division, NASA Headquarters,
Washington, DC.
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the extent to which cooperation with other nations may be carried on.”* The
strong ties to the AEC are evident.

The issue of intellectual property centered on the allocation of patents. The
House bill patterned itself on the Atomic Energy Act, giving the government
exclusive ownership of any intellectual property arrived at due to NASA-related
work. The American Patent Law Association lobbied against such a provision,
for the obvious reason that long-term profits from owning patents was a prime
incentive for firms bidding on contracts. In a letter to William F. Finan, Hans
Adler (both were in the Bureau of the Budget) wrote in reference to the patent
provision in H.R. 12575 (the bill that became the National Aeronautics and
Space Act): “this provision is also based on the Atomic Energy Act. However,
we doubt that the Atomic Energy Act should serve as the proper precedent,
since inventions in the atomic area have peculiar defense and secrecy aspects
which make private ownership difficult.”*! Again, we have an example of the
adoption of policies crafted for atomic energy without reasoned analysis of
their relevance to an aerospace agency. The final language adopted assigned
intellectual property to the government, with the Administrator having the
right to waive this right if he so desired.

It cannot be overstated how formative the experience with atomic energy
was on the psyche of those determining the shape of NASA. The belief that
atomic energy would infuse all aspects of future technology was widely held
in 1950s America, and rocketry was no exception. The realities of chemical
reactive propulsion dictate a maximum theoretical efficiency (specific impulse)
due to limited available chemical enthalpy, but the exit velocity of a thermal
nuclear rocket is limited only by material failure at high temperatures. The
AEC, for these reasons, launched just such a nuclear rocket research program
(ROVER) in 1956. Stanislaus Ulam, testifying before the House Select Committee
on Astronautics and Space Exploration, reaffirmed that “it is not a question
of conjecture or optimism, but one might say it is mathematically certain that
it will be the nuclearly powered vehicle which will hold the stage in the near

39. Hearings before the Special Committee on Space and Astronautics, United States Senate, 85th Cong.,
2nd sess., p. 50.

40. Richard Hirsch and Joseph John Trento, The National Aeronautics and Space Administration (New York,
NY: Praeger Publishers, 1973), p. 26.

41, Hans Adler to William Finan, “Subject: HR 12575, 4 June 1958, folder 12400, NASA Historical
Reference Collection, NASA History Division, NASA Headquarters, Washington, DC.
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future.”®? With historical actors like Ulam making such statements, it becomes
clear that the birth of NASA as an institution must be historically analyzed
through the lens of the atomic experience. The concept of the stewardship of
the state over technological affairs had become ingrained in the imagination
in the atomic era and was adopted without serious protest during the forma-
tion of NASA. Indeed, a sharp contrast can be drawn to the violent reaction
by private interests to the original Atomic Energy Act and the relatively benign
reception of the National Aeronautics and Space Act. A profound transforma-
tion had occurred in the intervening years.

Conclusion

Under the AEC, technocracy had been introduced to America. Under NASA, it
was wedded to the federal framework. There are fundamental differences to the
two cases, as in the ability to control nuclear material and the need to enforce
atomic secrecy through the curtailment of granting patents. But throughout the
whole of the discussions in both the executive and legislative branches during
1957-1958, it remains clear that the framers of the new aerospace agency were
profoundly affected by their experience with atomic energy, specifically the
AEC. When conceiving of a new agency, bureaucrats and legislators actively
reached into the past and cherry-picked elements from their prior experience
with atomic energy while passively making unconscious assumptions based on
the technological realities of atomic energy. Often the decisions they arrived
at were not appropriate for the aerospace case.

NASA represented a form of technocracy that divorced military interests
as completely as possible. In the 1960s, NASA would become an agency
mobilized for social change. Thomas Hughes argues in American Genesis that,
during the Great Depression, the Tennessee Valley Authority (TVA) was a push
for regional social development by progressive politicians via electrification
and the management of water resources.®> NASA followed in these footsteps.
Perhaps not so coincidentally, one of the original commissioners of the TVA,
David Lilienthal, would later become the first Chairman of the AEC.

But NASA was technocracy in an evolved form. It combined three trends
that had not yet together existed in any American organization: 1) Big Science,

42. Hearings before the Select Committee on Astronautics and Space Exploration, 85th Cong., 2nd sess., p.
602.

43. Thomas P. Hughes, American Genesis: A Century of Invention and Technological Enthusiasm 1870—1970
(New York, NY: Viking Penguin, 1989), pp. 360-381.
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i.e., the close cooperation of large numbers of scientists and engineers in a
vertically integrated hierarchy organized for the production of massive proj-
ects; 2) a mandate that pushed science for social benefits and simultaneously
minimized obligations to the military; and 3) science in the service of national
prestige abroad.

The AEC took over the operation of the entire American atomic machine,
from enrichment, to reactor design, to bomb testing in the South Pacific. NASA,
instead, was given a mandate to push the boundaries forward in aerospace
technology only insofar as they could be peacefully used. This was, then, a
pivotal transformation in the history of American technocratic institutions.
Under the presidencies of Kennedy and Johnson, NASA was a juicy target to
be expanded, but this was merely opportunism. NASA’s form had already been

cemented in 1958, a form that had atomic roots.
Acknowledgments: This article first appeared, in substantially the same form,

in Remembering the Space Age, ed. Steven J. Dick (Washington, DC: NASA SP-
2008-4703, 2008), pp. 55-70.
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Chapter 4

Leading in Space
50 Years of NASA Administrators

W. Henry.Lambright

Introduction

The central task of the 10 men who served as NASA Administrator in the 50
years since 1958 has been strategic leadership, by which is meant the setting
of priority goals for the Agency for the periods in which they held office. How
well the Administrator performed his task depended on his capacity to match
the goals he set with the forces in his environment. James Webb, NASA’s
Administrator in the 1960s, described leadership as “fusing at many levels a
large number of forces, some countervailing, into a cohesive but essentially
unstable whole and keeping it in motion in a desired direction.”! He called
this process the creation of a “dynamic equilibrium.” It entailed setting and
implementing policy.

The various Administrators used rhetorical and coalitional skills to achieve
their purposes, building internal and external support, while seeking to
neutralize opponents.? Their role was daunting. Sometimes an Administrator
succeeded and at other times failed; but unless an Administrator prevailed
to some degree, the forces in his environment determined NASA’s fate rather
than the Administrator.

1. James E. Webb, Space Age Management: The Large-Scale Approach (New York, NY: McGraw Hill,
1969), pp. 135-136.

2. For a discussion of administrative strategies, see Jameson Doig and Erwin Hargrove, eds., Leadership
and Innovation: A Biographical Perspective on Entrepreneurs in Government (Baltimore, MD: Johns
Hopkins University Press, 1990).
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In every instance, real administrative influence depended on a match
among the Administrator’s gifts, organizational capacity, and political times.
Even when a particular leader was unable, for one reason or another, to make
a significant personal mark on history, he could still be important as part of
a “relay” leadership, initiating or steering particular programs he inherited
forward. Given the brief tenure of most Administrators vis-a-vis the large-scale,
long-term programs with which they dealt, that is itself important in NASA’s fate.

Creating the Administrator’s Role
In drafting the Space Act for NASA in 1958, the White House and Congress
clearly wanted NASA to have a leader with significant authority. The leader
was given prerogative over budget and personnel, subject to the President and
Congress. It is notable that the Administrator is a single figure. Existing models
in 1957 included the AEC and the NACA, which had plural heads. Moreover,
the title “Administrator” represented a conscious choice by NASA’s creators over
“Director,” the former being a title considered to carry more executive panache.?

The Space Act gave NASA a range of tasks in space and aeronautics, but
those were relatively broad and vague, leaving it to the Administrator to use
his or her discretion in their interpretation. Congress at the time of NASA’s
creation organized itself into two authorizing and two appropriations com-
mittees dealing with space. This pattern simplified reporting assignments for
the Administrator.

The mood of Congress, triggered by Sputnik and Cold War competition
with the USSR, favored action; but it was up to the initial incumbents in the
office to give substance to the words and mood of the time.

1. T. Keith Glennan, August 1958-January 1961

NASA’s first Administrator, T. Keith Glennan, was an engineer and university
president with experience in industry. He came to NASA from the presidency
of Case Institute of Technology in Cleveland, Ohio. He was 53 years in age at
the time he took official charge of the new agency on 1 October 1958. Glennan
served under a President who wanted to restrain NASA from engaging in any
“race” with the Soviet Union. President Eisenhower intended “leadership” in
space to be established through sound scientific and technological principles.

3. Eilene Galloway, “Sputnik and the Creation of NASA: A Personal Perspective,” in NASA: 50 Years of
Exploration and Discovery, ed. Rhonda Carpenter and Ana Lopez (Washington, DC: Faircount Media
Group, 2008), p. 48.
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Congress, led by Democrats, was much more “bullish” on space and wished
to charge faster ahead. Glennan steered NASA between these two stances.?

His goal was to get NASA started quickly, but in a competent way, building
on the NACA base of 8,000 scientists, engineers, and support personnel he
inherited. He consolidated entities that were transferred from DOD, including
the von Braun rocket-engineer team, which became the nucleus of MSFC in
Huntsville, Alabama; the space-science group of NRL, which became GSFC
in Greenbelt, Maryland; and JPL, run for NASA by the California Institute of
Technology in Pasadena, California.

Glennan organized the basic divisions of NASA—manned spaceflight, space
science, Earth-oriented applications, and aeronautics. He began the first human
spaceflight program, Project Mercury. Finally, he determined that NASA would
get most of its work done by industrial and academic contractors, keeping its
government base relatively limited.

Glennan’s goals were clear, but limited, and he achieved much that he set
out to do. However, NASA was still a relatively weak and much-criticized agency
when he left office in 1961, and the Soviet Union was well ahead of the United
States in space achievements. The Department of Defense remained a formi-
dable bureaucratic rival for supremacy as the nation’s premier space agency.

2. James Webb, February 1961-October 1968

The new President, John Kennedy, appointed James Webb his Administrator.
Webb, 54 in age at the time, was neither a scientist nor an engineer, but a
professional manager and lawyer. He had extensive government experience,
having worked for Congress as a young man and later as Truman’s Director of
the United States Budget and Undersecretary of State. He also had considerable
executive experience in industry. He considered himself a government manager,
but what most observers saw was a remarkably savvy bureaucratic politician,
one capable of dealing one-on-one with Presidents and senior legislators in
ways that made him persuasive in advocating NASA’s cause. To help him in his
inside role of managing a technical agency, he developed a “triad” concept that
had a physicist as his Deputy Administrator and an engineer as his Associate
Administrator and de facto general manager. Better than any Administrator in
NASA'’s history, Webb understood power in Washington, DC, and how it worked.
He sought to enhance NASA’s bureaucratic power and his own as its leader.

4. Roger Launius, “Leaders, Visionaries, and Designers,” in NASA: 50 Years, ed. Carpenter and Lopez, p.
258.
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Thanks to Kennedy’s Apollo decision of 1961, Webb succeeded in building
NASA quickly and substantially in budget and personnel and transforming it
into a special organization capable of taking America to the Moon. In doing so,
he placed NASA clearly in charge of the space enterprise, neutralizing DOD,
the White House science adviser, and internal rivals.’

Webb understood he had a two-year “honeymoon,” given the nation’s frus-
tration with being behind in space and especially with having a Russian, Yuri
Gagarin, be the first man in space. He used the President’s directive to win
the race to the Moon to NASA’s advantage, taking his organization’s estimate
of costs to achieve a lunar landing and doubling the figure while also extend-
ing the deadline in Kennedy’s speech from the original 1967 to “within the
decade.” Kennedy made the decision to go to the Moon, but Webb shaped it
with an eye to implementation. He also extracted from Vice President Johnson
promises of help in maintaining support over the long haul.

As NASA’s budget doubled and doubled again and its personnel grew
apace from 1961 to 1963, he made virtually all key decisions required about
facilities and contractors to get to the Moon. He could justify these decisions
on technical grounds but usually made them also with an aim at long-term
coalition building. For example, the location of the new Manned Spacecraft
Center was in the district of the lawmaker with the most control over NASA’s
budget. Similarly, Webb’s managers wanted Gemini, an interim program between
Mercury and Apollo, as a stepping stone for technical learning. Webb saw
Gemini in “political rhetoric” or public relations terms, a way to keep NASA
before the public eye in the mid-1960s. He knew the early honeymoon would
not last, and it didn’t. But he maintained Apollo in the mid-1960s, as Kennedy,
assassinated in late 1963, gave way to Lyndon Johnson.

It is notable that Webb’s goals were broader than Kennedy’s or Johnson’s.
In 1962 he and Kennedy had a confrontation in the White House. Kennedy
wanted to concentrate NASA’s resources virtually all behind the Moon race
with the Soviets and indicated he cared little about space per se.® Webb said
the goal was more than leadership, but preeminence, by which he meant creat-
ing a surpassing capability not only in human spaceflight, but also in science,
applications, aeronautics—and education. Building capability included human
capability. For a time, Webb’s NASA had a substantial university program that

5. W. Henry Lambright, Powering Apollo: James E. Webb of NASA (Baltimore, MD: Johns Hopkins University
Press, 1995).
6. John Logsdon, “Ten Presidents and NASA,” in NASA: 50 Years, ed. Carpenter and Lopez, p. 229.
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spread grants geographically throughout the nation. He wanted NASA to have
a national constituency, not just one in states with major NASA facilities and
contracts. For Webb, Apollo was a means to raise the technical level of the
country generally, not just an end in itself, although he certainly gave priority
to this mission.

In the mid-1960s, under Johnson, the nation turned to the Great Society
and Vietnam. For a while, Webb used a rhetorical strategy of showing how
NASA was also a “Great Society” agency, stressing “spinoffs” and space-based
economic development. But Vietnam intervened, and the NASA budget fell in
the latter half of the decade. Webb desperately wanted to sell a post-Apollo
program that would put to use the extraordinary capability NASA had built
with the Apollo-Saturn system, but Johnson, beset with the war and pressing
budget problems, put him off.

In 1967, when Johnson seemed ready to give Webb a go-ahead on an interim
post-Apollo plan for keeping this capability going, disaster struck. The Apollo
fire took the lives of three astronauts. Webb used most of his remaining political
capital to persuade the President and Congress to let NASA investigate itself
and have Webb make the necessary managerial and technical adjustments. He
did so, protecting the Agency while drawing the media and political spotlight
and criticism on himself.

Webb got NASA through the crisis and back into space and on target to
the Moon, but he himself was weakened. Realizing his power was eroding
and he could not sell the kind of post-Apollo program he wanted, he now did
not try but instead put almost all his energy and much of NASA’s decreasing
resources behind achieving the Apollo goal.

His last act was to leave early so as to leverage the choice of his successor.
He wanted his deputy, Tom Paine, to take NASA, under a new President, the
final leg of its journey to the Moon. He believed it critical, at a time when the
country was tearing itself apart because of Vietnam, civil rights unrest, and
the collapse of the Great Society, that the nation have a monument to success
and to what it could do when it operated at its best.

3. Thomas Paine, Acting Administrator, October 1968-
March 1969; Administrator, March 1969-September 1970
Tom Paine, age 46, was an engineer and technical manager who came to NASA
from a high executive position at General Electric. He was a solid, risk-taking
manager who made the final decisions that got NASA to the Moon. He was
also a visionary, a space enthusiast, who wanted to build on Apollo with a
bold program of space exploration. His prime goal as Administrator was to
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sell a comprehensive post-Apollo space program that would enlarge NASA’s
budget and allow it to go to Mars and build a Moon base, a large space station,
and a space shuttle to go to and from the space station.

Unfortunately, Paine’s political skills were such that he misread the nation’s
mood and the interest of President Nixon in a bold space program. A program
that had at its mid-1960s height spent close to 4.4 percent of the federal bud-
get fell to approximately 1 percent in the Nixon era.” Paine had little access
to Nixon, who was one of the most inaccessible Presidents in history. Paine’s
expansionary rhetoric was out of sync with what the President or his aides
wanted to hear. Paine, to his credit, pushed forward with many of the existing
programs he inherited and kept his Mars vision alive through his backing the
unpiloted Viking program. However, he could not build a coalition for new
large human spaceflight programs that would stop the retrenchment of the
Agency. He reluctantly ended the Apollo Moon landings and Apollo-Saturn
system. For NASA, political support began with the President, and Paine had
no influence on Nixon. He resigned early in disappointment and frustration,
with NASA’s post-Apollo future still undetermined.

4. James Fletcher, April 1971-May 1977

James Fletcher, age 51, came to NASA from the presidency of the University of
Utah. A Ph.D. physicist who had achieved wealth in industry, Fletcher fit the
mold of the Administrator Nixon wanted. He was conservative politically and
economically. Not a space cadet like Paine, he was willing to compromise. He
did not seek to promote goals that had no hope of acceptance by Nixon. He
was not a combative bureaucrat like Webb. His primary interest was clear: stop
the decline of NASA by obtaining a significant goal in human spaceflight that
was large enough to maintain the Agency. The only goal with a chance to be
adopted, given the national mood of the early 1970s, was the minimal goal of
the Space Shuttle. Selling that goal became his primary aim.

7. Budget estimates vary. NASA Administrator Michael Griffin’s peak percentage is 4.4 percent. Logsdon,
“Ten Presidents and NASA,” p. 231, places it at 4 percent; Roger Launius has a peak figure of 5.3
percent of the federal budget. The Griffin figure is in “Reality of Tomorrow,” Address to American
Astronautical Society (5 March 2008), in Leadership in Space: Selected Speeches of Administrator
Michael Griffin, May 2005-October 2008 (Washington, DC: NASA SP-2008-564, 2008), pp. 295ff. The
Launius figure is in an unpublished paper, “Project Apollo: A Retrospective Analysis.” All numbers reveal
the same point, that NASA’s budget was substantial in the Apollo era and fell to a much lower priority
subsequently.
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Paine had believed the NASA Administrator should be a “swashbuckler,” a
term he used. Fletcher was instead quiet, persistent, and—compared to Webb
and Paine—dull to most observers of NASA. While an able inside manager,
especially with the help of the legendary NASA veteran, George Low, as his
deputy, Fletcher was not experienced in the ways of Washington, DC.

In selling the Space Shuttle, he acquiesced to the pressures of the Office
of Management and Budget (OMB), a more powerful organization vis-a-vis
NASA under Nixon than it had been under Kennedy or Johnson. This meant
the Shuttle had to be justified in the language of OMB, in cost-benefit or eco-
nomic terms. The Office of Management and Budget pushed Fletcher hard,
ratcheting down the price of the Shuttle. The Columbia Accident Investigation
Board would later state that the economic pressures of the early years led
to technical compromises and overpromising that contributed to subsequent
troubles affecting the Shuttle. But Fletcher may have had little choice but to bend.
Without the Shuttle, NASA would likely have continued its downward spiral.
Also, in building support for the Shuttle, he entered into alliance with DOD
and adopted designs to suit DOD needs. The Shuttle was sold not as a NASA
system but as a “national” system. In 1972, Fletcher finally got the President
to say “yes.” The budgetary decline ended. NASA stabilized. Ironically, Nixon
appears to have made his decision not on economic grounds, but primarily on
a combination of electoral and geopolitical calculations. He wanted California
votes and international prestige.

Roger Launius has written the primary published assessment of Fletcher.?
He points out that Fletcher’s Mormon background was important in several
non-Shuttle decisions. For example, Fletcher believed in life beyond Earth,
a factor in his making Viking a high priority not only for space science, but
for NASA generally. He also backed other unpiloted space probes, such as
Voyager to Saturn and Jupiter, and the Hubble Space Telescope. Moreover,
Launius writes, the Mormon tradition of “stewardship” for Earth had impacts
for Fletcher’s goals as Administrator. He gave emphasis in his rhetoric and
coalition building to the Earth-applications activity of NASA and told Congress
NASA was an “environmental agency” as well as a space agency.

Under Fletcher, NASA’s image broadened even though the Shuttle was the
dominant program by far. Managerially, he decentralized operations, adopting
a “lead Center” concept that gave JSC power over the Shuttle, a decision later

8. Roger Launius, “A Western Mormon in Washington, DC: James C. Fletcher, NASA, and the Final Frontier,”
Pacific Historical Review 64, no. 2 (May 1995): 214-217.
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criticized after the Challenger Shuttle disaster. NASA did survive, thanks to
Fletcher, reshaped to fit a far more austere environment than that of Apollo.
His legacy was not complete when he left. He would return to NASA in the
next decade.

5. Robert Frosch, June 1977-January 1981

Robert Frosch, age 49, was, like Fletcher, a Ph.D. physicist. He had risen to high
positions in industry and government. Appointed by President Jimmy Carter, he
found that his most important goal had to be sustaining the Shuttle development
program he inherited. Shuttle cost overruns and schedule slippages became
painfully obvious in the Carter years. Carter was not particularly interested in
NASA, but he did have a military space priority. He wished to launch intelligence
satellites to monitor weapons development, proliferation, and arms control agree-
ments. The Department of Defense connection helped save the Shuttle from a
Carter termination decision.’ Like Fletcher, Frosch promoted the Shuttle as the
nation’s prime vehicle for scientific, military, and commercial access to space.
Carter endorsed a “Shuttle-only” policy for major launches.

6. James Beggs, July 1981-December 1985

Aged 55, James Beggs was a U.S. Naval Academy graduate with a Harvard
M.B.A. He had served in the Navy and held a middle-management position
with NASA in the late 1960s. He was the second-ranking administrator at DOT
in the 1970s. He was a chief executive officer (CEO) in industry before becom-
ing President Reagan’s appointee as NASA’s leader in 1981.

Beggs was an astute, seasoned, and persistent Administrator. Quiet, but
effective, he knew what his prime goals were when he came to NASA. They
were to complete the development and testing of the Shuttle and move it
to “operational” status. Then, he intended for NASA to take “the next logical
step”—to develop a space station. The comprehensive package of programs
that Paine had unsuccessfully tried to promote had been broken up by politi-
cal reality. Successive Administrators were moving incrementally, one major
piloted development program at a time. For Beggs, selling the space station
would be his legacy. Like his predecessors, he believed that for starting big
programs, coalition building in government began with the President.'®

9. Logsdon, “Ten Presidents and NASA,” p. 233.
10. Howard McCurdy, The Space Station Decision: Incremental Politics and Technical Choice (Baltimore,
MD: Johns Hopkins University Press, 1990).
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In the early 1980s, the Shuttle finished its tests and NASA declared it
“operational,” rhetoric that legitimated the transition of NASA, an R&D agency,
to a new development program. Beggs faced many forces that wanted to thwart
the station’s initiation, including OMB, the White House science adviser, and
the Secretary of Defense. Beggs proved to be an able bureaucratic politician.
He had piqued Reagan’s interest in space by inviting him to initial Shuttle
launches. He made an end-run around his opposition, getting to Reagan via an
interagency committee and making a presentation that appealed to Reagan’s
desire to use space to project national power, especially vis-a-vis the Soviets.
In 1984, Reagan, in a State of the Union address, gave the go-ahead for the
space station. Beggs began building a coalition for the station that was both
domestic and international.

Sustaining various space science programs he inherited, providing essential
additional funding to the Hubble Space Telescope, Beggs’s most important
other legacy was arguably his support for NASA to move more seriously into
the global environmental field. He backed a gradual, growing involvement in
global environmental problems, building on Fletcher’s policies. NASA’s emerging
role reached high visibility in the mid-1980s when NASA provided scientific
leadership in determining the causes of ozone depletion in the Antarctic."
What had been an “applications” program entailing weather and communica-
tion satellites in the 1960s was transformed by successive Administrators into
what would eventually be called a “Mission to Planet Earth.”

In late 1985, however, Beggs took leave from NASA to fight a false charge
of wrongdoing while in industry, prior to becoming Administrator. In January
1986, NASA was devastated when the Challenger Shuttle exploded, killing the
first teacher in space. NASA needed a strong Administrator at the helm and
did not have one, and the Agency suffered accordingly.

Beggs’s legacy was mixed. He got the space station decision and helped
build a coalition of support that included international partners. In doing so,
he initiated not only a new program of flagship proportion for NASA but also
a model very different from Apollo in carrying out large-scale technology. It
stressed the international dimension. But he used a rhetoric in selling the
space station that made the Shuttle seem to be far more routine than it turned
out to be in fact.

11. W, Henry Lambright, NASA and the Environment: The Case of Ozone Depletion (Washington, DC: NASA,
2005).
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Figure 1: T. Keith Glennan, first NASA Administrator, 19 August 1958-20 January 1961, served under
President Dwight D. Eisenhower. Figures 1 through 8 are the official portraits of the NASA Administrators,
which hang in the Administrator’s suite on the ninth floor of NASA Headquarters in Washington, DC. NASA
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Figure 2: James E. Webb, second NASA Administrator, 14 February 1961—7 October 1968, served under
Presidents John F. Kennedy and Lyndon B. Johnson. NASA
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Figure 3: Thomas 0. Paine, third NASA Administrator, 21 March 1969—15 September 1970, served
under Presidents Lyndon B. Johnson and Richard M. Nixon. Paine was Acting Administrator beginning 8
October 1968. NASA
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Figure 4: James C. Fletcher, fourth and seventh NASA Administrator, 27 April 1971-1 May 1977, served
under Presidents Richard M. Nixon, Gerald R. Ford, and Jimmy Carter, and again for a second term, 12
May 1986-8 April 1989, under Ronald Reagan and George H. W. Bush. NASA
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Figure 5: Robert A. Frosch, fifth NASA Administrator, 21 June 1977-20 January 1981, served under
President Jimmy Carter. NASA
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Figure 6: James M. Beggs, sixth NASA Administrator, 10 July 1981—-4 December 1985, served under
President Ronald Reagan. NASA
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Figure 7: Richard H. Truly, eighth NASA Administrator, 14 May 1989-31 March 1992, served under
President George H. W. Bush. NASA
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Figure 8: Daniel S. Goldin, ninth NASA Administrator, 1 April 1992—17 November 2001, served under
Presidents George H. W. Bush, Bill Clinton, and George W. Bush. Goldin was NASA's longest-serving
Administrator, exceeding the combined tenures of James C. Fletcher. NASA
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Figure 9: Sean O’Keefe, 10th NASA Administrator, 21 December 200111 February 2005, served under
President George W. Bush. NASA
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Figure 10: Michael Griffin, 11th NASA Administrator, 14 April 2005—20 January 2009, served under
President George W. Bush. NASA
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7. James Fletcher, May 1986-April 1989
President Reagan called Fletcher back to service in 1986. Fletcher’s goal was
to heal a wounded Agency battered by Challenger’s avalanche of criticism
and lead its recovery. He guided NASA’s return to flight, which took place in
September 1988, and authorized many technical and organizational changes
in NASA, including pulling power back to Headquarters for Shuttle manage-
ment, a reversal of his earlier approach. He helped persuade Reagan to add
a replacement for Challenger, maintaining the Shuttle fleet at four. He also
adapted the space station, a project requiring modification in the face of tech-
nical and fiscal reality. Much of Fletcher’s decision-making involved choices
about priorities in what would launch and when, owing to the Shuttle’s absence
from service for 32 months. The “Shuttle only” policy he had pushed ended
with Challenger. The Department of Defense and commercial flights would
use expendable rockets. Fletcher still wanted as many NASA flights to go up
on the Shuttle as possible. He believed deeply in the Shuttle and its promise.
Fletcher also wanted NASA to begin moving toward a mission beyond the
space station and Earth orbit. He had Sally Ride, the first female astronaut,
provide him with a menu of options for NASA’s future. It included various
missions, three of which focused on exploration, including a piloted flight to
Mars. Fletcher established a new Office of Exploration. He apparently tried
to get Reagan interested in exploration; he got some verbal support but little
else. However, he did preside over NASA’s return to flight and bolstered the
morale of an agency profoundly in need of nurturing after Challenger.

8. Richard Truly, May 1989-March 1992

The man who served as Fletcher’s Associate Administrator for returning the Shuttle
to flight was Richard Truly. Truly was President George H. W. Bush’s choice of NASA
Administrator. Aged 52, Truly was a naval aviator with an aeronautical engineering
degree. He was a former NASA astronaut with considerable experience in space.
His prime goals as NASA Administrator were to get a fifth Shuttle orbiter and to
further develop the space station. The latter was behind schedule, growing in cost,
and fast losing congressional support. Indeed, money was being spent, but little
or no hardware was being built owing to continuing design changes. President
Bush gave him an additional goal, involving the Moon and Mars, one with which
he did not appear to the White House to be fully comfortable.'?

12. Thor Hogan, Mars Wars: The Rise and Fall of the Space Exploration Initiative (Washington, DC: NASA
SP-2007-4410, 2007).
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Bush had restored the National Space Council (NSC), a White House inter-
agency body created when NASA came into existence and abolished by Nixon.
It was headed by Vice President Dan Quayle, and its role was to set space
policy for his administration. While there had been some human spaceflight
planning at NASA for a return to the Moon and a Mars program, the stronger
impetus for this new Moon-Mars mission came from the NSC. In 1989, the 20th
anniversary of the first Apollo landing, Bush proclaimed his Space Exploration
Initiative (SED), a return to the Moon, followed by piloted missions to Mars.

The announcement seemed to come out of the blue, and there had been
minimal political spadework with Congress, which was controlled by the
Democrats. Congress was underwhelmed by the decision, as were the media
and general public. The mood of the nation was to deal with a substantial
budget deficit, not start a big new space program. The Cold War was ending;
the nation looked to new priorities, but not any involving space. When NASA
came up with the estimated cost for the program, perhaps half a trillion dollars,
Congress called it “dead on arrival.” Bush could not get the program funded.

Truly sought to start the SEI, raising the Office of Exploration to Associate
Administrator level and appointing Mike Griffin its director. Griffin could plan,
but not implement. Support further eroded in 1990 when the Hubble Space
Telescope went up. It provided blurred images and caused NASA ridicule
by late-night television comics. An independent panel headed by Norman
Augustine called attention to NASA’s many infirmities and called for substan-
tial raises for an agency seeking to do more than it could afford. These large
raises did not come.

Truly proved incapable of building coalitions for the SEI, and his personal
commitment to the President’s goal was doubted by Quayle and the NSC staff.
He seemed overwhelmed, and his relations with the Vice President and NSC
deteriorated. Bush asked for Truly’s resignation in early 1992.

9. Daniel Goldin, April 1992-November 2001

Daniel Goldin was the longest serving and most controversial Administrator in
NASA’s history. He was 51 at the time of his appointment. He had begun his
career at NASA shortly after college and then joined TRW, a large, California-
based aerospace firm, where he had risen to vice president for space activi-
ties. Most of his work was in classified national security programs. He was an
“outsider” to NASA and most space watchers when his name as Administrator
was announced. An engineer and technical manager, he was closest to Paine
in his sheer passion for space. But whereas Paine could not adjust his bold
visions to a shrinking budget, Goldin almost found the constrained budget he
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encountered helpful. It enhanced his own power. Whereas Webb sought power
to enlarge NASA and its role on the national stage, Goldin sought power to
move the Agency in another direction. Webb, secure with bureaucracy, made
NASA his ally. Goldin, distrustful of NASA managers, seemed at times at war
with the agency he led. If Truly was uncomfortable with multiple goals, Goldin
sought as many goals as he could establish. A self-described change agent,
he made organizational chaos his handmaiden and revolution his byword.
“Faster, better, cheaper” became his mantra. It fit the times, and his willingness
to embrace this philosophy helped keep him NASA Administrator from Bush
through two Clinton terms and briefly into the term of the second Bush."?

Goldin took the NASA job because he wanted to lead NASA back to Mars.
He learned quickly that the SEI was not in the cards. Nevertheless, there was
much else he wanted to do, and he lasted long enough to see both successes
and failures in his attempts at innovation. He also held to his piloted Mars
goal, and he sought to move NASA in that direction, but indirectly and, in
some ways, covertly.

Mars was his love, but the space station was his necessary priority. It was
NASA’s flagship, whether he liked it or not; and it was in deep trouble when
he arrived. In 1993, it almost died in Congress, surviving by one vote in the
House. Goldin was not especially politically astute at first, but he learned
quickly that he needed the President as an ally. He brought Clinton aboard
the space station by linking it with Clinton’s foreign policy need to help post-
Cold War Russia turn to the United States. The space station became the ISS,
with Russia the most significant of several international partners. Throughout
the 1990s, Goldin struggled to make the U.S.-Russia partnership work and
build a U.S.-Russian Space Station core. When he left in 2001, such a nucleus
was in space and inhabited by U.S. and Russian astronauts. Getting the Space
Station up was his major achievement.

His second major achievement concerned Mars. In 1993, the $1 billion
Mars Observer, the first Martian flight since Viking in 1976, died on its way
to the Red Planet. Goldin used the failure as an opportunity, remaking the
Mars program into the symbol of his faster, better, cheaper robotic program.
Similarly, in the mid-1990s, he used claims of fossil bacteria in a Mars meteor-
ite to rekindle NASA’s search for life beyond Earth. This came at a time when
new planets were being discovered around extrasolar stars. What was called

13. W. Henry Lambright, “Leading Change at NASA: The Case of Dan Goldin,” Space Policy 23 (2007):
33-43.
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“exobiology” in the 1970s became “astrobiology” under change-agent Goldin.
“Origins” was initiated as an exciting new program, building on the meteorite
and the discovery of new planets. Having gotten the Hubble Space Telescope
repaired in late 1993, Goldin wanted to build even more powerful telescopes
capable of finding Earth-like planets beyond the Sun. He also sought to develop
a Shuttle successor called the X-33. Goldin did all this on a budget that was
stagnant at best, declining in real buying power for much of his tenure. He
made NASA and himself poster children for Vice President Gore’s “reinventing
government” campaign, saying it was possible to get more for less.

For most of his time at NASA, Goldin was the best salesman the Agency
had had since Webb. He was adept at rhetorical strategies, as exemplified by
faster, better, cheaper. He gave a thousand speeches in his tenure and never
had a presidentially appointed deputy. He often seemed a one-man show, one
the media found fascinating. He was far better at building outside constituen-
cies than inside support. Although some managers—Associate Administrator
for Space Science Wesley Huntress especially—learned how to manipulate
him to their advantage, many feared him, and he developed a reputation for
shooting the messenger of bad news. He was forgiven by many for his inside
harshness when the Pathfinder lander arrived successfully at Mars in 1997
and made faster, better, cheaper appear an outstanding success. Observer had
failed, but Pathfinder worked at a fraction of Observer’s price. An orbiter soon
also performed marvelously at the Red Planet at this time, strengthening faster,
better, cheaper’s claims. So Goldin pushed harder, and he hit the boundary of
faster, better, cheaper when the Mars Polar Lander and Mars Climate Orbiter
failed in succession in 1999. Now his enemies, of which he had accumulated
many, attacked faster, better, cheaper and Goldin. At the same time, the X-33,
the Shuttle successor, one on which NASA had spent $1 billion, was killed by
Goldin himself. Evidence of overreach by Goldin was everywhere.

Goldin accepted blame and called for NASA’s adaptation to technical
and fiscal reality. Before he left, he approved substantial funds for Spirit and
Opportunity, two probes of Mars involving roving vehicles. These were funds
that were geared to mission success, rather than held to an arbitrary cap. The
great success of Spirit and Opportunity came after he departed.

Had Goldin left NASA immediately after Pathfinder in 1997, he might have
escaped the rather mixed legacy he subsequently gained. But he stayed and
saw his credibility and reputation fall. Like Webb after the Apollo fire, Goldin,
after the 1999 failures, saw his administrative power wane. However, he did
succeed in leaving NASA an agency with a far better image than it had when
he came. Whatever his faults—perhaps in part because of his faults—Goldin
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made NASA interesting and even exciting again. He saved the Space Station.
Through the robotic program and Mars rock, he put NASA on a trajectory to
the Red Planet and restored interest in the search for extraterrestrial life. But
he turned faster, better, cheaper from a means to an end. He also worsened a
problem he inherited—an agency trying to do too much with too little.

10. Sean O’Keefe, December 2001-February 2005

It is not unusual for a President to select an Administrator who embodies
characteristics he perceives missing in a NASA predecessor. Goldin, with his
creative passion and vision, was seen as different from Truly. But Goldin was
subsequently seen to be a bad manager by President George W. Bush, as wit-
nessed by a $4.8 billion cost overrun on the Space Station the new President
inherited in 2001. Bush wanted a “competent manager” and chose the Deputy
Director of OMB, Sean O’Keefe.!

O’Keefe was 45 in age and had a career that made him one of the most
government experienced Administrators in NASA history. He had worked on
the Hill and been the comptroller of DOD and Secretary of the Navy. He had
a master’s degree in public administration and had taught the subject at his
alma mater, the Maxwell School of Syracuse University. O’Keefe had good
inside-the-beltway political skills, possibly the best since Webb. He was not a
stirring speaker and certainly not a space cadet.

In his first major address, he appalled many space enthusiasts when he
said he wanted NASA to be “science-driven,” rather than “destination-driven.”
His primary goal at the outset was to strengthen the Space Station program
financially. What came to be his second goal was to address the Shuttle-successor
problem, not through Goldin’s technologically revolutionary X-33, but through
an interim system called the Orbital Space Plane. The Orbital Space Plane
would complement the Shuttle and extend its life several years.

However, in February 2003, the Columbia Shuttle disintegrated, killing all
aboard. Whatever goals O’Keefe had in 2002 were now on hold and subject to
change. Columbia came to define his tenure at NASA. He got NASA through the
disaster and the investigation that followed with relatively modest organizational
damage. However, the report of the Columbia Accident Investigation Board
forced him and everyone else to face a reality that the Shuttle was old, flawed,
and high-risk. O’Keefe, because of Columbia, had a window of opportunity for

14. W, Henry Lambright, “Leadership and Change at NASA: Sean O’Keefe as Administrator,” Public
Administration Review (March/April 2008): 230-240.
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major policy change. The Columbia Accident Investigation Board helped him
think big by stating that NASA needed a significant goal—worthy of risking
human life—beyond the Space Station.

O’Keefe’s inside-coalitional skills and close relations with Vice President
Cheney in particular now came to the fore. He elevated and altered an exist-
ing body in the White House that was meeting to consider options for a post-
Columbia piloted space program. He transformed it into an interagency group
with high-ranking members that met periodically and behind closed doors. The
group came up with the return to the Moon by 2020 as a goal. Bush himself
added Mars, perhaps with a nod to his father’s failed Moon-Mars program.
O’Keefe then hammered out a budget agreement with his old colleagues at OMB
that appeared plausible at the time: the Shuttle’s expenses would go down as
expenditures for a successor went up. In 2010, the Shuttle would complete its
work on the Space Station and be retired; in 2014, its successor would come on
line. A master budgeter, O’Keefe kept projections of expenses for the new tech-
nological system vague. The Moon got emphasis, not Mars. The “sticker-shock”
price that killed the SEI under the first Bush was not repeated under his son.

It was ironic. O’Keefe had come in eschewing destination-driven goals and
now, once Bush announced his decision in January 2004, he was trying to sell
a Moon-Mars-and-beyond goal! O’Keefe went about his task and reorganized
NASA for implementation. But before he could start a major congressional,
media, and public campaign, he found himself sharply on the defensive. In
the wake of Columbia, he wanted to change the culture of NASA, and that
required, in his judgment, changing the Agency’s mindset from “prove to me
it’s unsafe” to “prove to me it’s safe.” Using that standard, he could not approve
a final servicing mission to the immensely popular Hubble Space Telescope.
When word of that decision leaked, O’Keefe was tarred as a bean counter
who was trading off the Hubble Space Telescope to get money for Moon-Mars.
That was not how O’Keefe saw it, but how his opposition framed the decision.
O’Keefe considered a robotic approach to Hubble Space Telescope repair, but
a National Academy of Sciences and National Research Council panel told
him that method would not work in time to save the Hubble Space Telescope.

He soldiered on with respect to Moon-Mars, aided enormously by the
Republican majority in Congress and support for funding the startup of the
program by powerful lawmakers he and Cheney enlisted. There was thus a
White House and Congress political coalition to begin the new program—what
was lacking in 1989. The budget strategy, whatever its merit or demerit, con-
veyed the image of a pay-as-you-go philosophy instead of the SEI’s half-trillion
price tag. O’Keefe became the progenitor, therefore, of a destination-driven
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program. He convinced few critics that he was right about the Hubble Space
Telescope, one large reason being that Harold Gehman, chair of the Columbia
Accident Investigation Board, did not give him the support he had to have
from that quarter to help neutralize opposition.

A “competent manager” who was also an experienced bureaucratic politician,
O’Keefe succeeded in getting a Moon-Mars program adopted, but he departed
before the new mission’s implementation was fully under way.

11. Michael Griffin, April 2005-January 2009
Michael Griffin is the Administrator who most recently completed his tenure at
the time of writing this profile.”” Hence, this assessment is somewhat premature,
his legacy being dependent on what President Barack Obama decides to do
about NASA. However, certain observations are possible for the Bush period.
Griffin, aged 55, came to NASA with a long and deep experience in the space
field, indeed a lifetime of interest and work. A man with a Ph.D. in aeronauti-
cal engineering and many other degrees, Griffin began his career with NASA
via JPL. He served as Associate Administrator for Exploration under Truly and
Goldin before the senior Bush’s Moon-Mars program was killed at the outset of
Clinton’s administration. He was head of space research and development for
APL of the Johns Hopkins University when he was appointed to head NASA.
He was coauthor of a book, Space Vebicle Design. Like Paine and Goldin, he
had a passion for space, but he displayed that passion more quietly than they.
It is hard to imagine anyone who could have been better equipped techni-
cally or, probably, managerially to implement the Moon-Mars decision. Indeed,
Griffin’s prime mandate as NASA Administrator was clear: carry out the Vision
for Space Exploration, as it was then called. But many an implementer has to
worry about politics. Policy decisions do not leave political and bureaucratic
conflict at the adoption door. Typically, the struggle goes on. Griffin wished
to move the President’s decision down the hardware path so solidly that when
he left, his successor would seamlessly take the program the next step toward
fruition. Like other Administrators, he had to continually sell the lead program
and build a support system for it while fending off opponents of his goals.
O’Keefe got the Moon-Mars decision during the window of opportunity cre-
ated briefly by Columbia and the Columbia Accident Investigation Board. Griffin
faced a closing window for implementing this initiative. The Bush administration

15. W. Henry Lambright, Launching a New Mission: Michael Griffin and NASA's Return to the Moon
(Washington, DC: IBM, 2009).
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was weaker in 2005 than in 2004 because of an unpopular war, high deficits, and
a declining economy. Hurricane Katrina also occurred at a most inopportune
time for Griffin, just as he was trying to ramp up Moon-Mars funding in the fall
of 2005. His political/budgetary situation grew subsequently worse.

When Griffin became NASA Administrator, he set three major goals: to
return the Shuttle to flight, to finish the Space Station, and to implement the
Moon-Mars decision. Griffin said at his confirmation hearings he would try
to bring the Shuttle successor into service sooner than 2014. He also said he
would revisit the Hubble Space Telescope decision. He took office in April
2005. Griffin moved as quickly as he could on all fronts once in office.

He succeeded in returning the Shuttle to flight and made good progress
in finishing the ISS. He reversed O’Keefe’s Hubble Space Telescope decision.
He came up with a design for the Shuttle successor and return-to-the-Moon
system, called Orion-Ares. It was Shuttle-derived and looked much like Apollo.
The capsule was Orion and the rocket, Ares I. There would be a large Ares V
rocket for cargo shipments to the Moon, as well as a lunar lander. The whole
system was called Constellation. First came Orion-Ares. Griffin called Orion-
Ares “Apollo-on-steroids.” The tentative cost for a Moon return was $104 billion.

He hit a roadblock to his personal goal of accelerating implementation in
narrowing the Shuttle/Orion-Ares gap in the fall of 2005. He discovered that the
Shuttle budget projections he inherited were unrealistic. The Shuttle costs were
not going to go down appreciably prior to 2010. Where would money come from
to make up the difference? In announcing the design decision (Orion-Ares), he
had said he would not take “one thin dime” from space science to pay for the
return-to-the-Moon system. But when he found he needed additional money,
OMB refused to revisit the budget projections set in 2004. It proposed that Griffin
kill the Shuttle early to get the money, a non-option for Griffin.

The Administrator appealed the budget issue to the White House and Bush
in late 2005. With the Iraq war raging and Katrina expenses growing, the time
to ask for more money was not propitious. A meeting took place, and he came
away with a modest raise and instructions to get the rest of the needed money
from reprogramming funds. Griffin took the funds from Orion-Ares and space
science to pay for the Shuttle costs. Many space scientists subsequently criti-
cized Griffin and the Moon-Mars program. The result of budget constraints
was that Griffin’s goal to narrow the gap between the Shuttle and Orion-Ares
was set back. He regarded this gap as a serious problem not only for NASA
but also for the nation, as it meant primary reliance on the Russians to get to
the Space Station after 2010. Consequently, he was hard-pressed to keep the
gap at the four-year period he inherited.
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In January 2007, the Democrats took control of Congress. Bipartisan sup-
port for Moon-Mars continued in general, but not so much support as to give
Griffin the money he wanted. Also, White House and congressional fighting
over the war in Iraq and other policy issues caused Congress to pass a con-
tinuing resolution, which froze NASA’s budget for fiscal year 2007 to what it
had been in fiscal year 2006. That meant a de facto cut below the presidential
request for this year. The result was slippage of Orion-Ares to March 2015. The
following year, Congress gave NASA the full amount requested for fiscal year
2008, $17.3 billion. However, the fiscal year 2009 appropriation to be voted
on in fall 2008 was also subject to a continuing resolution, and that meant no
raise until after the new President took office in January 2009, if then.

Thus, the Griffin era under Bush was largely one in which he fought to imple-
ment the Moon-Mars decision in a dreadful budget and political environment.
Griffin’s great asset was his focus, his ability to keep his eye on Orion-Ares as
a priority. He therefore made progress in Moon-Mars implementation in spite
of the unfavorable situation he faced. But he did not make the progress he
would have liked, owing to his inability to persuade the Bush administration
and Congress of the seriousness of the gap and need to fund implementation to
narrow it. He could not assuage the scientific community. He could not create
or use a bureaucratic power that might have come with a strong and united
constituency. Without that power, he could not get the resources he needed.

Griffin’s problems were not technical or managerial, but political. Political
rhetoric and coalition building were not Griffin’s strengths, and he operated
in a political environment that would be difficult for almost anyone. In the fis-
cal year 2005-2010 period, NASA was projected to have $3.9 billion less than
was originally proposed in 2004, when the Moon-Mars program was adopted.
Griffin made progress as an implementer, but he fell short of what he wanted,
and what he believed was vital in the national interest. Then-President-elect
Obama promised to provide $2 billion extra to NASA’s budget to possibly speed
the deployment of Orion-Ares. That may or may not happen under President
Obama. Also, the Shuttle’s service may also be extended, an extension Griffin
did not favor. That the new President appreciated the Shuttle-Shuttle successor
gap problem is a testament to Griffin’s clarity in sounding an alarm. Whether
the new President or his NASA appointee as Administrator does anything about
it would not be subject to Griffin’s control.

Conclusion

All the various NASA Administrators have been significant in one way or another
in the history of the space agency. Each has brought a particular background,
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training, and set of skills to the Administrator role. All have been important,
particularly as “relay leaders.” Administrators invariably serve briefer terms
than it takes to adopt and fully implement the programs they run. The ISS, for
example, began under Beggs and was still unfinished when Griffin completed
his tenure with President George W. Bush.'® They make their mark primarily
as they affect the course of these large-scale, long-term programs. Some are
initiators; most are implementers; some are saviors. It is also notable that a
few stand out as especially influential.

Webb, in particular, is larger than life. He shaped and carried out a pro-
gram, Apollo, in such a way that it stands as an icon for effective government.
He made the most of a rare opportunity on an historic stage and exemplifies
what is possible when there is a strong match among man, organization, and
time. Fletcher, Beggs, and O’Keefe got presidential decisions for flagship
programs; and Frosch and Goldin got presidential decisions that saved two of
these programs. Griffin is critical as a relay leader, implementing a program
that may (if sustained by successors) at last get NASA out of Earth orbit and
back to where it was in the 1960s. Glennan got the Agency and a range of
new programs, including the beginning human spaceflight effort, under way.
Paine completed Apollo, and Truly maintained the Shuttle and Space Station,
but both illuminate what can happen when an Administrator is out of sync
with the President.

It is not easy to be the NASA Administrator. He (and eventually she) is CEO
of NASA but not of the United States government. NASA leaders need help to
be successful. To get help, primarily on their terms, they have to blend political
and administrative skills. Success in one provides success in the other. Failure
in one leads to difficulty, if not failure, in the other. Typically, a leader has to
link a mission that is purely discretionary—space exploration—with national
interests that appeal to politicians, media, and the public. A book written years
ago had a title that summed up prime motivations that have usually applied
to one degree or another as space rationales, at least for human spaceflight:
Pride and Power: The Rationale of the Space Program."

Space is a source of national pride and a visible demonstration of national
power and competence by nonmilitary means. Such values matter to politi-

16. W. Henry Lambright, “Leadership and Large-Scale Technology: The Case of the International Space
Station,” Space Policy 21 (2005): 195-203.

17. Vernon Van Dyke, Pride and Power: The Rationale of the Space Program (Urbana, IL: University of lllinois,
1964).
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cians and the people they represent. Administrators have to couch their argu-
ments for resources in terms politicians can understand and the public can
appreciate. The different Administrators have varied in their political skills in
using rhetorical strategies to attract broad public support and build coalitions
among Washington, DC, power elites based on mutual interests and quid pro
quos. Webb and Goldin were the best rhetorical Administrators. Webb under-
stood how important it was for NASA to keep in the public eye and show
success to Presidents. He also knew how to build coalitions with Congress
through rewards and sanctions. Goldin’s rhetoric was attractive, especially to
Vice President Gore, but his coalitions did not seem at times to include his
own Agency. Webb, Fletcher, and O’Keefe had additional burdens of being
disaster-recovery executives. Most have had to make Hobson’s choices—deci-
sions with no real positive alternative.

NASA’s leaders have to be good managers, for failure in performance of
the Agency usually has retribution in the political arena. Politics and admin-
istration go together, as they always have and always will.

Whatever their strengths and weaknesses—and all the NASA leaders had
both—they, as a group, did their best and have kept the Agency sailing “this
new ocean” of space, often under extremely adverse conditions. NASA and
the nation have been fortunate to have had such an able and dedicated set

of leaders.

78



Chapter 5

Space Access
NASA'’s Role in Developing Core Launch- Vehlcle
Technologies

J. D. Hunley

Over the past 50 years, NASA has played a significant role in developing the
nation’s core space launch-vehicle technologies, but it has not done so alone.
In typical NASA fashion, the Agency has partnered with military services, pri-
vate industries, and universities to gain access to space. Since many of the key
launch-vehicle technologies first appeared in missiles, the Army, Navy, and Air
Force oversaw their development. NASA then borrowed and adapted them
for use in launch vehicles. Also, because NASA did not exist until 1 October
1958, its predecessor, the NACA, began some developments that NASA then
continued; this also happened when NASA absorbed the von Braun group
and JPL from the Army and the Vanguard Project from the Navy. Finally, even
after NASA’s own space launch-vehicle activities were well established, in the
Cold War environment down to 1991 NASA and the military services continued
to cooperate in the further development of key launch-vehicle technologies.’

Viking and Vanguard
One example in this complicated pattern of innovative cooperation was the
Vanguard launch vehicle. Vanguard, which was more successful than many

1. With permission from the publishers, this article is adapted from materials in J. D. Hunley, The
Development of Propulsion Technology for U.S. Space-Launch Vehicles, 1926—1991 (College Station,
TX: Texas A&M University Press, 2007); J. D. Hunley, Preludes to U.S. Space-Launch Vehicle Technology:
Goddard Rockets to Minuteman Il (Gainesville, FL: University Press of Florida, 2008); and U.S. Space-
Launch Vehicle Technology: Viking to Space Shuttle (Gainesville, FL: University Press of Florida, 2008).
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people think, had its technical beginnings in the Viking project. Milton W.
Rosen at NRL provided the technical leadership for both projects and then
become the director of launch vehicles and propulsion in NASA’s Office of
Manned Space Flight Programs. To prepare for development of the Viking
sounding rocket, he arranged to work for eight months from 1946 to 1947
at JPL, which was then under contract with the Army. From 1949 to 1955
Rosen’s NRL team—with contractors from the Glenn L. Martin Company and
Reaction Motors plus advice from Albert C. Hall—launched 12 Viking rock-
ets that pioneered the use of a gimballed engine for steering and prepared
Martin engineers and Rosen for the Vanguard project. Also, Viking’s early
use of aluminum as a structural material showed the way to other rockets
that used this lightweight metal.?

The Vanguard project began in the fall of 1955 with a contract between
the Office of Naval Research and the Martin Company for design, construction,
and preflight testing of a vehicle to launch a U.S. satellite for the IGY (from
1 July 1957 to 31 December 1958). On 30 November 1958, close to the end
of the project, NASA took over responsibility for Vanguard. Meanwhile, on 6
December 1957, the first launch (intended as a test) with a small satellite on
board was a spectacular failure. But between 17 March 1958 and 18 September
1959, Vanguard vehicles successfully orbited three satellites in nine attempts.
This was not a high success rate, but to achieve it the Vanguard team had to
overcome problems with all three stages of the vehicle, including two different
solid-propellant third stages. It placed a satellite into orbit before the end of
the IGY and did so despite a low DOD priority and instructions not to interfere
with high-priority missile projects. With the Thor missile as a first stage, the
Air Force used modified Vanguard second and third stages in the Thor-Able
launch vehicle. A variant of the other third stage, designed by the Allegany
Ballistics Laboratory (ABL), became a third stage for the Delta launch vehicle
and a fourth stage for the Scout launch vehicle. A follow-on version of this
third stage became the third stage for Minuteman I. The strap-down guidance

2. Milton W. Rosen, The Viking Rocket Story (New York, NY: Harper & Brothers, 1955), pp. 18-23, 26, 28,
58-62, 64, 66, 236—237; comments of Rosen on a draft treatment of Viking, 8 May 2002, and in a
telephone conversation with Hunley, 16 and 17 May 2002; interview with Milton William Rosen by David
DeVorkin, Washington, DC, 25 March 1983, pp. 8-31, 44, 52-53, copy available through the Space
History Division, Smithsonian National Air and Space Museum (NASM); The Glenn Martin Company,
“Design Summary, RTV-N-12 Viking, Rockets 1 to 7,” January 1954, pp. 3637, seen in NASM Archives
folder OV-550500-05, “Viking Sounding Rocket.” At the time Rosen did his apprenticeship at JPL, it
was probably the preeminent rocket propulsion organization in the United States. For an overview of its
achievements, see Hunley, Development of Propulsion Technology, pp. 16—20.
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and control system for Vanguard later found extensive use in launch vehicles.
And Vanguard improved the gimballing system used on Viking, a technology
later employed extensively on missiles and launch vehicles.?

These were significant contributions. Taking over the program so late
in the game, NASA did not participate significantly in making them, but the
space agency inherited many of the NRL engineers involved in the program,
and they contributed to other launch vehicles including Delta.

Delta

In January 1959, Rosen suggested to Abe Silverstein, NASA’s Director of Space
Flight Programs, that the Air Force’s Thor-Able launch vehicle be modified
to become the Delta launch vehicle (initially called Thor-Delta). Rosen pro-
posed a more reliable electronics control system than the one on Vanguard,
a stainless-steel combustion chamber (instead of the aluminum one used on
the second stage of Vanguard) and use of the Bell Telephone Laboratories
radio guidance system designed for the Titan ballistic missile, among other
changes. Silverstein agreed to these suggestions, and the original Delta launch
vehicle thus became an amalgam of NRL and Air Force technologies brought
together by Rosen as a NASA engineer—an example of the intricate way in

3. “Project Vanguard, a Scientific Earth Satellite Program for the International Geophysical Year,” a report
to the Committee on Appropriations, U.S. House of Representatives, by Surveys and Investigations
Staff [ca. 15 February 1959], pp. 61-62, 65-66, found in NASM Archives, folder OV 106120-01,
“Vanguard Il Launch Vehicle 4”; Project Vanguard Staff, “Project Vanguard Report of Progress, Status,
and Plans, 1 June 1957,” Naval Research Laboratory Report 4969 (Washington, DC: Naval Research
Laboratory, 1957), pp. 2-6 to 2-7, 2-25 to 2-32, 2-34, 2-37 to 2-38, 2-41 to 2-42, 2-45 to 2-50,
folder 006601, “Vanguard Project: Origins and Progress Reports,” NASA Historical Reference Collection,
NASA History Division, NASA Headquarters, Washington, DC; Kurt R. Stehling, Project Vanguard (Garden
City, NY: Doubleday, 1961), pp. 24, 64-66, 82-83, 103, 106-122, 128-130, 132-135, 156-242,
269-281, 301; Constance McLaughlin Green and Milton Lomask, Vanguard: A History (Washington,
DC: Smithsonian Institution Press, 1971), pp. 57-90, 176-182, 196-198, 204, 210, 213-214, 219,
254-255, 283, 285, 287; John P. Hagen, “The Viking and the Vanguard,” in The History of Rocket
Technology: Essays on Research, Development, and Utility, ed. Eugene M. Emme (Detroit, MI: Wayne
State University Press, 1964), pp. 127-128, 140; R. Cargill Hall, “Origins and Development of the
Vanguard and Explorer Satellite Programs,” Airpower Historian 11, no. 1 (January 1964): 109, 111;
Project Vanguard Staff, “Project Vanguard Report No. 9, Progress through September 15, 1956,” 4
October 1956 (Washington, DC: Naval Research Laboratory, 1956), pp. 5, 7, folder 006601, seen
in “Vanguard Project Origins and Progress Reports,” NASA Historical Reference Collection, NASA
History Division, NASA Headquarters, Washington, DC; The Martin Company, “The Vanguard Satellite
Launching Vehicle: An Engineering Summary,” Engineering Report No. 11022, April 1960, pp. 4, 49-55,
63, cataloged as a book in the NASA History Office; Kurt R. Stehling, “Aspects of Vanguard Propulsion,”
Astronautics (January 1958): 45-46; Milton Rosen letter to J. D. Hunley, 8 May 2002; document titled
“Vanguard Vehicle Characteristics,” n.d. [after 16 December 1959], seen in NASM Archives folder OV-
106015-01, “Vanguard Project History.”
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which NASA, the military services, and private contractors interacted in their
contributions to launch-vehicle technology.*

Beginning with the Thor-Able, the Thor series of launch vehicles was
essentially developed by the Air Force but sometimes used by NASA, while
the Delta was primarily a NASA launch vehicle until the 1990s, sometimes
used by the Air Force. Rosen contracted with the Douglas Aircraft Company
to develop the Delta. NASA and Douglas used components that had already
been proven in flight, reducing the need for developmental flights. Besides
Rosen, many of the NASA personnel working on Delta were former Vanguard
personnel, now working either at NASA Headquarters or at the new GSFC in
nearby Maryland. Among those at GSFC, William R. Schindler headed a small
group that provided direction and technical monitoring of Delta development.’

Throughout its history, NASA’s Delta increased its payload capacity through
a series of models, uprating existing components or adopting new ones that
had already proven themselves. The first Delta model could launch 100 pounds
of payload to geosynchronous transfer orbit (GTO). Beginning in 1962, a series
of Delta models including A, B, C, D, E, J, L, M, M-6, N, 900, 904, 2914, 3914,
3910/Payload Assist Module (PAM), 3920/PAM, 6925 (Delta II), and 7925 (also
a Delta II, introduced in 1990) successively increased their payload capabilities,
with the Delta 3914 (introduced in 1975) able to lift 2,100 pounds to GTO and
the 7925, 4,010 pounds.®

4, Milton W. Rosen, “A Brief History of Delta and Its Relation to Vanguard,” enclosure in letter, Rosen to
Constance McLaughlin Green, 15 March 1968, folder 001835, “Rosen, Milton W. (Misc. Bio)” NASA
Historical Reference Collection, NASA History Division, NASA Headquarters, Washington, DC; Hunley,
Development of Propulsion Technology, pp. 31-32.

5. Rosen, “Brief History,” pp. 1-3; William R. Corliss, draft, “History of the Delta Launch Vehicle,” with
comments by L. C. Bruno, 4 September 1973, folder 010246, “Delta Development (1959-1972),” NASA
Historical Reference Collection, NASA History Division, NASA Headquarters, Washington, DC, pp. 2-6,
2-12 to 2-13, 3-1 through 3-4, 3-9; V. L. Johnson, “Delta,” NASA Program Review, “Launch Vehicles
and Propulsion,” 23 June 1962, pp. 51, 54-56, 67—68; J. D. Hunley, ed., The Birth of NASA: The Diary
of T. Keith Glennan (Washington, DC: NASA SP-4105, 1993), pp. 336-337, 357; W. M. Arms, Thor:
The Workhorse of Space—a Narrative History (Huntington Beach, CA: McDonnell Douglas Astronautics
Company, 1972), pp. 6-49 to 6-50; Schindler’s obituary in the Washington Post (29 January 1992); Stuart
H. Loory, “Quality Control . . . and Success,” New York Herald Tribune (21 April 1963): 4.

6. GSFC, “The Delta Expendable Launch Vehicle,” NASA Facts, [19927], folder 010240, “Delta,” NASA
Historical Reference Collection, NASA History Division, NASA Headquarters, Washington, DC, p. 9; David
lan Wade, “The Delta Family,” Spaceflight 38 (November 1996): 373; Jyri Kork and William R. Schindler,
“The Thor-Delta Launch Vehicle: Past and Future” (paper SD 32 presented at the 19th Congress of the
International Astronautical Federation, New York, NY, 13—19 October 1968), p. 4; J. F. Meyers, “Delta A
New Era Under Way” (paper 89-196 presented at the 40th Congress of the International Astronautical
Federation, Malaga, Spain, 712 October 1989), p. 1.
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During this period, NASA and its contractors enhanced the capabilities of
the first and upper stages, increased the size and length of the tanks in the first
two liquid-propellant stages, upgraded the third-stage motors and guidance
systems, and added incrementally larger and more numerous solid strap-on
motors to improve the boost from the launchpad. As suggested already, most
of these changes were adapted from other vehicles, so they constituted NASA
contributions to launch technologies only in the way they were adapted to the
Delta configurations. But that was itself a significant contribution. For the Delta
E, notably, the third-stage motor, the FW-4 (also employed as a fourth-stage
motor on the Scout Standard Launch Vehicle), used a case made of fiberglass
developed by the Owens-Corning Company that included a low-density silica
material weighing 35 percent less than materials used by competitors. Built by
the United Technology Corporation of United Aircraft, the FW-4 also had an
innovative igniter made of aluminum, which itself burned up during combus-
tion and contributed to propulsion.”

A more significant improvement came in the Delta 900 when a strapped-
down inertial guidance system replaced the radio-inertial guidance system used
previously. The inertial measurement unit for the new system derived from the
abort gyro package for the Apollo Lunar Module. But the Delta Inertial Guidance
System, as the new system was called, adopted a different digital computer from
the one used on the Lunar Module, choosing instead a computer Teledyne had
developed for the Centaur upper stage. Once introduced about 1970, it furnished
navigation, guidance, and control for the first and second stages of the Delta.®

Another major upgrade for the Delta was the introduction of the RS-27
as the stage one engine, derived from the Rocketdyne H-1 developed for
the Saturn I. In 1971, McDonnell Douglas, contractor for the Thor first stage,

7. Meyers, “Delta Il,” pp. 1=2; Kevin S. Forsyth, “Delta: The Ultimate Thor,” in Roger D. Launius and
Dennis R. Jenkins, eds., To Reach the High Frontier: A History of U.S. Launch Vehicles (Lexington:
University Press of Kentucky, 2002), p. 117; Kork and Schindler, “Thor-Delta,” pp. 3-4, 6—7; GSFC,
“Delta Expandable Launch Vehicle,” p. 9; Chemical Propulsion Information Agency, CPIA/M1 Rocket
Motor Manual, vol. 1 (Laurel, MD: CPIA, 1994), unit 480, FW-4,

8. E. W. Bonnett, “A Cost History of the Thor-Delta Launch Vehicle Family” (paper A74-08 presented
at the 25th Congress of the International Astronautical Federation, Amsterdam, 30 September to 5
October 1974), pp. 6, 8, 17, 20; “The NASA/Grumman Lunar Module,” pamphlet in NASM Archives,
folder 0A-69200-01, “Apollo Lunar Module”; information from procurement list for the Lunar Module,
by telephone from Joshua Staff, Cradle of Aviation Museum, Garden City, NY; Pat M. Kurten, “Apollo
Experience Report—Guidance and Control Systems: Lunar Module Abort Guidance System,” TN
D-7990 (Washington, DC: NASA, 1975), p. 9; Charles R. Gunn, “The Delta and Thor/Agena Launch
Vehicles for Scientific Applications Satellites,” GSFC preprint X-470-70-342, 1970, NASM Archives,
folder OD-240014-02, “Delta Launch Vehicle, NASA Report,” p. 7.
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Figure 1: A Delta E rocket launching from KSC on 5 December 1968 carrying Highly Eccentric Orbit Satellite 1
for the European Space Research Organization. Notice the strap-on motors at the base of the Delta. NASA
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subcontracted with Rocketdyne for development, testing, and production of
the RS-27 by modifying the H-1 for compatibility with the Thor airframe. The
RS-27 provided about 207,000 pounds of thrust at sea level, 2,000 more than
the most powerful H-1 and 37,000 more than the previous MB-3 Block II
engine used on the Thor.’

To give but one more instance of the improvements to the Delta, in 1980 it
featured a new third stage, the PAM with a Thiokol Star 48 motor. Developed
starting in 1976 for use with the Space Shuttle, the PAM was derived from the
propulsion unit for Minuteman stage 3, which Thiokol began producing in
1970 using an Aerojet design. On the Shuttle, the PAM propelled satellites to
higher orbits than the Shuttle’s roughly 160-mile range. The PAM used the same
hydroxyl-terminated polybutadiene (HTPB)-ammonium perchlorate-aluminum
propellant as Thiokol’s Antares IIIA rocket motor, itself a third-generation,
third-stage propulsion unit for the Scout launch vehicle. These examples
show the complicated ways in which different rocket programs influenced
and borrowed from one another. Thiokol also used titanium for the PAM’s
Star 48 motor case and the recently developed carbon-carbon composite for
the nozzle’s exit cone.'®

NASA planned to discontinue use of the Delta in the late 1980s in favor of
reliance on the Space Shuttle, but with the Challenger disaster on 28 January
1980, the Air Force awarded a contract to McDonnell Douglas for the first
Delta IIs, with more contracts from both NASA and the Air Force to follow. In
1989, NASA turned over to the Air Force responsibility for managing Delta. As
more an Air Force than a NASA launch vehicle after that, it evolved through

9. PaulN. Fuller and Henry M. Minami, “History of the Thor/Delta Booster Engines,” History of Liquid Rocket
Engine Development in the United States, 1955—1980, ed. Stephen E. Doyle, American Astronautical
Society History Series, vol. 13 (San Diego, CA: Univelt, 1992), pp. 41, 46—47; Chemical Propulsion
Information Agency, CPIA/M5 Liquid Propellant Engine Manual (Laurel, MD: CPIA, 1994), unit 85, LR79-
NA-11, unit 173, H-1 Booster Engines, and unit 196, RS2701A.

10. Thiokol General Corporation, Aerospace Facts, house organ, quarterly (spring 1979): 21, 25, NASM
archives, folder B-7-820030-02, “Thiokol General Publications, ‘Aerospace Facts’.” On the Antares
Ill, see CPIA/M1, unit 577, Antares IlIA, and John W. R. Taylor, ed., Jane’s All the World's Aircraft,
1977-1978 (London, U.K.: Jane’s Yearbooks, 1978), p. 837. On Minuteman Ill, see Hunley, Preludes,
chap. 9, and CPIA/M1, units 457 (Aerojet’s version) and 547 (for Thiokol’s similar variant). On the
development of HTPB, see Hunley, Preludes, p. 324. On carbon-carbon, see S. Luce, “Introduction to
Composite Technology,” prepared for Cerritos College Composite Technician Course, n.d., p. 6, filed as
a book in NASM library; Andrew C. Marshall, Composite Basics, 3rd ed. (Walnut Creek, CA: Marshall
Consulting, 1993), pp. 1-4; Julius Jortner, “Analysis of Transient Thermal Responses in Carbon-Carbon
Composite,” in Thermochemical Behavior of High-Temperature Composites, ed. Julius Jortner (New
York, NY: American Society of Mechanical Engineers, 1982), p. 19.
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Delta III and Delta IV configurations to become part of the Air Force’s Evolved
Expendable Launch Vehicle (EELV) program.*!

Scout
Even more than Delta, the Scout family was a NASA contribution to launch-
vehicle technology. From 1956 to 1957, an imaginative group of engineers,
including later spacecraft designer Maxime A. Faget and promoter of spheri-
cal motors Joseph G. “Guy” Thibodaux, Jr., conceived of Scout at the Pilotless
Aircraft Research Division on Wallops Island, Virginia, then part of the NACA
and its Langley Aeronautical Laboratory. Their idea was to combine four solid-
propellant motors to create an all-solid-propellant launch vehicle. By the time
that NASA had absorbed the NACA, the Air Force had become interested in the
concept and reached an agreement with the new space agency to develop the
vehicle. Once that had occurred, the military air arm would consider modifying
Scout for its own use, calling the result the Blue Scout.'?

The original NASA Scout was developed from an Aerojet motor called
the Jupiter Senior because that firm had produced it as part of the attempt

11. Steven J. Isakowitz, International Reference Guide to Space Launch Systems (Washington, DC: American
Institute of Aeronautics and Astronautics [AIAA], 1991), p. 203; “Delta Il Becomes New Medium Launch
Vehicle,” Astro News 29, no. 2 (23 January 1987), microfilm roll K168.03-2849, Air Force Historical
Research Agency (AFHRA), Maxwell AFB, AL; Luis Zea, “Delta’s Dawn: The Making of a Rocket,” Final
Frontier (February—March 1995): 46; Frank Colucci, “Blue Delta,” Space 3 (May—June 1987): 42; James
M. Knauf, Linda R. Drake, and Peter L. Portanova, “EELV: Evolving toward Affordability,” Aerospace America
(March 2002): 38, 40; Joseph C. Anselmo, “Air Force Readies Pick of Two EELV Finalists,” Aviation Week &
Space Technology (9 December 1996): 82—83; GSFC, “Delta Expendable Launch Vehicle,” p. 3.

12. James R. Hansen, “Learning through Failure: NASA’'s Scout Rocket,” National Forum 81, no. 1 (winter
2001): 18-23; Abraham Leiss, “Scout Launch Vehicle Program Final Report—Phase VI,” NASA
Contractor Report 165950, pt. 1, May 1982, pp. xxxiii, 31-32, 53-54, 56, 65, 90, 131 (available
through NASA libraries on microfiche X82-10346); Matt Bille, Pat Johnson, Robyn Kane, and Erika R.
Lishock, “History and Development of U.S. Small Launch Vehicles,” in To Reach the High Frontier: A
History of U.S. Launch Vehicles, ed. Roger D. Launius and Dennis R. Jenkins (Lexington, KY: University
Press of Kentucky, 2002), pp. 204-213; GSFC, NASA Facts, “NASA’s Scout Launch Vehicle,” April
1992; Jonathan McDowell, “The Scout Launch Vehicle,” Journal of the British Interplanetary Society 47
(March 1994): 102-107 (henceforth, JBIS); James R. Hansen, Spaceflight Revolution: NASA Langley
Research Center from Sputnik to Apollo (Washington, DC: NASA SP-4308, 1995), pp. 197-200, 209—
210, 214-217; Joseph Adams Shortal, A New Dimension. Wallops Island Flight Test Range, the First
Fifteen Years (Washington, DC: NASA Reference Publication 1028, 1978), pp. vii, 484-573, 702—709,
712, 716717, 720; “History—Blue Scout,” in the archives of the U.S. Air Force Space and Missile
Systems Center History Office (SMC/HO), Los Angeles Air Force Base, CA, “Blue Scout Chronology,”
entries for August 1958, 14 October 1958, 3 February 1959, 24 February 1959, 8 May 1959, 24-29
May 1959, 9 September 1959, 2 December 1959, 7 December 1959, 9 March 1960, 30 June 1960,
13 September 1960, and 21 September 1960 (hereafter cited as “Blue Scout Chronology” and “Blue
Scout History”)—1 January 1962 through 20 June 1962 contained in the chronology; Andrew Wilson,
“Scout—NASA’s Small Satellite Launcher,” Spaceflight 21, no. 11 (November 1979): 449-452.
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to convert the Jupiter missile to a solid-propellant version for use at sea; a
Thiokol motor was created by changing the binder for JPL’s Sergeant motor
to a polybutadiene-acrylic acid substance with metallic additives; an ABL
third stage was developed from the Hercules Powder Company third stage
for Vanguard but enlarged for Scout; and the original ABL third stage for
Vanguard was used as the fourth stage for Scout. The first four-stage NASA
Scout flew from Wallops on 1 July 1960. With some of the same stages rear-
ranged and some different motors, the Air Force launched the first of its Blue
Scouts, known as the Blue Scout Junior, on 21 September 1960.'?

Like the Delta, the Scout evolved through a great many configurations, at
least one of them with five stages. Gradually, the distinction between Blue
and NASA Scouts blurred with an agreement between NASA and DOD on 10
January 1970 providing that NASA would contract for Scout launches from
Vandenberg Air Force Base for both DOD and itself. More usually, NASA launched
its Scouts from Wallops or Cape Canaveral, Florida. After 26 April 1967, under
an agreement between NASA and Italy, some Scouts also launched from the
San Marcos platform off the coast of Kenya, Africa. Located on the equator,
San Marcos enabled Scouts to place satellites into orbits not achievable from
the three U.S. launch sites.'

Guidance and control for the early NASA Scouts used a strapped-down
inertial reference package from Minneapolis-Honeywell. It included miniature
integrating rate gyros to detect deviations from the programmed path and an
electronic signal conditioner to convert the outputs of the gyros to appropri-
ate control signals. NASA selected the Chance Vought Corporation as airframe
contractor. Under a variety of different names, this firm gradually acquired

13. Shortal, A New Dimension, pp. 706—709, 720; Hansen, Spaceflight Revolution, pp. 199-200, 209-210;
Wilson, “Scout,” pp. 449-450; U.S. President, Executive Office, National Aeronautics and Space Council,
Report to Congress . . . January 1 to December 31, 1960 (Washington, DC: GPO, 1961), p. 91 (subsequent
citations of reports in this series omit place of publication and publisher, which are the same as in this
citation); Mark Wade, “Blue Scout Junior,” pp. 1-2, available at hitp.//friendspartners.ru/partners/mwade/
Ivs/blurjunior.htm (accessed 6 November 2002); Gunter Krebs, “Blue Scout Junior (SRM-91, MER-6),” p. 1,
available at http://www.skyrocket.de/space/doc_lau/blue_scout_jr.htm (accessed 20 November 2002);
“Blue Scout Chronology,” entries for 21 September 1960; 8 November 1960; 17 August 1961; 4 December
1961; 24 July 1962; 21 November 1962; 18 December 1962; “Blue Scout History,” narrative included in
the “Blue Scout Chronology” package.

14. McDowell, “Scout Launch Vehicle,” pp. 101-103, 105-106; U.S. President, Report to Congress . . .,
1967, p. 127; GSFC, “NASA’s Scout Launch Vehicle”; Leiss, “Scout,” pp. 2-3, 50, 53-54, 56-57, 63,
447-448; Wilson, “Scout,” pp. 449, 453-457, 459; U.S. President, Report to Congress . . ., 1965, p.
149; U.S. President, Aeronautics and Space Report . . ., 1972 Activities, p. 89; Aeronautics and Space
Report . . ., 1974 Activities, p. 128; Aeronautics and Space Report . . ., 1979 Activities, p. 90; Bille et
al., “Small Launch Vehicles,” pp. 208-209.
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responsibility for systems management and motor procurement under the
overall control of Langley Research Center (LaRC) until January 1991, when
responsibility for Scout management shifted to GSFC."

After NASA and Vought overcame some initial systems engineering and
quality control problems, Scout went on to become a long-lasting and suc-
cessful small launch vehicle. It continued to develop, with a long series of
improvements increasing the payload capability of the vehicle from only 131
pounds into a 300-mile circular orbit in 1964 to 454 pounds by 30 October
1979, when the final G-1 configuration became operational. The final launch
occurred on 5 August 19946

Meanwhile, on 16 February 1961, Scout became the first entirely solid-
propellant launch vehicle, as well as the first rocket from Wallops, to achieve
orbit. Among the upgrades from the initial Scout was the Antares IIA third-
stage motor that first flew on 29 March 1962. Developed by the ABL, this motor
featured one of the early composite modified double-base propellants, a major
innovation in solid-propellant technology. This launch marked the shift from
Scout version X-1 to X-2, with the payload capability growing from the initial
131 pounds to 168."

Among other notable technological achievements in the Scout program was
Thiokol’s Antares IIIA third-stage motor developed between 1977 and 1979.
It was an early example of the use of hydroxyl-terminated polybutadiene—a
major new propellant developed by a number of chemists at the Air Force
Rocket Propulsion Laboratory, Thiokol, the Army’s Redstone Arsenal, Atlantic
Research, Hercules, and the Navy, among others. First used on a Scout launch

15. Leiss, “Scout,” pp. 26,31-32, 84—88, 128—133; Shortal, A New Dimension, pp. 710—711; LTV Astronautics
Division, “The Scout,” February 1965, pp. 3-10 to 3-15, filed under “Standard Launch Vehicle I,” at SMC/
HO; Vought Corporation, “Scout User’'s Manual,” 1 June 1977, NASM Archives, folder 0S-050000-70,
“Scout Vehicle Users Manuals, 1977”; Bille et al., “Small Launch Vehicles,” p. 206; A. Wilson, “Scout,” p.
457; SMC/HO; “Press Release Information, Solar Radiation Scout Program,” attachment to letter, Space
Systems Division/SSVXO (Maj. Reed) to DCEP (Maj. Hinds), 6 April 1962, in “Hyper Environment Test
System (TS 609A)” folder, SMC/HO; “NASA Awards Scout Contracts,” Aviation Week (2 March 1959): 22.
None of these sources indicates whether the guidance and control computer was analog or digital, or even
whether Minneapolis-Honeywell provided it or procured it from another company.

16. McDowell, “Scout Launch Vehicle,” pp. 101-103, 105-106; Leiss, “Scout,” pp. 2, 53-54, 56-57,
63, 129, 447-448; Wilson, “Scout,” pp. 449, 453—-457, 459; Bille et al., “Small Launch Vehicles,” pp.
208-211; Gunter Krebs, “Scout,” pp. 2, 5, available at http.//www.skyrocket.de/space/doc_lau_fam/
scout.htm (accessed 26 November 2002).

17. Leiss, “Scout” pp. 3—4, 53-54, 56, 65, 131, 437-438; Wilson, “Scout,” pp. 449-452, 459; McDowell,
“Scout Launch Vehicle,” pp. 100-102, 105-106; Hansen, Spaceflight Revolution, pp. 209-210;
Shortal, A New Dimension, p. 720; U.S. President, Report to Congress . . ., 1961, p. 9; CPIA/M1, unit
428, X254A1; GSFC, “NASA’s Scout Launch Vehicle.” See also Hunley, Viking to Space Shuttle, p. 331.
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on 30 October 1979, the Antares IIIA also featured a composite case made
of Kevlar 49 and epoxy that was lighter than fiberglass and yielded a mass
fraction of 0.923. Because of the motor’s high chamber pressure and exhaust
velocity, it also used a 4-D carbon-carbon nozzle-throat insert.'®

Scout was notable not so much for the new technologies it introduced,
however, as for the niche it filled in the launch-vehicle spectrum. Had it not
been useful, it would not have lasted for nearly three and a half decades and
placed into orbit many scientific and applications payloads including Transit

navigational satellites and Explorer satellites."

Centaur

Centaur was not originally a NASA project, but NASA contributed significantly
to its ultimately successful development. Krafft Ehricke—a former member of
Wernher von Braun’s group in Germany and then the United States who was
working for the Convair Division of General Dynamics in 1957 at the time
of Sputnik—and other engineers decided that liquid hydrogen and liquid
oxygen were the propellants needed for a powerful upper stage for Convair’s
Atlas space-launch vehicle. Ehricke presented the idea to DOD’s new ARPA
on 7 February 1958. The Advanced Research Projects Agency was aware that
Pratt & Whitney had designed both an engine burning liquid hydrogen and
a centrifugal pump to feed the fuel to the engine for an Air Force aircraft
project named Suntan. The following August, ARPA issued an order for an
upper stage to be developed by Convair and liquid-hydrogen/liquid-oxygen
engines to be developed by Pratt & Whitney. Then in October and November,
as NASA was coming into being, the Air Force (at ARPA’s direction) issued
development contracts to the two firms.*°

18. Leiss, “Scout,” p. 54; CPIA/M1, unit 577, Antares IlIA; Brian A. Wilson, “The History of Composite
Motor Case Design” (AIAA paper 93-1782, presented at the 29th Joint Propulsion Conference and
Exhibit, 28—-30 June 1993, Monterey, CA), slides entitled “The 70’s—Kevlar is King” and “Composite
Motor Cases by Thiokol”; C. A. Zimmerman, J. Linsk, and G. J. Grunwald, “Solid Rocket Technology
for the Eighties” (International Astronautical Federation paper 81-353, presented at the International
Astronautical Federation XXXIl Congress, 6—12 September 1981, Rome, Italy), p. 9.

19. Hunley, Development of Propulsion Technology, pp. 70, 73; Steven J. Isakowitz, International Reference
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20. John L. Sloop, Liquid Hydrogen as a Propulsion Fuel, 1945—-1959 (Washington, DC: NASA
SP-4404,1978), pp. 113, 141-166, 178-179, 194-195, 200-201; Virginia P. Dawson and Mark
D. Bowles, Taming Liquid Hydrogen. The Centaur Upper Stage Rocket, 1958—-2002 (Washington,
DC: NASA SP-2004-4230, 2004), pp. 17-20; Joel E. Tucker, “History of the RL10 Upper-Stage
Rocket Engine,” in Liquid Rocket Engine Development, ed. Doyle, vol. 13, p. 125; Space Division,
“Space and Missile Systems Organization: A Chronology, 1954-1979,” p. 56 (hereafter cited as
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On 1 July 1959, the Centaur project transferred to NASA, but Lieutenant
Colonel John D. Seaberg, who previously had overseen the Suntan project,
remained as the Air Force’s Air Research and Development Command project
manager. Milton Rosen became his counterpart in NASA, with Ehricke remain-
ing as Convair’s project manager, a post he had held since November 1958.
These people had to contend with liquid hydrogen’s extremely low density,
cold boiling point, low surface tension, and wide-ranging flammability—quali-
ties that went along with its major asset: provision of more thrust per pound
than any other chemical propellant then in use (about 35 to 40 percent more
than the kerosene used as Atlas’s fuel).?!

In contending with liquid hydrogen’s peculiarities, Ehricke in particular
was hindered by limitations on funding. The Advanced Research Projects
Agency had insisted that General Dynamics restrict its spending on Centaur
to $36 million. Another stipulation was that the project not interfere with
Atlas development and that, where possible, it use off-the-shelf equipment
as well as Atlas tooling and technology. Pratt & Whitney’s funding was $23
million, for a total of $59 million to cover the first six launches, beginning in
January 1961. This amount did not include the costs of a guidance/control
system, Atlas boosters, and launch equipment. As of 1962, Ehricke believed
that the limited funding had prevented his project engineers from doing
necessary ground testing. Another limiting factor was a lower priority than
DOD’s highest rating: DX. The absence of a DX priority prevented subcon-

“SAMSO Chronology”), copy generously provided by the Space and Missile Systems Center History
Office; David N. Spires, Beyond Horizons: A Half Century of Air Force Space Leadership (Peterson
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010976, NASA Historical Reference Collection, NASA History Division, NASA Headquarters, Washington,
DC; Dan Heald, “LH, Technology was Pioneered on Centaur 30 Years Ago,” in History of Rocketry
and Astronautics, Proceedings of the Twenty-Sixth History Symposium of the International Academy of
Astronautics, ed. Philippe Jung, American Astronautical Society History Series, vol. 21 (San Diego, CA:
Univelt, 1997), p. 207; NASA News Release 62-66, “First Launch of Centaur Launch Vehicle Scheduled,”
3 April 1962, NASM Archives, folder 0A-40107-01, “Atlas Centaur Launch Vehicle”; General Dynamics/
Astronautics, “Centaur Primer: An Introduction to Hydrogen-Powered Space Flight,” June 1962, folder
10203, “Centaur General (1959-89),” NASA Historical Reference Collection, NASA History Division,
NASA Headquarters, Washington, DC.
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tractors from providing the same level of service to Centaur as they afforded
to higher-priority efforts.

Under these restrictions, Convair and Pratt & Whitney designed Centaur’s
structure and engines. Ehricke’s engineers used the unusual steel balloon
structure developed for Atlas, which employed pressure in the propellant
tanks to avoid heavy structural support. The resultant light airframe was
critical because liquid hydrogen’s low density forced use of a larger propel-
lant tank than was needed for the denser liquid oxygen. Convair placed the
liquid oxygen tank on the bottom of the stage. Then, to keep weight at a
minimum, Ehricke’s engineers made the bottom of the liquid hydrogen tank
concave so that it fit over the convex top of the oxygen tank, reducing length,
hence weight. But the 4 feet of length and 1,000 pounds of weight that were
saved led to problems from the smallness of the liquid hydrogen molecules
and their extreme coldness. The oxygen tank’s —299°F temperature was so
much “warmer” than the liquid hydrogen’s —423°F that without insulation, the
hydrogen would turn to gas, expand, and exit the tank through a pressure
relief valve needed to prevent explosion. To solve this problem, the engi-
neers placed a bulkhead between the two tanks with a 0.2-inch cavity filled
with fiberglass-covered Styrofoam. When technicians evacuated air from the
pores in the Styrofoam, replaced it with gaseous nitrogen, and then filled
the upper tank with liquid hydrogen, the nitrogen froze, creating a vacuum
because the solid nitrogen occupied less space than when it was liquefied,
a process called cryopumping.?

As a result of the low funding and consequent limited testing, it was
only in mid-1961 that Convair discovered heat transfer through the bulkhead
more than 50 times what was expected. Engineers learned that there were
extremely small cracks in the bulkhead through which the hydrogen was
escaping, eliminating the vacuum and causing the resultant “heat” from the
liquid oxygen to gasify the liquid hydrogen in the tank. The gas that escaped
from the pressure relief valve left insufficient liquid hydrogen for a second
engine burn needed for propelling a satellite from a transfer orbit to a higher
one. Besides insufficient testing, the requirement to use Atlas technology

22. Hearings, Centaur Program, pp. 4-5, 105—106.

23. Joseph Green and Fuller C. Jones, “The Bugs That Live at —423°,” Analog: Science Fiction, Science
Fact 80, no. 5 (January 1968): 8—41; Richard Martin, “A Brief History of the Atlas Rocket Vehicle,” pt.
Il, Quest: The History of Spaceflight Quarterly 8, no. 3 [2000 or 2001]: 43; Heald, “LH, Technology,” pp.
209-210; G. R. Richards and Joel W. Powell, “Centaur Vehicle,” JBIS 42 (March 1989): 99.
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on Centaur had meant that quality control detected cracks down to about
1/10,000 inch. In 1961 Ehricke’s engineers found that hydrogen could escape
through even finer openings that would not have been a problem in Atlas’s
liquid-oxygen tanks.?

By the time Ehricke’s engineers had uncovered this problem, NASA had
assigned responsibility for Centaur to MSFC (on 1 July 1960). Hans Hueter,
Director of MSFC’s Light and Medium Vehicles Office, managed Centaur for
the Center, while Navy Commander W. Schubert served as Centaur project
chief at NASA Headquarters. But it was John L. Sloop, Deputy Director of the
Headquarters group managing NASA’s small and medium-sized launch vehicles,
who visited General Dynamics/Astronautics (GD/A) from 11 to 14 December
1961, to have a firsthand look at the problem. “GD/A,” he wrote, “has studied
the problem and concluded that it is not practical to build bulkheads where
... avacuum could be maintained.” The firm planned to convert to “separate
fuel and oxidizer tanks.” Sloop urged sticking with the integral tank, and the
Centaur team found that adding nickel to welds increased the single-spot shear
strength and fixed the problem.*

Centaur experienced many other problems in the course of its development.
Some involved the engines, forcing Pratt & Whitney into numerous modifica-
tions and redesigns. As a result of all of these problems, the first Centaur launch
did not occur until 8 May 1962, 15 months past the date originally planned.
Even so, the upper stage exploded, splitting open the hydrogen tank. Before
this date, both Sloop and Hueter had complained to GD/A about its matrix
organization in which most of the engineers on the Centaur team there did
not report directly to Ehricke or his project engineer. As a result, Ehricke was
reassigned as not “enough of a[n] S.0.B. to manage a program like this,” and

24. Hearings, Centaur Program, pp. 9, 51, 97; Dawson and Bowles, Centaur, pp. 1920, 34, 51, 74; Irwin
Stambler, “Centaur,” Space/Astronautics (October 1963): 74; John L. Sloop, Memorandum for Director
of Space Sciences, 18 December 1961, NASA Historical Reference Collection, NASA History Division,
NASA Headquarters, Washington, DC; John L. Sloop Papers, box 22, binder, “Centaur Management
& Development, Jan. 1961-Mar. 62”; W. Schubert, “Centaur,” in NASA, Office of Space Sciences,
“Program Review, Launch Vehicles and Propulsion,” 23 June 1962, NASA Historical Reference
Collection, NASA History Division, NASA Headquarters, Washington, DC, pp. 173-175.

25. Hearings, Centaur Program, pp. 7, 33, 47, 66; MSFC, bio, Hans Herbert Hueter, fiche no. 1067, Marshall
History Office Master Collection, copy in folder 001055, NASA Historical Reference Collection, NASA
History Division, NASA Headquarters, Washington, DC; Schubert, “Centaur,” pp. 121-180; Sloop, 18
December 1961 Memorandum, pp. 1-2, quotations; John L. Sloop, Memo for Director of Space Sciences,
20 December 1961, NASA Historical Reference Collection, NASA History Division, NASA Headquarters,
Washington, DC, p. 3, John L. Sloop Papers, box 22, binder “Centaur Management & Development, Jan.
1961-Mar. 62”; Sloop’s bio, Sloop, Liquid Hydrogen, p. 3; Stambler, “Centaur,” pp. 73-75.
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Grant L. Hansen was placed in charge of a “projectized” organization with
about 1,100 employees reporting directly to him.2

At the beginning of January 1962, in agreement with DOD, NASA converted
existing Centaur contracts from Air Force to NASA agreements. Direct project
management shifted from the Air Force to MSFC. By this time, funding had
increased from the original $59 million to $269 million, now for 10 instead of
the original 6 vehicles. Following the 8 May explosion, congressional hearings
had called Centaur management “weak and ineffective.” The hearings had
brought out a difference in design approach between MSFC, where Wernher
von Braun’s team tended to be conservative, and GD/A, which was more will-
ing to gamble on design improvements.?’

Von Braun was uncomfortable with the “pressure-stabilized tanks” of
Centaur and quietly sought to cancel the program in favor of a combination
of his own Saturn launch vehicle with an Agena upper stage. Not willing to
do this, on 8 October 1962, NASA Headquarters began to transfer manage-
ment of the Centaur program to Lewis Research Center, which had a history
of work with liquid hydrogen and to which Silverstein had returned as Center
Director in 1961.%®

Under Lewis management, Centaur continued to have growing pains but
went on to become a highly successful heavy-lift upper stage with numerous
upgrades. Of equal importance, the success of Centaur led to the use of liquid
hydrogen as a fuel on the Saturn launch vehicle’s upper stages and in the Space
Shuttle. NASA, especially the Lewis (now Glenn) Research Center, and its con-
tractors had made this major advance in launch-vehicle technology possible.?

26. Tucker, “RL10 Upper-Stage Rocket Engine,” pp. 126137, 139; Richards and Powell, “Centaur Vehicle,”
pp. 100, 102—103; Green and Jones, “Bugs That Live at —423°,” pp. 21-22; Hearings, Centaur
Program, pp. 12—27,115-116; Schubert, “Centaur,” p. 131; Isakowitz, Space Launch Systems (1995),
p. 205; correspondence by Deane Davis, General Dynamics (ret.), in JBIS 35, no. 1 (January 1982): 17;
Heald, “LH, Technology,” p. 206.

27. Philip Geddes, “Centaur, How It Was Put Back on Track,” Aerospace Management (April 1964): 25,
28-29; Hearings, Centaur Program, pp. 2,9, 37, 66, 104; Hearings, Centaur Program: Centaur Launch
Vehicle Development Program, Report of the Committee on Science and Astronautics (hereafter cited as
Centaur Report), 87th Cong., 2nd sess. H. Rep. 1959, 2 July 1962, pp. 11 (first quotation), 12; Sloop,
Liquid Hydrogen, p. 208.

28. Hearings, Centaur Program, p. 59 for quotation; Dawson and Bowles, Centaur, pp. 54-55, 60;
Silverstein biography from Virginia P. Dawson, Engines and Innovation: Lewis Laboratory and American
Propulsion Technology (Washington, DC: NASA SP-4306, 1991), pp. 169170, 177-178.
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Saturn
The Saturn launch vehicles were a major part of the Apollo program and
a significant NASA contribution to core launch-vehicle technologies. Even
they, however, did not originate with NASA. Wernher von Braun’s group at
the ABMA began in April 1957 to respond to DOD projections foreseeing a
need for a huge booster to launch weather and communications satellites.
The von Braun team, which joined NASA as MSFC only in mid-1960, looked
at the possibility of a launch vehicle with 1.5 million pounds of thrust in its
first stage. When ARPA came into existence in early 1958, it urged the ABMA
to develop the vehicle with existing and proven engines. Von Braun’s group
then selected eight uprated Thor-Jupiter engines in a cluster to provide the
1.5 million pounds of thrust, leading to an ARPA order on 15 August 1958 for
what soon came to be called the Saturn launch vehicle.*®

Under an 11 September 1958 contract, the Rocketdyne Division of North
American Aviation supplied an H-1 engine that significantly exceeded the
description “uprated Thor-Jupiter engine.” It was a product of research and
development on an X-1 engine begun by an Experimental Engines Group at
Rocketdyne in 1957. In other ways, the interim Saturn I and Saturn IB launch
vehicles were based on technologies developed for the Redstone, Jupiter, Thor,
Atlas, Centaur, and other vehicles and stages. For example, the Saturn I second
stage (confusingly designated the S-IV) held six RL10 engines originally devel-
oped by Pratt & Whitney for Centaur. The Douglas Aircraft Company built the
S-IV using information from Centaur contractors Convair and Pratt & Whitney,
as well as its own experience.?!

Development of Saturn I was problematic. Engineers encountered combus-
tion instability in the H-1 engines, sloshing in the first stage’s propellant tanks,
stripped gears in a turbopump on the H-1, an explosion of the S-IV stage during

30. Roger E. Bilstein, Stages to Saturn: A Technological History of the Apollo/Saturn Launch Vehicles
(Washington, DC: NASA SP-4206, 1980), pp. 25—28; MSFC, Saturn Systems Office, “Saturn lllustrated
Chronology (April 1957—April 1962),” 1962, pp. 1-5, in Bellcom Collection, box 13, folder 3, NASM
Archives; Charles Murray and Catherine Bly Cox, Apollo: The Race to the Moon (New York, NY: Simon &
Schuster, 1989), p. 54.

31. Bilstein, Stages to Saturn, pp. 28-31, 188—189; MSFC, “Saturn lllustrated Chronology,” pp. 2—4, 8-10,
12-13, 17-20, 22; “The Experimental Engines Group,” transcript of a group interview with Bill (W. F)
Ezell, Cliff (C. A.) Hauenstein, Jim (J. 0.) Bates, Stan (G. S.) Bell, and Dick (R.) Schwarz, [Rocketdyne]
Threshold: An Engineering Journal of Power Technology, no. 4 (spring 1989): 21—27; Robert S. Kraemer,
Rocketdyne: Powering Humans into Space (Reston, VA: AIAA, 2006), pp. 122—127; Linda Neuman Ezell,
NASA Historical Data Book, vol. 2 (Washington, DC: NASA SP-4012, 1988), pp. 56-58; B. K. Heusinger,
“Saturn Propulsion Improvements,” Astronautics & Aeronautics (August 1964): 25; U.S. President,
Report to Congress . . ., 1964, p. 128.
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static testing, and other problems. Rocketdyne engineers fixed the combustion
instability by rearranging the injector orifices and adding baffles to the injector
face. Different kinds of baffles solved the sloshing problem. Rocketdyne and
MSFC engineers redesigned the gearbox with wider teeth in the gears. And
Douglas engineers apparently redesigned a shutoff valve to prevent another
S-IV explosion. The 10 test flights of Saturn I between 27 October 1961 and
30 July 1965 revealed problems (including the sloshing), but NASA counted
all of the flights as successful, a testimony to the thoroughness and extensive
ground testing of the MSFC engineers and their contractors.*

Guidance and control for the Saturn I (as well as the IB and V) issued
from an instrument unit atop the launch vehicle’s uppermost stage. More than
most other Saturn components, MSFC engineers designed this unit in-house.
The core of the system consisted of a stabilized platform that continued an
evolution from those on the V-2, the Redstone, Jupiter, and Pershing mis-
siles. The instrument unit itself evolved through the Saturn IB and Saturn V.
The system used gyroscopes and accelerometers that were less than half as
heavy as those on the Jupiter. Their weight was the same as on the Pershing
missile, but the materials changed from aluminum, beryllium, and Monel to
beryllium alone, providing better thermal and structural stability. Designed
and developed by the von Braun team at MSFC and its Army predecessor
organizations, the Saturn inertial platform system was built by Bendix and
tested on a high-speed sled track at Holloman Air Force Base in New Mexico.
IBM made the lightweight, high-speed digital computer for the instrument
unit (IU). Engineers at MSFC built the first four IUs before NASA selected
IBM as the prime contractor for the remaining units on the Saturn IB and
those on the Saturn V.*>* This system worked well on the six flights to the
Moon and was a noteworthy achievement.

32. Bilstein, Stages to Saturn, pp. 77-78, 98—104, 184-185, 324-337, 414-415; Summary, “Final
Report S-IV All-Systems Stage Incident January 24, 1964, May 11, 1964,” seen in George E. Mueller
Collection, Manuscript Division, Library of Congress, box 91, folder 14, pp. 2—3; Heusinger, “Saturn
Propulsion Improvements,” p. 25; MSFC, “Saturn lllustrated Chronology,” pp. 46—47; NASA/MSFC et al.,
“Saturn IB News Reference,” December 1965 (changed September 1968), p. 12-2, available at http.//
www.apollosaturn.com/ascom/sibnews/contents.htm (accessed 28 March 2008).

33. Bilstein, Stages to Saturn, pp. 241-252, 477; NASA/MSFC et al., “Saturn IB News Reference,” pp. 1-4,
7-1, 7-3 to 7-7, B-2; Douglas Aircraft Company, “Saturn 1B Payload Planner’s Guide,” n.d., pp. 38-39,
Bellcom Collection, box 14, folder 6, “Saturn IB,” NASM; Walter Haeussermann, “Developments in the
Field of Automatic Guidance and Control of Rockets,” Journal of Guidance and Control 4, no. 3 (May—June
1981); 232-235; series of news releases and progress reports on microfilm roll 32,270, frames 127—
187, 201-236, 293-311, 404-406, 498-500, 506-507, 510-554, 581, 586, and roll 32,273, frames
215-216, all at the AFHRA, Maxwell Air Force Base, Alabama; MSFC, Astrionics Laboratory, “Astrionics
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Saturn IB was a modified version of the Saturn I and a step toward the
Saturn V, with the two Saturn I stages modified and redesignated S-IB and
S-IVB. The S-IVB was the second stage of the Saturn IB and (with modifica-
tions) the third stage of Saturn V. S-IB contained uprated versions of the
H-1 engine, while S-IVB employed a new and much larger liquid-hydrogen
engine than the RL10. The thrust of the new J-2 exceeded that of all six RL10s
on Saturn 1. On 10 September 1960, Rocketdyne won a contract to develop
the J-2. Its engineers had trouble with the injectors for the new engine until
NASA facilitated Rocketdyne’s borrowing of technology from the RL10 in one
of many examples of shared information between competing contractors in
launch-vehicle development as well as of NASA’s direct involvement with its
contractors’ development efforts.>*

With three instead of just two stages, the 363-foot Saturn V was a sub-
stantially larger and more powerful launch vehicle than the 224-foot Saturn
IB. The Saturn V’s five F-1 engines—built by Rocketdyne under a 9 January
1959 contract with NASA—produced 7,760,000 pounds of thrust as com-
pared with a total thrust of 1,600,000 pounds from the eight H-1s on the
Saturn IB. Like the H-1, the F-1 burned RP-1 (kerosene) and liquid oxygen,
so its basic technology was not new. But the huge increase in thrust on the
F-1 necessitated a major advance in the art of engine design and develop-
ment. In a hot-fire test of the F-1 at Edwards Air Force Base on 28 June 1962,
combustion instability produced meltdown of the engine. A large team of
engineers (including Jerry Thomson from MSFC and Paul Castenholz and

System Handbook, Saturn Launch Vehicle,” 2 January 1964, pp. 4-29, 4-33, 4-35, Bellcom Collection,
box 13, folders 8 and 9, NASM; NASA, “Saturn V News Reference,” MSFC, KSC, and contractors, August
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Dan Klute from Rocketdyne) found that, as Thomson admitted, the instability
started “for reasons we never quite understood.” Employing trial-and-error
methods together with high-speed instrumentation and thorough analysis,
the team tested 40 to 50 different designs before discovering a combination
of baffles, enlarged fuel-injection orifices, and changed impingement angles
that proved effective.®

Multiple other challenges faced NASA and contractor engineers working on
the Saturn V. Eleven failures of the turbopump on the F-1 all required redesign
or a change in manufacturing procedures. The S-II second stage, designed and
built by the Space and Information Systems Division of North American Aviation
(NAA), proved especially defiant of solution to its problems. Engineers at MSFC
helped those at NAA to solve welding problems with a 2014 T6 aluminum alloy
used for the huge propellant tanks. At NASA’s insistence, NAA changed manag-
ers. Retired Major General Robert E. Greer introduced management techniques
he had learned at the Air Force’s Ballistic Missile Division. All of these issues
delayed the first launch of the Saturn V from August until 9 November 1967.
But then Apollo 4 (flight AS-501) was nearly flawless.>
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58-60, 104113, 115-116, 339-344, 414-416; NASA/MSFC et al., “Saturn IB News Reference,”
unpaginated Saturn IB Fact Sheets; MSFC, “Saturn lllustrated Chronology (to April 1962),” pp. 4,
13-14; Ezell, NASA Historical Data Book, vol. 2, p. 59; William J. Brennan, “Milestones in Cryogenic
Liquid Propellant Rocket Engines” (AIAA paper 67-978, delivered at the AIAA 4th Annual Meeting and
Technical Display, 23—27 October 1967, Anaheim, CA), pp. 8-9; Vance Jacqua and Allan Ferrenberg,
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Historical Reference Collection, NASA History Division, NASA Headquarters, Washington, DC; Mike
Gray, Angle of Attack: Harrison Storms and the Race to the Moon (New York, NY: Norton, 1992), pp. 20,
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Resolving problems required teamwork to create and perfect the Saturn
rockets that ultimately carried 18 astronauts to the vicinity of the Moon,
whence 12 of them actually landed on Earth’s natural satellite. Both Germans
and Americans at MSFC cooperated with other NASA Centers, universities,
contractors, and the U.S. military to produce the Apollo launch vehicles. A
key ingredient in the success of the Saturn launch vehicles was management
systems. As he had done in Germany developing the V-2 missile and at the
ABMA with the Redstone, Jupiter, and Pershing, von Braun served as an overall
systems engineer. He displayed an uncanny ability to grasp technical details
at meetings and explain them in terms that experts from multiple disciplines
could understand. He used weekly notes from and to his managers that com-
municated difficulties and facilitated solutions across organizations at MSFC.?’

For Saturn and the Apollo program in general, however, these techniques
alone were not enough. Samuel Phillips, a general borrowed from the Air Force
to direct the Apollo program, and George E. Mueller, who was Phillips’s boss as
head of NASA’s Office of Manned Space Flight (OMSF), provided contributions
of their own. Mueller assumed his post in NASA on 1 September 1963, when
the Apollo program was well under way. Determining that the program was
behind schedule, Mueller quickly changed the way Saturn was flight-tested
from launches with only parts of the vehicle “live” to the all-up method used
for the Air Force’s Minuteman missile in which the first Saturn IB and the
Saturn V launches would use all live stages.*®

All-up testing conflicted with the step-by-step procedures the von Braun group
favored. When von Braun presented the idea to his staff on 4 November 1963, it cre-
ated a “furor.” Recalling numerous failed launches in the V-2, Redstone, and Jupiter
programs, structures expert William A. Mrazek said the idea was insane; other lab

”»

heads and project managers pronounced it a “dangerous idea” and “impossible.
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Figure 2: Diagram of a Saturn V launch vehicle’s components and characteristics. NASA

Von Braun had his own doubts but had to agree with Mueller that launches of
individual stages would prevent landing on the Moon on schedule (before 1970).%°
Despite the doubts, all-up testing worked on Saturn as it had on Minutemen.
Another practice at MSFC that did not accord well with the procedures
Mueller and Phillips had learned in the Air Force (Mueller as a contractor) was
an inclination to base technical decisions on their merits alone without much
consideration of schedule or cost. The effects of decisions on time, budget,
and configuration control had become critical in the Air Force, and Phillips
arranged, soon after his arrival at NASA Headquarters in January 1964, to
issue a NASA Apollo Configuration Management Manual (May 1964) that was
adapted from an Air Force counterpart. In June, Phillips and a subordinate
presented configuration management to an Apollo Executive Group of which
von Braun was a member. Von Braun complained that costs of developing
programs were “very much unknown, and configuration management does not

39. Bilstein, Stages to Saturn, pp. 349-351, first quotation from p. 349; Dunar and Waring, Power to
Explore, pp. 94-95, second and third quotations.
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help,” arguing the need for flexibility. Phillips explained that the system did
not preclude flexibility but simply ensured that managers defined an expected
design “at each stage of the game” and then communicated with everyone else
when it had to change. It took some time for Center Directors like von Braun
to accept the new system, but it was firmly established about the end of 1966.%

Mueller and Phillips introduced other management procedures and a control
room at NASA Headquarters with data links to Field Centers. Part of the system
was a NASA version of the Navy’s Program Evaluation and Review Technique
used in the Polaris program. Without their borrowings from such military pro-
cedures, it seems unlikely that the United States would have landed astronauts
on the Moon before 1970. But contributions by von Braun and his MSFC team
were also critical, as were those of other NASA Centers (including Lewis Research
Center for liquid-hydrogen technology used on the Saturn upper stages) and
NASA contractors, among others. Saturn was very much a team effort.*!

Space Shuttle

The pattern of collaboration and partnership continued with the Space Shuttle,
a radical departure from the expendable launch vehicles that had preceded it.
Now discredited in many circles by the Challenger and Columbia disasters, as
well as the high costs of Shuttle missions, the reusability of most parts of the
Shuttles seemed a good idea in the 1970s. People hoped at the time that like
airliners, Shuttles would be reused many times, saving on costs. A key feature
of the orbiters was a Space Shuttle main engine (SSME) with a combustion-
chamber pressure well above that of previous liquid-hydrogen- and liquid-
oxygen-burning engines (including Saturn’s J-2), employing something called
staged combustion, in which the hydrogen-rich turbine exhaust would flow
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309. For a somewhat different perspective on these developments, see Yasuchi Sato, “Local Engineering and
Systems Engineering: Cultural Conflict at NASA's Marshall Space Flight Center, 1960-1966,” Technology
and Culture 46, no. 3 (July 2005): 561-583

41. Johnson, “Samuel Phillips,” pp. 700-704; MSFC, Apollo Program Management 3 (December 1967):
4-29, Mueller Collection, box 64, folder 9; Levine, Managing NASA, pp. 156—157; Navy briefing in Samuel
C. Phillips Collection, Manuscripts Division, Library of Congress, box 47, folder 12; Swanson, Before
This Decade is Out . . ., pp. 101102, 108; Samuel C. Phillips to Dr. Mueller, 3 October 1964, Mueller
Collection, box 43, folder 4; OHI of General Samuel C. Phillips by Frederick I. Ordway, Cosmos Club,
Washington, DC, 29 January 1988, including extracts from Phillips’s Wernher von Braun Memorial Lecture,
NASM, 28 January 1988, Washington, DC, pp. 1, 3—4, 7-8, Phillips Collection, box 138, folder 10.
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into the combustion chamber to add to the thrust. In July 1971, Rocketdyne
won the contract to design and build this complex engine.®

Timing for such an engine was difficult and delicate, as was the design of
adequate turbopumps. Fires that burned up the evidence of what had caused
them and other problems delayed the first flight of the Shuttle from March
1978 to 12 April 1981. “In assessing the technical difficulties that have been
causing delays in the development and flight certification of the SSME at full
power, it is important to understand that the engine is the most advanced liquid
rocket motor ever attempted,” stated an ad hoc committee of the Aeronautics
and Space Engineering Board in 1981. “Chamber pressures of more than 3,000
psi, pump pressures of 7,000-8,000 psi, and an operating life of 7.5 hours
have not been approached in previous designs of large liquid rocket motors,”
the Board added.®

Initial plans for the Shuttle had called for a fully reusable, two-stage vehicle,
but budgetary realities in the early 1970s forced NASA and its contractors
to compromise and create an only partially reusable Shuttle system with a
stage-and-a-half concept in which solid rocket boosters (SRBs) attached to a
nonreusable external tank would provide 71.4 percent of the Shuttle’s thrust
at liftoff and during the early stage of ascent until they separated about 75
seconds into the mission for later recovery and reuse. The SRBs would cost
more per launch than reusable liquid boosters, but because of the Air Force’s
development of the similar, if somewhat smaller, Titan solid rocket motors

42. See Dennis R. Jenkins, Space Shuttle: The History of the National Space Transportation System, the First
100 Missions, 3rd ed. (Cape Canaveral, FL: D. R. Jenkins, 2001), and T. A. Heppenheimer, Development
of the Space Shuttle, 1972—1981, History of the Space Shuttle, vol. 2 (Washington, DC: Smithsonian
Institution Press, 2002), for (sometimes conflicting) details of Shuttle development and construction.
For the specifics of the paragraph in the narrative: Heppenheimer, Development of the Space Shuttle,
p. 126; Jenkins, Space Shuttle, pp. 224—-225; Robert E. Biggs, “Space Shuttle Main Engine: The First
Ten Years,” in Liquid Rocket Engine Development, ed. Doyle, vol. 13, pp. 75—76; Al Martinez, “Rocket
Engine Propulsion Power Cycles,” [Rocketdyne] Threshold, no. 7 (summer 1991): 17. The discrediting
of the Space Shuttle is at least implied by NASA's plans to replace it with Shuttle-derived hardware in
an Apollo-like, nonreusable configuration for Ares | and Ares V, to be discussed at the end of this chapter.

43. Heppenheimer, Development of the Space Shuttle, pp. 127-128, 133—-134, 148-171; R. Wiswell and
M. Huggins, “Launch Vehicle & Upper Stage Liquid Propulsion at the Astronautics Laboratory (AFSC)—A
Historical Summary” (unpaginated paper, AIAA-1990-1839, presented at the AIAA/SAE/ASME/ASEE
26th Joint Propulsion Conference, Orlando, FL, 16—18 July 1990); Biggs, “Space Shuttle Main Engine,”
pp. 80—118; Jenkins, Space Shuttle, pp. 225—227; Aeronautics and Space Engineering Board, Assembly
of Engineering, National Research Council, Report of Ad Hoc Committee on Liquid Rocket Propulsion
Technologies, Liquid Propulsion Technology: An Evaluation of NASA's Program (Washington, DC: National
Academy Press, 1981), p. 16, Mueller Collection, box 198, folder 9 “NASA, 1981.”
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(SRMs), SRBs would be cheaper to develop at a time when NASA’s budget
was most constrained.

Marshall Space Flight Center awarded contracts to Lockheed Propulsion
Company, United Technology Center, Thiokol, and Aerojet General to study
configurations for the SRB motors. NASA followed these up with Requests for
Proposals (RFPs) on 16 July 1973. All four companies responded with tech-
nical and cost proposals, but Aerojet ignored a requirement in the RFP and
offered a welded case without segmentation, stating that such a case would
be less costly, lighter, and safer, with barge transportation to launch sites from
Aerojet’s production facility. If Aerojet could have won the contract, possibly
the Challenger accident, caused by a problem with a joint in the segmented
motor case, might have been avoided. But Thiokol won the contract on 20
November 1973.%

Thiokol acquired some of the technology used to develop the SRBs from
participation in the Air Force’s Large Segmented Solid Rocket Motor Program,
part of which NASA paid for. This included a Lockseal gimballing nozzle,
developed by Lockheed, that Thiokol scaled up and called Flexseal. But also
included were experience and access to materials, designs, and fabrication
methods that Thiokol could apply to the Shuttle SRBs. Thiokol’s participation
in the Minuteman missile program was also, no doubt, helpful.*

As George Hardy, the project manager for the SRB at MSFC from 1974 to
1982, said, the Center tried “to avoid inventing anything new” in the booster’s
design. Thus the steel case was the same type (D6AC) used on Minuteman
and the Titan IIIC, showing once again the interconnectedness of missile and
launch-vehicle development. The PBAN propellant was the same type used

44. Rockwell International, “Press Information: Space Shuttle Transportation System,” January 1984, NASA
Historical Reference Collection, NASA History Division, NASA Headquarters, Washington, DC, p. 21;
Dennis R. Jenkins, “Broken in Midstride: Space Shuttle as a Launch Vehicle,” in To Reach the High
Frontier, ed. Launius and Jenkins, pp. 358-375; Joan Lisa Bromberg, NASA and the Space Industry
(Baltimore, MD: Johns Hopkins University Press, 1999), pp. 77-93; T. A. Heppenheimer, The Space
Shuttle Decision: NASA's Search for a Reusable Space Vehicle (Washington, DC: NASA SP-4221, 1999),
pp. 245-290, 331-422; Jenkins, Space Shuttle, pp. 139-152, 167—173; John F. Guilmartin, Jr., and
John Walker Mauer, A Space Shuttle Chronology, 1964—1973: Abstract Concepts to Letter Contracts,
5 vols. (Houston, TX: JSC-23309, 1988), esp. 4: V-5 to V-18, V-23 to V-135, V-193, V-194, V-237 to
V-240, and 5: VI-45, VI-46.

45, Jenkins, Space Shuttle, pp. 184—186; Heppenheimer, Development of the Space Shuttle, pp. 71-78;
John M. Logsdon et al., Exploring the Unknown: Selected Documents in the History of the U.S. Civil
Space Program, vol. 4, Accessing Space (Washington, DC: NASA SP-4407, 1999), Document Il-17, pp.
269, 271; Bromberg, NASA and the Space Industry, p. 100.

46. This paragraph summarizes a longer treatment in J. D. Hunley, “Minuteman and the Development of
Solid-Rocket Launch Technology,” in To Reach the High Frontier, ed. Launius and Jenkins, pp. 271-278.

102



Space Access

Figure 3: Two sets of cross sections of the original and redesigned field joint for the Space Shuttle
solid rocket boosters showing details of both. Taken from NASA, National Space Transportation System
Reference, vol. 1, Systems and Facilities (Washington, DC: NASA, 1988), pp. 33a, 33b.
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on the first stage of Minuteman and the Navy’s Poseidon missile, even though
other propellants provided higher performance. Cost and human rating here
were more critical than greater thrust per pound of propellants.?’

One place where designers departed from MSFC advice “to avoid anything
new” was in the tang-and-clevis joints connecting the segments of the SRBs.
The Shuttle joints were superficially similar to those in the Titan IIIC but dif-
fered in important ways, including orientation. In the Titans, the single tang
pointed upward and fit into the two-pronged clevis. With the clevis pointing
down, encasing the tang, the Titan joint was protected from rain or dew drip-
ping into it. The Shuttle’s joint faced the opposite direction. Additionally, the
Titan’s joint used only one O-ring; the Shuttle had two. To keep the single O-ring
from shrinking in cold weather and then possibly allowing a gas blow-by when
the motor was firing, the Titan had heating strips, which the Shuttle lacked.®®

It seems clear that this change in design, plus bad judgment in launching
during cold weather on 28 January 1986, caused the Challenger accident.
This is perhaps confirmed by the extensive redesign of the field joints fol-
lowing the accident. Instead of having the tang remain a cylindrical piece
fitting down into the clevis, a redesign added a tang capture feature, creating
in effect a slot in the tang with the capture feature enveloping one side of
the clevis. This tang capture feature limited “the deflection between the tang
and clevis O-ring sealing surfaces caused by motor pressure and structural
loads.” A third (or capture-feature) O-ring added to the sealing capability of
the new design, with an additional leak check port ensuring that the pri-
mary O-ring was in its proper place at ignition and beyond. Custom shims
“between the outer surface of the tang and inner surface of the outer clevis
leg” compressed the O-rings. The redesign ensured that the seals would not
leak under twice the anticipated structural deflection. Also added to the

47. Jenkins, Space Shuttle, p. 186; Hunley, “Minuteman and the Development of Solid-Rocket Launch
Technology,” pp. 278-280; Rockwell International, “Press Information: Space Shuttle,” pp. 21-46;
CPIA/M1, Unit 556, Space Shuttle Booster; Heppenheimer, Development of the Space Shuttle, pp.
175-176.

48. Comments of Bernard Ross Felix, 22 August 2000, on a draft of Hunley, “Minuteman and Solid Rocket
Technology”; see also Hunley, “Minuteman,” pp. 278-280; Wilbur C. Andrepont and Rafael M. Felix,
“The History of Large Solid Rocket Motor Development in the United States” (paper AIAA-94-3057
presented at the 30th AIAA/ASME/SAE/ASEE Joint Propulsion Conference and Exhibit, Indianapolis, IN,
27-29 June 1994), pp. 7, 14; Heppenheimer, Development of the Space Shuttle, pp. 177-178; J. D.
Hunley, “The Evolution of Large Solid Propellant Rocketry in the United States,” Quest: The History of
Spaceflight Quarterly 6, no. 1 (1998): 31, 37; NASA, National Space Transportation System Reference,
vol. 1, Systems and Facilities (Washington, DC: NASA, 1988), pp. 33a, 33c.

104



Space Access

field joint were external heaters to maintain a temperature of at least 75°F
and moisture seals to help maintain the temperature and prevent water from
seeping into the joint (see figure 3, p. 103).%

A third part of the Shuttle’s propulsion system consisted of the external
tank, the major nonreusable portion of the launch vehicle. On 6 August 1973,
NASA chose Martin Marijetta to negotiate a contract for the design, develop-
ment, and testing of the external tank. Larry Mulloy at MSFC, who worked
on the tank, thought it posed no technological challenge despite the aerody-
namic heating and heavy loads it faced on ascent. As it turned out, the weight
limit MSFC established—75,000 pounds—did present a major challenge, and
the external insulation later caused the loss of Space Shuttle Columbia on 1
February 2003. There had been a “breach in the Thermal Protection System on
the leading edge of the left wing” of the orbiter due to its being struck by “a
piece of insulating foam” from the external tank. As the orbiter reentered the
atmosphere, this breach produced aerodynamic superheating of the wing’s
aluminum structure, melting it and causing the breakup of the vehicle as
aerodynamic forces increased.>®

Because it was mainly used as a spacecraft and landing vehicle, the orbiter
itself will not be discussed in this account of the Shuttle as a launch vehicle.
As the tragic losses of Challenger and Columbia showed, overall the Shuttle
was clearly a flawed launch vehicle. One of the flaws apparently resulted from
failure to use the tang-and-clevis joint from Titan III, although there may have
been proprietary issues that prevented this. The Aerojet proposal would have
eliminated joints altogether, but concerns besides nonresponsiveness to the
RFP may have caused that option to be rejected. Other flaws clearly resulted

49. Allan J. McDonald with James R. Hansen, “Truth, Lies, and O-Rings: The Untold Story Behind the
Challenger Accident: An Excerpt from the forthcoming book,” Quest: The History of Spaceflight
Quarterly 14, no. 3 (2007): 6-11; Logsdon et al., Exploring the Unknown, vol. 4, Accessing Space,
Document [I-39, “Presidential Commission on the Space Shuttle Challenger Accident, ‘Report at a
Glance,” June 6, 1986,” pp. 358-359, 363, 366—368, 386; Stephen P. Waring, “The ‘Challenger’
Accident and Anachronism: The Rogers Commission and NASA’'s Marshall Space Flight Center” (paper
presented at the National Council on Public History Fifteenth Annual Conference, 22 April 1993), pp. 9-15,
18; NASA, National Space Transportation System Reference, vol. 1, pp. 27-33h, quotations from p. 33a.

50. Jenkins, Space Shuttle, pp. 186—187; Rockwell International, “Press Information: Space Shuttle,” p. 46;
Heppenheimer, Development of the Space Shuttle, pp. 68—69; Dunar and Waring, Power to Explore,
pp. 292-294, 301, 323; Columbia Accident Investigation Board, Report, vol. 1 (August 2003), p. 9 (for
quotations), available at http://anon.nasa-global.speedera.net/anon.nasa-global/CAIB/CAIB_lowres._
intro.pdf (accessed 26 March 2008). (For the general site of the Report, see htip.//www.nasa.gov/
columbia/home/CAIB_Vol1.html, accessed same date; henceforth Columbia Accident Investigation
Board, Report.
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from limited funding and negotiations of NASA managers with the Air Force,
OMB, and the White House. As the Columbia Accident Investigation Board
stated, however, “Launching rockets is still a very dangerous business, and will
continue to be so for the foreseeable future as we gain experience at it. It is
unlikely that launching a space vehicle will ever be as routine an undertaking
as commercial air travel.”*

Nevertheless, for all of its flaws, the Space Transportation System consti-
tuted a notable engineering achievement. It has achieved goals that would be
more difficult for an expendable launch vehicle to accomplish. So far, these
have ranged from rescue and relaunch of satellites in less than satisfactory
orbits to the five repairs and upgrades to the Hubble Space Telescope. These
are remarkable feats that make the Space Shuttle an important contribution to
launch-vehicle technology, even as NASA engages in developing its successor.

Ares
From 2005 to 2006, NASA began developing two new launch vehicles intended
to avoid the hazards of a reusable orbiter that could be damaged by dislodged
insulation from an external tank. These vehicles, dubbed Ares I and Ares V,
were expected to build upon Shuttle and other existing launch technology to
support future missions not just to the ISS, but to the Moon, Mars, and else-
where in the solar system. By mostly abandoning reusability, the new vehicles
will provide greater safety. The Ares I first stage will consist of a five-segment,
reusable SRB enlarged from a single Shuttle SRB. The second stage will use
a J-2X engine derived from the J-2 used on Saturn and a J-2S version that
Rocketdyne developed and tested in the early 1970s but never flew. Ares I is
expected to be capable of launching up to six astronauts to the ISS or up to
four astronauts to low-Earth orbit for rendezvous of its Orion service module
with an Ares V Earth departure stage for travel to the Moon.>

Ares V, the heavy-lift vehicle, will consist of two five-and-a-half-segment,
reusable SRBs derived from the Shuttle SRB, mounted on each side of a central

51. Roger D. Launius, “NASA and the Decision to Build the Space Shuttle, 1969—72," Historian 57 (autumn
1994): 34; Ray A. Williamson, “Developing the Space Shuttle,” in Exploring the Unknown, ed. Logsdon
et al., vol. 4, pp. 161-191, esp. p. 182; Columbia Accident Investigation Board, Report, pp. 1-19,
quotation from p. 19.

52. NASA, “Overview: Ares | Crew Launch Vehicle,” available at http.//www.nasa.gov/mission_pages/
constellation/ares/ares!.htm/and associated links (accessed 1 July 2008). See also Hunley, Development
of Propulsion Technology, p. 296. These comments were written in 2008. As of 5 September 2009, the
future of Ares | and Ares V seems to be in some doubt.
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booster element, itself based in part on the Shuttle external tank with liquid-
oxygen and liquid-hydrogen tanks plus six RS-68B rocket engines, the latter
modified from engines on the Air Force’s Delta IV. An upper stage, also called
the Earth departure stage, will be powered by a J-2X. Once the Earth departure
stage and its Lunar Surface Access Module separate from the central booster
element, they will rendezvous with the Orion module for their journey to the
Moon. Planners expect the launch vehicle will be able to lift nearly 414,000
pounds to low-Earth orbit and almost 157,000 pounds to lunar orbit. Ares V
will also be able to launch scientific and exploration payloads into space and
could take future crews to Mars and beyond.”

As can be seen in part from the above description, the two new launch
vehicles build upon not only Shuttle and Saturn technologies, but also those
from the Air Force and contractors for all three. While it does not appear that
the new vehicles will have all of the Space Shuttle’s flexibilities in Earth orbit,
they will be able to access further reaches of space and return to Earth. The
Ares vehicles would reportedly be safer than the Shuttle and an EELV-derived
configuration, as well as less expensive than an EELV derivative >

Conclusions

This narrative has not addressed all of NASA’s contributions to launch-vehicle
technologies, but the major examples discussed here show a fairly consistent
pattern. NASA has contributed in major ways to these technologies, but in
doing so, it has worked with partners and built upon the work of the military
services and industry in particular. Access to space has not come about through
the innovations of a few geniuses alone—whether in NASA or elsewhere. It
has resulted from an evolutionary process in which many organizations have

cooperated in a variety of ways.

53. NASA, “Overview: Ares V Cargo Launch Vehicle,” available at htfp.//www.nasa.gov/mission_pages/
constellation/ares/aresV.html and associated links (accessed 1 July 2008).

54. See, e.g., Jeff Foust, “Defending Constellation,” Space Review (4 February 2008), available at htip.//
www. thespacereview.comy/article/1054/1 (accessed 28 March 2008).
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Chapter 6

NASA’s International
Relations in Space

An Historical Overview

John Krige

“That’s one small step for man, one giant leap for mankind.” These “eternally
famous words,” as James Hansen calls them in his biography of Neil Armstrong,
expressed both a NASA and an American triumph.! They also reached out to
the millions watching the spectacle on television screens all over the world,
allowing them to make it their own. Elevating the particular to the universal,
Armstrong suggested that the awesome technological power embodied in the
Moon landing, while indicative of American supremacy, was also a resource
that would benefit all—a promise, not a threat. About 30 minutes into the mis-
sion, shortly after having been joined by Edwin “Buzz” Aldrin, Armstrong read
the words on a plaque attached to one of the ladder legs of the Lunar Module.
The Eagle—a name deliberately chosen by the astronauts as the symbol of
America—had no territorial ambitions: as Armstrong said, “We came in peace
for all mankind.”” “For one priceless moment in the history of man,” Nixon
told the astronauts as they explored the lunar surface, “all the people on this
earth are truly one”—one, that was, under the benevolent American flag that
had been erected with some difficulty a few minutes earlier.?

The spectacles of the Moon landing and the moonwalk are suffused with
quintessentially American tropes: white, athletic males burst the grip of gravity

1. James R. Hansen, First Man: The Life of Neil A. Armstrong (New York, NY: Simon & Schuster, 2005), p.
493,

2. Ibid., pp. 393, 503.

3. Ibid., p. 505.
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to conquer a new frontier.* America’s technological superiority in the service of
global expansion is affirmed. Feelings of national pride mingle with arrogance,
“an arrogance,” as Aldrin put it, “inspired by knowing that so many people had
worked on this landing, people possessing the greatest scientific talents in
the world.” The vitality of a dynamic capitalist society imbued with Christian
values—Aldrin took Communion soon after the Eagle landed on the Moon—is
affirmed against the suffocating state socialism of godless communism.°

The coupling of national prowess with global leadership was deliberate.
For Willis Shapley, Associate Deputy Administrator at NASA Headquarters, the
mission would show the world that “the first lunar landing [is] an historic step
forward for all mankind that has been accomplished by the United States of
America.”” All the same, we should not be overwhelmed by the political and
ideological staging of Apollo 11 as an American-led achievement of transcen-
dent meaning. For the mission also had genuine international components.
As everybody knows, beginning with Apollo 11, NASA astronauts collected
over 840 pounds of Moon rock and distributed hundreds of samples for public
viewing and scientific research all over the world.® Less well-known is the fact
that the first video images of Armstrong’s and Aldrin’s steps on the Moon were
picked up not in the United States, but by antennas at Honeysuckle Creek and
the Parkes Observatory near Canberra in Australia, a tribute to the vast global
data and tracking network that supports NASA’s missions.’ Even more pertinent
for this article, one of the few scientific experiments conducted on the lunar
surface during Armstrong and Aldrin’s 160-odd minutes of surface activity on
the night of 20 July 1969 had a foreign Principal Investigator.

4. For survey of the historical literature, see Roger D. Launius, “Interpreting the Moon Landings: Project
Apollo and the Historians,” History and Technology 22, no. 3 (September 2006): 225-255. On the
gendering of the Apollo program, see Margaret A. Weitekamp, The Right Stuff, the Wrong Sex: The
Lovelace Women in the Space Program (Baltimore, MD: Johns Hopkins University Press, 2004);
Margaret A. Weitekamp, “The ‘Astronautrix’ and the ‘Magnificent Male’: Jerrie Cobb’s Quest to be the
First Woman in America’s Manned Space Program,” in Impossible to Hold: Women and Culture in the
1960s, ed. Avital H. Bloch and Lauri Umansky (New York, NY: New York University Press), pp. 9-28.

5. Edwin E. “Buzz” Aldrin (with Wayne Warga), Return to Earth (New York, NY: Random House, 1973), p. 231.
This feeling was bolstered by the successful management of a last-minute alarm by the astronauts and
ground control at Houston as Armstrong and Aldrin were just 6,000 feet above the lunar surface. See also
David Mindell, Digital Apollo: Human and Machine in Spaceflight (Cambridge, MA: MIT Press, 2008).

. On the Communion, see Aldrin, Return to Earth, pp. 232—233.

. Quoted by Hansen, First Man, p. 495.

. Ibid., pp. 513-514.

. Sunny Tsiao, “Read You Loud and Clear!” The Story of NASA's Spaceflight Tracking and Data Network
(Washington, DC: NASA SP-2007-4232), chap. 5.
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Figure 1: Astronaut Edwin E. “Buzz” Aldrin, Jr., Lunar Module pilot during the Apollo 11 extravehicular
activity (EVA) on the lunar surface. In the right background is the Lunar Module Eagle. On Aldrin’s right
is the Solar Wind Composition Experiment already deployed. This photograph was taken by Neil A.
Armstrong with a 70-millimeter lunar surface camera. NASA Image AS11-40-5873

During their brief sojourn on the Moon the astronauts engaged in six sci-
entific experiments, all chosen by a NASA scientific panel for their interest and
excellence. Five of these were part of the Early Apollo Scientific Experiment
Package. They included a passive seismometer to analyze lunar structure and
detect moonquakes, as well as a device to measure precisely the distance between
the Moon and Earth. The sixth was an independent Solar Wind Composition
Experiment. To perform this experiment the astronauts had to unroll a banner of
thin aluminum metal foil about 12 inches wide by 55 inches long and orient one
side of it toward the Sun. The foil trapped the ions of rare gases emitted from
the Sun. It was brought back to Earth in a Teflon bag, cleaned ultrasonically, and
melted in an ultrahigh vacuum, releasing the gases that were then analyzed in a
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mass spectrometer.'’ The results provided insights into the dynamics of the solar
wind, the origin of the solar system, and the history of planetary atmospheres.

Johannes Geiss, a leading Swiss scientist, was responsible for this experi-
ment. The payload was manufactured at Geiss’s University of Bern and was
paid for by the Swiss National Science Foundation.! What is more, apart from
Armstrong’s contingency collection of lunar samples immediately on emerging
from the Lunar Module, this was the first experiment deployed by the astronauts.
Indeed, to ensure that the foil was exposed to the Sun for as long as possible,
it was even deployed before Armstrong and Aldrin planted the American flag in
the lunar surface and spoke to the President. Scientific need trumped political
and ideological statement. NASA’s commitment to international cooperation
could not be expressed by having the flags of many countries, or perhaps just
the flag of the United Nations, left on the Moon. Congress decided that this
was an American project and that the astronauts would plant the U.S. flag.'?

”»

Instead, NASA’s international agenda fused seamlessly with the “universalism
of science to create a niche for flying an experiment built by a university group
in a small, neutral European country.

It is striking that even though the Solar Wind Experiment is routinely
mentioned in writings on the Apollo 11 mission, the European source of the
experiment is not."”® This is partly because of the iron grip that human space-

10. “Experiment Operations During Apollo EVAs. Experiment: Solar Wind Composition,” available at http://
ares.jsc.nasa.gov/humanexplore/exploration/exlibrary/docs/apollocat/part1/swe.htm (accessed 31
August 2008).

11. Thomas A. Sullivan, Catalog of Apollo Experiment Operations (Washington, DC: NASA Reference
Publication 1317, 1994), pp. 113-116. Geiss’s team also measured the amounts of rare gases
trapped in lunar rocks: P. Eberhart, J. Geiss, et al., “Trapped Solar Wind Noble Gases, Exposure Age and
K/Ar Age in Apollo 11 Lunar Fine Material” (Proceedings of the Apollo 11 Lunar Science Conference,
vol. 2, ed. A. A. Levinson, Houston, TX, 5-8 January 1970). See also Chemical and Isotopic Analysis, pp.
1037-1070.

12. Hansen, First Man, p. 395.

13. This is true of scholarly works like Hansen’s First Man, chap. 29; accounts specifically concerned
with lunar science, like William David Compton’s Where No Man Has Gone Before: A History of Apollo
Lunar Exploration Missions (Washington, DC: NASA SP-4214, 1989); autobiographical accounts like
Aldrin’s Return to Earth, chap. 8; and semipopular works like Leon Wagener’s One Giant Leap: Neil
Armstrong’s Stellar American Journey (New York, NY: Forge Books, 2004), chap. 14. None of these
sources mentions that the Swiss experiment was deployed before the American flag was unfurled.
One has to burrow deep into the official records to extract these data (see Experiment Operations
During Apollo EVAs). | only did so because | was alerted to the existence of Geiss’s experiment by
Peter Creola, Swiss and European statesman and space enthusiast: see Peter Creola, interview by
John Krige, Bern, Switzerland, 25 May 2007, NASA Historical Reference Collection, NASA History
Division, NASA Headquarters, Washington, DC. For Creola’s own role in space, see anon., Peter
Creola: Advocate of Space (Noordwijk, Netherlands: ESA SP-1265/E, 2002).
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flight has on the imagination, a mindset constructed by enthusiasts whose
shrill voices and skillful marketing have capitalized on the frontier myth that
is deeply ingrained in America’s sense of itself and its destiny, so playing down
alternative, less glamorous visions of spaceflight using benign technologies.'
It is the challenges faced by the astronauts as they conquer new domains,
not the scientific content of the Apollo missions, that resonate culturally, that
entertain and inspire, that showcase American technological success and
project American power abroad.

The European contribution to Apollo 11 is also ignored because so much
space history in the United States—as everywhere—is nationalistic and celebra-
tory, a symptom of the high value placed on technological achievement as a
marker of national prowess. There is no doubt that NASA’s achievements are
extraordinary and that they dwarf the efforts of other spacefaring nations. To
date, these have only been able to match the American space program in select
domains (the Soviets in some aspects of human spaceflight, the Europeans
with their civilian launchers and dynamic science program, the French with
the Satellite Pour I’Observation de la Terre [SPOT] series of Earth observa-
tion/reconnaissance satellites, and so on). But even if the United States is the
undisputed leader in space science and technology, it should not be forgotten
that “leadership” is relative and that the preeminence it expresses is assessed
in relation to what others are doing. Those competitors and collaborators
help define the terrain on which key social actors strive to maintain American
leadership, not to say dominance, of space. The extraordinary national feats
repeatedly celebrated by America-centric space history do not only serve
domestic imperatives; they also help the United States situate itself vis-a-vis
other space powers, and they lay the groundwork and create the capacity for
it to try to shape what others do in line with American objectives and inter-
ests. The international dimension is thus not peripheral to NASA’s mission to
maintain America’s leadership in space: it is intrinsic to it.

International Collaboration in the 1958 Space Act
The National Aeronautics and Space Act of 1958 was signed into law by
President Eisenhower on 29 July 1958.% It distinguished between civilian

14. | owe this point to Howard E. McCurdy, Space and the American Imagination (Washington, DC:
Smithsonian Institution Press, 1997).

15. The Act is available at hitp.//www.hq.nasa.gov/office/pao/History/spaceact. html (accessed 27 January
2005).
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and defense-oriented aspects of aeronautical and space activities and called
for the establishment of a new agency to provide for the former in parallel
to DOD and, although this was not specified in the Act, to the CIA and later
to a highly secret covert agency, the National Reconnaissance Office (NRO),
established in September 1961.1° The primary mission of the resulting NASA
that formally came into being on 1 October 1958 reflected the dynamics of
superpower rivalry and the struggle for leadership with the Soviet Union
that had propelled it into existence in the wake of the Sputnik shocks
the year before. In particular, the Space Act called on the new agency to
ensure “the role of the United States as a leader in aeronautical and space
science and technology and in the application thereof to the conduct of
peaceful activities within and outside the atmosphere” (Sec. 2 (¢) 5). In the
fiery political rhetoric of the day, this stress on leadership escalated into a
demand for domination. In January 1958, Senate Majority Leader Lyndon
Johnson claimed that “Control of space means control of the world, far more
certainly, far more totally than any control that has ever or could ever be
achieved by weapons, or troops of occupation. Whoever gains that ultimate
position gains control, total control, over the earth, for purposes of tyranny
or for the service of freedom.” John F. Kennedy picked up the refrain in his
presidential campaign: “Control of space will be decided in the next decade.
If the Soviets control space they can control earth, as in past centuries the
nation that controlled the seas dominated the continents . . . . We cannot
run second in this vital race.”!” NASA’s core mission was thus to preserve
American leadership in the mastery of space science and technology, to
dominate the new frontier that was outer space so as “to insure peace and
freedom” as Kennedy put it.

Other countries, above all from the free world, were to be enrolled in
this endeavor. To this end, the Space Act included among NASA’s missions
“Cooperation by the United States with other nations and groups of nations . . .”
(Sec. 2 (¢) 7). This objective was developed in a short, separate section headed
“International Cooperation.” Here it was specified that “The Administration,
under the foreign policy guidance of the President, may engage in a program
of international cooperation in work done pursuant to the Act, and in the

16. Gerald Haines, “The National Reconnaissance Office. Its Origins, Creation and Early Years,” in Eye in
the Sky: The Story of the Corona Spy Satellites, ed. Dwayne A. Day, John M. Logsdon, and Brian Latell
(Washington, DC: Smithsonian Institution Press, 1998), pp. 143—156.

17. Both quoted by McCurdy, Spaceflight, pp. 75—76.
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peaceful application of the results thereof, pursuant to agreements made by the
President with the advice and consent of the Senate” (Sec. 205). International
collaboration thus went hand in hand with foreign policy: NASA was to be an
arm of American diplomacy.

Eisenhower stressed from the outset that this clause was not intended to
engage presidential authority for all bilateral or multilateral programs under-
taken by NASA. Its aim, rather, was to allow for the rare occasions when coop-
eration engaged such important questions of foreign policy that it had to be
underpinned by international treaties. The Final Report of the Senate Special
Committee on Space and Aeronautics, dated 11 March 1959, confirmed this
interpretation.'® As a result, as Arnold Frutkin put it, the pace of the coopera-
tive program “was to be faster and its procedures far simpler than would have
otherwise been the case.” In particular, “NASA’s international program was
thus immediately distinguished from that of the Atomic Energy Commission
which, under its legislation, was required to obtain approval of its international
efforts from Congress.”'® The Space Act thus gave NASA considerable latitude
to engage in international collaboration as its officers saw fit and to handle
the diplomatic dimensions of its policies and practices informally through
interagency consultation, above all with the State Department.

The Emphasis on “Peaceful Use”
A commitment to the “peaceful use” of outer space was essential to the suc-
cessful exploitation of space for civilian scientific and applications programs
on both a national and international collaborative level. As Eilene Galloway,
who was involved in drafting the Space Act, has put it, the emphasis on peace-
ful use was intended to preserve space “as a dependable orderly place for
beneficial pursuits.”* It was driven by two main concerns.

First, there was the fear that space would become a military battlefield or
provide platforms from which lethal weapons could be launched at targets on

18. On the IGY, see Rip Bulkeley, The Sputniks Crisis and Early United States Space Policy (Bloomington,
IN: Indiana University Press, 1991); Fae L. Kosmo, “The Genesis of the International Geophysical Year,”
Physics Today (July 2007): 38—43; and Allan Needell, Science, Cold War and the American State: Lloyd V.
Berkner and the Balance of Professional ldeals (Chur, Switzerland: Harwood Academic Publishers, 2000).

19. Arnold W. Frutkin, International Cooperation in Space (Englewood Cliffs, NJ: Prentice Hall, 1965), p. 31.

20. Eilene Galloway, “Organizing the United States Government for Outer Space, 1957-1958,” in
Reconsidering Sputnik: Forty Years Since the Soviet Satellite, ed. Roger Launius, John M. Logsdon,
and Robert W. Smith (Amsterdam, Netherlands: Harwood Academic Publishers, 2000), pp. 309-325.
See also “The Woman Who Helped Create NASA,” available at http.//www.nasa.gov/topics/history/
galloway_space_act.html (accessed 20 September 2008).
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Earth. Such bellicose scenarios were widespread in the late 1940s and 1950s.%!
Indeed, Wernher von Braun, the most charismatic and persuasive booster of
human spaceflight at the time, went so far as to propose the construction of a
multipurpose crewed space station that would serve equally as a platform for
further exploration, as a reconnaissance tool, and as a base for firing atomic
weapons at hostile nations.?? The thought that the Soviets might also have
such ambitions, and indeed might be ahead of the United States in developing
space weapons, galvanized stakeholders in space affairs in the United States
to advocate peaceful use as a way to “prevent war and ensure peace in this
pristine environment,” as Galloway puts it.”> The call for peaceful use thus
served both to project a positive image of the United States and to defuse the
threat of Soviet space supremacy.

The second major reason was to protect the freedom for satellites to fly
over foreign territory. It is well known that national security, and certainly not
a space race with the Soviets, was the main driver of Eisenhower’s space policy.
He was not against the use of space for science and for robotic exploration,
but what he wanted above all was to exploit satellite technology to penetrate
behind the wall of secrecy that surrounded the Soviet military buildup. The
administration’s interest in launching a scientific satellite during the IGY was
intended to clear the way for this technological development. The ideology
of international scientific collaboration was instrumentalized to establish, by
setting a precedent, the principle of the freedom of space, i.e., the right of any
space power or organization to send a satellite over the territory of another
country without being accused of violating national sovereignty.**

Spurred on by these concerns, the United States moved rapidly to set
up an international regime forbidding the militarization of space. Lyndon

21. McCurdy, Spaceflight. Major General Bernard Schriever, who played a major role in developing an ICBM
for the Air Force, speaking to space enthusiasts in San Diego, CA, in February 1957, remarked that
“several decades from now the important battles may not be sea battles or air battles, but space battles,
and we should be spending a certain fraction of our national resources to insure that we do not lag
in obtaining space supremacy.” Quoted by Dwayne A. Day, “Cover Stories and Hidden Agendas: Early
American Space and National Security Policy,” in Reconsidering Sputnik, ed. Launius, Logsdon, and
Smith, pp. 161-195.

22. Michael J. Neufeld, “*Space Superiority’: Wernher von Braun’s Campaign for a Nuclear-Armed Space
Station, 1946-1956," Space Policy 22 (February 2006): 52—62.

23. Galloway, “Organizing,” p. 322.

24. Walter A. McDougall, . . . The Heavens and the Earth: A Political Economy of the Space Age (New
York, NY: Basic Books, 1985). See also the collection of articles in Launius, Logsdon, and Smith, ed.
Reconsidering Sputnik, notably the contribution by Dwayne Day, and the special edition of Quest 14, no.
4 (2007).
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Johnson was invited by President Eisenhower to address the United Nations
in November 1958, where he made a stirring plea against unilateral “penetra-
tion into space.” “Today outer space is free,” Johnson said. “It is unscarred
by conflict. No nation holds a concession there. It must remain this way.”
Johnson went on to stress the “orderly course of full cooperation,” which,
he said, was the only way to avoid “adding a new dimension to warfare”
and to “make the substantial contribution yet . .. toward perfecting peace.”®
In the face of considerable Soviet hostility and suspicion, the United States
took the lead in establishing an ad hoc Committee on the Peaceful Uses
of Outer Space (COPUOS) that became a regular committee of the United
Nations General Assembly in December 1959.%° This body provided the
politico-legal framework in which Washington, DC, sought both to permit
the ongoing use of satellites for reconnaissance and to outlaw the use of
antisatellite weapons. It faced an uphill struggle.”” The Soviets were stung
by the intelligence-gathering capacity of the U-2 spy planes and by the
increased potential of satellites to penetrate their closely guarded military
secrets. In June 1962, they formally objected to the use of satellites for
reconnaissance. They finally dropped their objections in September 1963.
Paul Stares explains the timing of this change of attitude as due to three
factors: the now-routine use by the Soviets of their Kosmos series of sat-
ellites for intelligence gathering, progress with test ban negotiations (in
which satellite overflight was a crucial means to verify compliance), and
the prospect of successfully banning nuclear and other weapons of mass
destruction from space altogether.”® Indeed, all parties to the negotiations
realized what many scientists had been saying all along: that space platforms
were no better and considerably worse than Earth-based ballistic missiles for
delivering nuclear weapons to terrestrial targets. Recognizing that “neither
side could gain a military advantage by placing nuclear weapons in space
[the two superpowers] signed a treaty not to do so” in 1967.%

25. Galloway, “Organizing,” p. 319.

26. Andrew G. Haley, Space Law and Government (New York, NY: Appleton-Century-Crofts, 1963), pp.
313-328.

27. See, for example, Homer E. Newell, Beyond the Atmosphere: Early Years of Space Science (Washington,
DC: NASA SP-4211,1975), chap. 18.

28. Paul B. Stares, The Militarization of Space: U.S. Policy, 1945—1984 (Ithaca, NY: Cornell University Press,
1985), p. 71.

29. McCurdy, Spaceflight, p. 68.
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No clear definition of “peaceful use” was laid down by COPUOS, nor has
one been established since. This is because of the immense importance of
military space programs and, above all, the role that intelligence and recon-
naissance satellites have played since the dawn of the Space Age. As one
scholar notes, from the late 1950s, “the legal position of the United States
with respect to the meaning of the phrase ‘peaceful uses’ became crystal-
lized along lines quite dissimilar to the original rhetoric. The term ‘peaceful’
in relation to outer space activities was interpreted by the United States to
mean ‘non-aggressive’ rather than ‘non-military.”” In international law, this
entails that all military uses are permitted and lawful as long as they do not
engage the threat or the use of force.*® No state has formally protested the
United States’ interpretation of peaceful use (or at least had not by 1990). This
interpretation has been essential to the preservation of both international
stability and the national security of the space powers.*' It is now a central
plank of the military’s expanding reliance on space for technological support
in the global war on terror.

The treaty on the peaceful uses of outer space was drawn up simulta-
neously with the Antarctic Treaty and has a close resemblance to it.>* By
coincidence, a key preparatory meeting, which spawned the Antarctic Treaty,
took place in Washington, DC, just three days after the launch of Sputnik. It
was convened by Paul C. Daniels of the Department of State and attended
by representatives from Britain, Australia, and New Zealand, all of whom
had a national stake in the region. The abiding fear among those present
was that the Soviet Union would place missile bases in the frozen waste.
Daniel’s idea was to exploit the IGY to override claims to national sover-
eignty and instrumentalize scientific cooperation to demilitarize the region.
Article I of the ensuing treaty, signed on 1 December 1959, declared that

30. IvanA.Viasic, “The Legal Aspects of Peaceful and Non-Peaceful Uses of Outer Space,” in Peaceful and
Non-Peaceful Uses of Space: Problems of Definition for the Prevention of an Arms Race, ed. Bhupendra
Jasani (New York, NY: Taylor and Francis, 1991), pp. 37-55. This is the definition of “non-aggressive’
as stipulated in Article 2(4) of the United Nations Charter.

31. John Lewis Gaddis, The Long Peace: Inquiries into the History of the Cold War (New York, NY: Oxford
University Press, 1987), chap. 7.

32. This paragraph owes much to Simone Turchetti, Simon Naylor, Katrina Dean, and Martin Siegert,
“On Thick Ice: Scientific Internationalism and Antarctic Affairs, 1957—-1980,” History and Technology
24, no. 4 (December 2008): 351-376. See also Jacob D. Hamblin, “Masters of Landscapes and
Seascapes. Scientists at the Strategic Poles During the International Geophysical Year,” in Extremes:
Oceanography’s Adventures at the Poles, ed. Keith R. Benson and Helen M. Rozwadowski (Sagamore
Beach, MA: Science History Publications, 2007).
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Antarctica was to be used for peaceful uses only; it explicitly prohibited any
military activity in the area, including the testing of any kind of weapons.*
The Treaty respected “previously asserted rights of or claims to sovereignty
in Antarctica” (Art. IV.1) but still insisted on the “freedom of scientific inves-
tigation in Antarctica and cooperation toward that end” (Art. 11.1).>* Harlan
Cleveland, Assistant Secretary of State for International Affairs, claimed that
this was the best the United States could hope for and indeed better than
making a claim to sovereign territory; such a claim was irrelevant, and indeed
restricting, given the techno-scientific power of the United States. As he put
it in 1965, “For the United States, as the nation with the greatest capability
to mount and support scientific investigations in Antarctica, this Treaty was
clearly better than limiting ourselves to one slice of a much-divided pie. As
things stand, we are at liberty to investigate anywhere, build anywhere, fly
anywhere, traverse anywhere in this vast still mysterious south land.”®* The
same logic informed the Space Act’s insistence on restricting space to peaceful
uses. Claims to national sovereignty were eclipsed by the demand that space
be open to all for nonaggressive activities, from science to applications—like
telecommunications and meteorology—to intelligence gathering. By avoiding
any unambiguous definition of peaceful use, and by roundly rejecting early
Soviet demands in COPUOS that reconnaissance satellites be banned from
outer space, the United States preserved the possibilities for international
collaboration in civilian space projects without impeding the exploitation
of space for national defense.

The Scope of International Collaboration

The scope of NASA’s international collaboration is truly vast. In 1970, when
many countries only had embryonic programs of their own, Arnold Frutkin
reported that NASA had already collaborated with scientists in 70 different
countries and established 225 interagency or executive agreements with 35
countries.? Addressing a congressional subcommittee in 1981, Ken Pedersen
remarked that NASA had over 1,000 agreements with 100 countries and that
its international programs had resulted in more than $2 billion of economic

33. Vlasic, “The Legal Aspects,” p. 43.

34. The Treaty is reproduced in Haley, Space Law, appendix I-A.

35. Turchetti et al., “On Thick Ice,” 359-360.

36. Arnold Frutkin, “International Collaboration in Space,” Science 169, no. 3943 (24 July 1970): 333—-339.
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benefits for the country.’” In 2005, Roger Launius remarked that NASA had
concluded over 2,000 cooperative agreements with other nations for a
multitude of various international space activities.’® In sum, the number of
international agreements entered into by NASA ran at an average of 20 per
year during its first decade, exploded to a total 1,000 by the end of its second
decade, and then doubled again over the next 20 to 25 years. Looking just
at scientific collaboration with Europe, we find that it has increased rapidly
in recent times. Launius reported that there had been 139 cooperative sci-
ence agreements with European nations between 1962 and 1997. Twenty
years earlier, John Logsdon counted just 33 projects between 1958 and 1983,
suggesting an increase by a factor of four or five in the last decades of the
20th century.®

Numbers alone cannot capture this vast enterprise. Table 1 surveys the
range of international activities that NASA was engaged in for the first 26
years of its existence. These include infrastructural components like track-
ing and data acquisition and launch provision. They cover collaboration in
science using balloons, sounding rockets and satellites, and applications in
areas like remote sensing, communications, and meteorology. In addition,
NASA sponsored a huge education and training program through fellow-
ships, research associateships, and the hosting of foreign visitors. There is
no doubt that the Agency has played a fundamental role in encouraging and
strengthening the exploration and exploitation of space throughout the world,
or at least among friendly nations. NASA has helped many countries kick-
start their space programs and has enriched them once they had found their
own feet. More than that, it has helped give thousands of people in over 100
nations some stake in space, some sense of contributing, albeit in perhaps
a small way, to the challenges, opportunities, excitement, and dangers that
the conquest of space inspires.

37. Kenneth S. Pedersen, Statement to Subcommittee on Science, Technology and Space; Committee on
Commerce, Science and Transportation, United States Senate, 97th Congress, 31 March 1981, Record
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décembre 2005 (Paris, France: IFHE Publications, in press), pp. 45—63.
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Table 1. Cumulative Statistical Summary Through 1 January 1984

COOPERATIVE ARRANGEMENTS
Cooperative Spacecraft Projects 8 38
Experiments on NASA Missions

Experiments with Foreign Principal Investigators 14 73
U.S. Experiments with Foreign Co-investigators or Team Members i 56
U.S. Experiments on Foreign Spacecraft 3 14

Cooperative Sounding Rocket Projects 22 1,774

Joint Development Projects 5 9

Cooperative Ground-Based Projects
Remote Sensing 53 163
Communication Satellite 51° 19
Meteorological Satellite 44¢ 11
Geodynamics 43 20
Space Plasma 38 10
Atmospheric Study 14 11
Support of Manned Space Flights 21 2
Solar System Exploration 8 10
Solar Terrestrial and Astrophysics 25 11

Cooperative Balloons and Airborne Projects

Balloon Flights 9 14
Airborne Observations 12 17
International Solar Energy Projects 24 9

Cooperative Aeronautical Projects 5 40
U.S./USSR Coordinated Space Projects 1
U.S./China Space Projects 1

Scientific and Technical Information Exchanges 70 3

REIMBURSABLE LAUNCHINGS

Launchings of non-U.S. Spacecraft 15 95

Foreign Launchings of NASA Spacecraft 1 4

TRACKING AND DATA ACQUISITION

NASA Overseas Tracking Stations/Facilities | 20 | 48

40. Anon., 26 Years of NASA International Programs (Washington, DC: NASA, n.d.), p. 3. Thanks to Dick
Barnes for providing me with a copy of this booklet.
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NASA Funded Smithsonian Astrophysical Observatory (SAQ) Optical and Laser 16 21
Tracking Facilities

REIMBURSABLE TRACKING ARRANGEMENTS

Support Provided by NASA 5 48
Support Received by NASA 3 12
PERSONNEL EXCHANGES

Resident Research Associateships 43 1,417
International Fellowships 358
Technical Training 5 985
Foreign Visitors 131 85,177

A: Number of Countries/International Organizations

B: Number of Projects/Investigations/Actions Completed or in Progress as of 1 January 1984

@ Number of Actual Launches

®United States Agency for International Development Sponsored International Applications Demonstration
¢ Automatic Picture Transmission Stations

The Institutional Dimension

NASA’s collaborative effort was originally located institutionally in the Office
of International Programs. The first Director, Henry E. Billingsley, was quickly
replaced by Arnold W. Frutkin in September 1959. Frutkin joined NASA from
the National Academy of Sciences. There, he had been the deputy director of
the U.S. National Committee for the IGY and had also served as an adviser to
the Academy’s delegate to the first and second meetings of the International
Committee on Space Research (COSPAR). It was at the second COSPAR meeting
in March 1959 that the United States representative, Richard Porter, announced
that NASA would be willing to fly single experiments from foreign countries
as part of larger payloads on American satellites, as well as to launch complete
payloads prepared by other countries. This initiative played a major role in
stimulating space research with satellites all over the world.

Frutkin’s career at NASA, which lasted 20 years, was crowned with many
national and international awards. His many notable achievements included
the meteorological and Earth resources satellite data reception networks; the
advanced technology satellite regional broadcast experiments, including a highly
successful educational program in India; the joint U.S.-Soviet Apollo-Soyuz
mission; and the Spacelab agreement signed with the European Space Agency

41. Newell, Beyond the Atmosphere, chap. 9. The text of the offer is reproduced in H. Massey and M. O.
Robins, History of British Space Science (Cambridge, U.K.: Cambridge University Press, 1986), Annex 4.
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(ESA). Frutkin also served regularly on United States delegations to the United
Nations and other international bodies. In short, in the formative years of the
space programs, both in the United States and abroad, Frutkin was, as his official
biography put it, “personally responsible for an extraordinary successful series
of major international space endeavors contributing equally to the nation’s
foreign policy objectives and to the advancement of human knowledge” as
well as to the “prestige the United States space program enjoys today around
the world.”# In 1978, NASA Administrator Robert Frosch appointed Frutkin
Deputy Associate Administrator, then Associate Administrator for External
Relations. There, he was responsible for the development of external policy
with the public, the international community, universities, and local and state
governments, as well as DOD and other federal agencies. The post was not
to his liking, and Frutkin left government service shortly thereafter in June
1979.% Frutkin’s activities were taken over by Kenneth Pedersen, Director of the
International Affairs Division of the Office of External Relations. Pedersen had
been an assistant professor of political science at San Diego State University
from 1968 to 1971, before taking on various policy analysis activities in the
federal government. Prior to moving to NASA, he had worked for the Nuclear
Regulatory Commission that had replaced the AEC in 1975. Pedersen was the
director of the Office of Policy Evaluation that dealt with all aspects of nuclear
regulation. He also worked closely with the International Atomic Energy Agency
in Vienna, Austria.

Frutkin laid down the basic principles that guided NASA’s international
collaborative projects for two decades in which the United States was the
leading space power in the free world. Pedersen frequently remarked that
he was dealing with a different geopolitical situation in which the United
States’ historical rival for space superiority, the Soviet Union, was showing
a greater willingness to open out to international partners and in which the
space programs in other regions and countries, notably Western Europe and
Japan, had matured significantly. The new, neoliberal philosophy of President
Reagan also laid greater stress on rolling back the state’s engagement in
the provision of space technology (notably launchers); private industry

42. NASA Release No. 59-210, 3 September 1959; NASA Key Personnel Change, 1 June 1979, Record
No. 726, folder 11.2.1, Frutkin, Arnold W., NASA Historical Reference Collection, NASA History Division,
NASA Headquarters, Washington, DC.

43. NASA Key Personnel Change, 1 June 1979.
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was encouraged to exploit the economic potential of space. Pedersen’s
programmatic statements stressed the need for NASA to accept these new
realities and to adjust its attitudes to collaboration to reflect the fact that its
budgets were limited and that it was no longer “the only game in town.” In
September 1985, Pedersen was named Deputy Associate Administrator for
External Relations and was elevated to Associate Administrator three years
later in November 1988.%

Richard Barnes replaced Ken Pedersen as Director of International Affairs
in 1985.% Barnes had been with NASA since 1961 after serving with the AEC’s
Division of International Affairs and being affiliated with the Atomic Industrial
Forum. Barnes was Frutkin’s right-hand man during the 1960s and 1970s, before
moving on to become NASA’s European Representative. He was based at the
American Embassy in Paris in the early 1980s, a period and a personality fondly
remembered by many Europeans who had dealings with him.

During his term of office, Pedersen had taken a year’s sabbatical at Georgetown
University. In August 1990, Margaret “Peggy” Finarelli took over his duties when
he moved definitively into academia; she was elevated to Pedersen’s post of
Associate Administrator for External Relations in January 1991. Finarelli joined
NASA in 1981 after serving in various government agencies including the White
House Office of Science and Technology Policy; she also served as a technical
adviser at the Arms Control and Disarmament Agency. She was NASA’s chief
negotiator for the international agreements with Canada, Europe, and Japan
regarding cooperation in the Space Station Freedom program.’

In October 1991, NASA Administrator Richard Truly reorganized NASA’s
external relations. He created a new Office of Policy Coordination and
International Relations at Headquarters to enable NASA, as he put it, “to
respond effectively to the growing international and interagency policy
aspects of America’s civil space and aeronautics activities.”* It had four divi-

44. For one example of this policy and its exaggerated hopes, see John Krige, “The Commercial Challenge
to Arianespace. The TCI Affair,” Space Policy 15, no. 2 (May 1999): 87-94.

45. Special Announcement, 1 February 1979; Release 88-160, 21 November 1988, Record No. 1669,
folder Pedersen, Kenneth S., NASA Historical Reference Collection, NASA History Division, NASA
Headquarters, Washington, DC.

46. Release 85-132, 20 September 1985, Record No. 000137, folder Barnes, Richard J. H., NASA
Historical Reference Collection, NASA History Division, NASA Headquarters, Washington, DC.
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sions. The International Relations Division was led by Peter G. Smith. Smith
joined NASA in 1979 as China Desk Officer after a distinguished career in
the State Department. His division was institutionally situated alongside the
Policy Coordination Division, the Defense Affairs Division, and the Office
of National Service. Finarelli was appointed Associate Administrator of the
umbrella office. John D. Schumacher, who had joined NASA in 1989 from a
New York law firm, was appointed her deputy. In 1995 NASA Administrator
Daniel Goldin appointed Schumacher to the post of Associate Administrator
for the Office of External Relations, citing his extensive managerial experi-
ence and talent to head an office that was dedicated to “international policy
formulation, coordination and implementation.”*

Three points emerge from this brief survey of the organization of international
relations inside NASA from the late 1950s to the early 1990s. First, only Frutkin
was directly involved in space matters before he joined NASA, notably through
his important role in the National Academy of Sciences and the IGY. Second, the
officers appointed to these posts had gained extensive international experience
though immersion in nuclear matters, either through the civil nuclear energy
program (Barnes, Pedersen) or through arms control (Finarelli). Finally, we see
a marked shift in profile, beginning with Pedersen, toward people with formal
experience in policy formulation and legal affairs. This change is reflected in
NASA Administrator Truly’s reorganization in the early 1990s, which elevated
Finarelli and Schumacher to senior positions in a new office at Headquarters
and which placed Smith at the head of the International Relations Division. It
is confirmed with the subsequent promotion of Schumacher to head the Office
of External Relations. As NASA and its international relations and obligations
expanded, as the programs grew in size and in complexity, and as national
security agendas promoted the use of antisatellite weapons in space (along
with increasing fears of technology transfer), the rather autonomous approach
that had marked Frutkin’s 20 years in office inevitably yielded to a more formal
mechanism for managing the Agency’s relations with its domestic and interna-
tional partners, from policy formulation to implementation.

Frutkin’s Guidelines for International Collaboration

There were two original stimuli for international collaboration; both of them
were referred to in the episode described at the start of this article, and they

49. News release 95-102, 26 June 1995, Record No. 2955, folder Schumacher, John D., NASA Historical
Reference Collection, NASA History Division, NASA Headquarters, Washington, DC.
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are illustrated in table 1. Firstly, there was the wish, inspired by major interna-
tional initiatives like the IGY and the exploration of Antarctica, and coherent
with an abiding thread in American foreign policy, to engage other countries
(especially friendly and neutral countries) in an exciting new scientific and
technological adventure where they could benefit from American leadership
and largesse.*® Secondly, there was the practical need for a worldwide track-
ing and data-handling network to monitor and intervene in NASA’s multiple
space missions from planetary probes to human exploration. Sunny Tsiao has
recently covered the latter dimension in depth.>! Here I will concentrate on
the scientific and technological aspects of international collaboration in sci-
entific and applications satellites and in human spaceflight from the creation
of NASA up to the late 1990s.

In 1965, Arnold Frutkin published an important book spelling out the
philosophy that he thought should underpin international cooperation in
space.> It insisted on the need for “A program founded on conservative values,
though not necessarily conservative in scope and objectives . . . .”>> This view
was deeply embedded in Frutkin’s thinking. It was probably inspired by the
emphasis (in the congressional committee hearings that led to the creation of
NASA) that international collaboration in space could transform the tense and
confrontational international political climate of the day into one of peace-
ful coexistence. As Don Kash pointed out 40 years ago, this sentiment led
Frutkin to stress the differences between the reality of NASA’s programs and
the broad hopes expressed in Congress and by three Presidents that interna-
tional space collaboration would create a new political reality.> Insisting that
space collaboration could not upset the political status quo, Frutkin advised
the State Department in February 1959 that “Political commitments regarding
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51. Tsiao, “Read You Loud and Clear!” For a review, see NASA News and Notes 25, no. 3 (August 2008):
1-5. The system comprised four tracking programs: Minitrack, a north-south network through the
Western Hemisphere for scientific satellites; the Deep Space Network; the manned spaceflight ground
stations; and the Baker-Nunn tracking stations for a Smithsonian astrophysics program. For an account
of the last, see Teasel Muir-Harmony, “Tracking Diplomacy: The IGY and American Scientific and
Technical Exchange with East Asia, 1955-1973,” in Making Science Global: Reconsidering the Social
and Intellectual Implications of the International Polar and Geophysical Years (proceedings), chap. 16.
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U.S. performance or accomplishment in international space matters should be
made with the very greatest caution and conservatism.”>>

This is why one of Frutkin’s chief concerns in the early 1960s was to
puncture the bubble of enthusiasm and misguided optimism surrounding the
achievements of the IGY. This huge enterprise, which combined the efforts of
as many 60,000 scientists and technicians from about 66 nations in a study of
Earth and the upper atmosphere, was rapidly assuming the stature of a myth;
its significance was amplified by exaggerated claims made for the possibilities
of international scientific cooperation as an instrument to bring governments
together. Frutkin deplored both tendencies. The IGY, he noted, was not a uni-
fied and integrated program of cooperation between governments. It was a
collection of national programs independently working toward purely scientific
objectives that were loosely coordinated by a nongovernmental mechanism.
Yes, the IGY had built “scientific bridges across political chasms,” “but the
bridges had no effect on the chasms; these remained and no traffic other than
scientific passed between them.” As for scientists, his experience had taught
him that they were “demonstrably subject to normal, human limitations and
nationalist constraints,” just like everyone else. Notwithstanding their rhetoric,
they had no privileged ability to overcome national rivalry. They cooperated
across borders because in some disciplines, including those connected with
space, worldwide collaboration was essential if knowledge was to progress.
Science was also of “critical value for cooperation because of the critical dan-
gers with which it is associated,” typically in the atom and in space, but also
in a field like meteorology, where international collaboration was stimulated
by the prospect of weather modification. In short, Frutkin was emphatic that
in defining policy, one had to discard “sentiment and tenuous history” that
misrepresented and exaggerated the possibilities for bringing about closer
collaboration between peoples through international space cooperation.>

The one-sided emphasis on scientific cooperation as an innovative instru-
ment to reduce global tensions masked the political competition that was
intrinsic to the conquest of space. Essential space technologies, wrote Frutkin,
“—rockets, radio, guidance, stabilization—were all common to both the military

55. These sentiments are expressed in a NASA and National Academy of Sciences “Advisory Paper for the
Department of State on International Cooperation in Space Activities,” dated 12 February 1959, p. 12.
It was sent by Hugh Odishaw to Homer Newell, and it was intended to guide United States policy in
the United Nations. An annotated footnote suggests that Frutkin actually wrote it. | am grateful to John
Logsdon for providing me with a copy of this document.

56. Frutkin, International Cooperation, p. 19 on the IGY, p. 15 on scientific cooperation.
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and to science.” Even the scientific results of space research, from a better
understanding of the weather to a more precise knowledge of Earth’s shape
and its magnetic field, straddled the civilian/military divide. Space achieve-
ments were also exploited for propaganda purposes in the context of the Cold
War, being used to win the battle for people’s admiration and allegiance in the
politically uncommitted parts of the world.”” In short, space exploration was
necessarily politicized and suffused with national security concerns that were
broadly conceived. Quoting NASA Administrator James Webb, Frutkin remarked
that space, like Janus, looked in two directions: one emphasizing international
cooperation and the other emphasizing international competition.’® Frutkin did
not deny that any international project would have political implications and
that these “should serve the political interests of the United States.” However,
he was convinced that to avoid criticism, “political objectives are best served by
solid accomplishment which may then be exploited politically after the fact.”>

In his book published in 1965, Frutkin identified a number of criteria for
a successful international collaborative project. Twenty years later, they were
presented more or less unchanged as the basic guidelines for NASA’s relation-
ship with its partners.®® In this summary form, they read:

* Designation by each participating government of a government agency

for the negotiation and supervision of joint efforts.

e Conduct of projects and activities having scientific validity and mutual

interest.

e Agreement upon specific projects rather than generalized programs.

* Acceptance of financial responsibility by each participating agency for

its own contributions to joint projects.

* Provision for the widest and most practicable dissemination of the

results of cooperative projects.

This list requires some elaboration.

The first requirement was that NASA have just one interlocutor to deal with
in the partner country, an interlocutor that had official authority to engage the
human, financial, and industrial resources in the collaborative project. Frutkin
was aware that at the dawn of the Space Age, many individuals, pressure groups,

57. Ibid., p. 5.

58. Ibid., p. 8.

59. NASA and National Academy of Sciences “Advisory Paper,” p. 1, emphasis in the original.

60. In the introduction to 26 Years of NASA International Programs, signed by the International Affairs
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and government departments would be jockeying for control of the civilian
space program, as they had in the United States. He wanted NASA to avoid
becoming enrolled in these domestic conflicts or, indeed, unwittingly being
used to promote the interests of one party over the other, hence his refusal to
negotiate with anyone but a single official representative. This policy, coupled
with NASA’s offer to fly foreign payloads in March 1959, not only stimulated the
creation of space programs in foreign countries; it forced the national authori-
ties to designate one body as responsible for international collaboration and,
in some cases, led to the rapid establishment of a national or regional space
agency. Whereas Frutkin originally left the door open for collaborating with
“a central, civilian, and government sponsored, if not governmental authority,”
by 1986 space agencies were so widespread internationally that NASA could
simply designate them as its preferred partners.®!

The second criterion was obviously meant to make scientific exploration,
not political exploitation, the core of any collaborative space program. This
was consistent with Frutkin’s determination to distinguish the technical from
the political and make the former the driving force of the effort. At the same
time, he was sensitive to the asymmetry in space capability between NASA and
any potential partner in the 1960s, the Soviet Union excepted. He did not want
the United States to use its advantage to dictate what others did, both so as to
encourage local communities to formulate their own programs and to avoid
later charges that the United States had “dominated” the space activities of its
partners. Hence his demand that each country “poll its scientific community for
relevant ideas” and, in consultation with NASA, “develop full-fledged proposals
for cooperative experiments having a character of their own.”®

This concern also informed the criterion that all agreements should be on
a project-by-project basis. An open-ended engagement to collaborate could
lead to NASA’s commiitting itself to costly projects that were of no interest to
United States investigators. By evaluating each proposal on a case-by-case
basis, it could be assessed for its novelty and compatibility with the general
thrust of the American space effort, so contributing to the knowledge base of
both partners. Also for that reason, both would be willing to invest resources
in their part of the project without seeking help from the other. This clause,
summarized by the slogan “no exchange of funds,” was a cornerstone of

61. Frutkin, International Cooperation, p. 34.
62. Ioid., p. 35.

129



NASA’s First 50 Years

NASA policy and a touchstone for the willingness of its partners to take space
collaboration seriously and invest their (often scarce) resources in a project.

The demand for full disclosure in the fifth and last criterion listed above
flows from this. It was also meant to ensure that the joint program did not
touch directly on matters of national security at home or in the foreign country.
Frutkin, as we have seen, was well aware of the tight interconnection between
the civil and the military in space matters. The requirement that the results
of any joint effort be disseminated as widely as was practicable was at once
a gesture to this commingling and an attempt to carve out a space for the
civil alongside the military. The concept of peaceful use, as I stressed earlier,
helped define the limits of the civil domain because it restricted the military
to the aggressive. These definitions permitted the collaborative exploitation of
scientific data on, say, the effect of electric densities in the ionosphere on the
propagation of radio waves, a topic of considerable interest to scientists, but
also to commercial and government bodies, including the military.®

When Frutkin first formulated his programmatic ideals, he focused almost
entirely on space science. This was because most nations could not dream of
engaging in major joint technological projects with the United States at the
time. The exception was the Soviet Union. Indeed, in a famous speech to the
United Nations on 20 September 1963, President Kennedy suggested that there
was “room for new cooperation, for further joint efforts in the regulation and
exploration of space,” adding that “I include among these possibilities a joint
expedition to the Moon.” Kennedy died before he was able to explore these
proposals further, but the obstacles posed by technological exchange to any
joint lunar venture were obvious to astute observers. As one editorial noted,
the United States was too far ahead in design and engineering to have any
interest in developing hardware with the Soviet Union. Collaboration would
also undermine national security and deaden the competitive drive between,
and national support for, the rival programs. It also required levels of trust
between the partners that simply did not exist.* This is not to say that no col-
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Vengeance: How the Military Created U.S. Space Sciences After World War Il (New York, NY: Springer-
Verlag, 1993).

64. “ALunar Proposal,” Missiles and Rockets (14 October 1963): 52. See Frutkin, International Collaboration,
pp. 116-117.
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laboration took place between the United States and the Soviet Union in the
1960s; it happened in meteorology, for example.® However, as Frutkin stressed,
in dealing with the Soviets, the cooperation was “arms length, in which each
side carries out independently its portion of an arrangement without entering
into the other’s planning, design, production, operations and analysis.”*®® Put
succinctly, the maintenance of “clean technological and managerial interfaces,”
along with the demand that there be “no exchange of funds,” limited the threat

to American technological leadership and national security inherent in the

transfer of knowledge required by technological collaboration.

The criteria developed by Frutkin necessarily limited NASA’s partners to
those that posed no serious security risk and who were willing to make a seri-
ous commitment to space. It is not surprising, therefore, that of 38 international
cooperative spacecraft projects undertaken or agreed on between 1958 and
1983, 33 were with Western Europe. Of a total of 73 experiments with foreign
Principal Investigators, 52 were with this region. Canada, Japan, and the Soviet
Union, along with several developing countries, made up the balance.” This was
quite unlike a program like Atoms for Peace, which proliferated research and
some power reactors throughout the developed and developing world in the
late 1950s and was driven by foreign policy and commercial concerns that had
little regard for indigenous capability. This difference was deliberate: Frutkin
was emphatic that space collaboration should never become a form of foreign
aid, and he effectively restricted the scope of NASA’s activities to industrialized
or rapidly industrializing countries with a strong science and engineering base.

This also explains the insistence that collaborative experiments should be of
“mutual interest” (second criterion above). How could a foreign experiment that had
“a character of its own” be of some value to NASA and to American investigators?
For Frutkin, it had to dovetail with the broad interests of the American program,
if only to justify the expenditure of United States dollars. Thus, each coopera-
tive project had to be “a constructive element of the total space program of the
United States space agency, approved by the appropriate program officials and
justifying the expenditure of funds for the US portion of the joint undertaking.”*®
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Logsdon has put together some of the “constructive” contributions that
international collaboration, notably with Western Europe, made between 1958
and 1983, not only to the United States space effort as such, but also to the
American economy and to the pursuit of American foreign policy. His find-
ings are summarized in table 2. This table not only shows the concrete ways
in which foreign experiments were to be of “mutual interest” scientifically; it
also draws attention to the economic and political benefits of space collabo-
ration, including channeling foreign resources down avenues that would not
undermine American scientific and technological leadership; creating markets;
projecting a positive image of the United States abroad; and promoting foreign
policy agendas, including the postwar integration of Europe.

Table 2. Benefits of NASA’s international programs, adapted from Logsdon.®
SCIENTIFIC/TECHNICAL BENEFITS
Attracts brainpower to work on challenging research problems.

Shapes foreign programs to be compatible with the U.S. effort by encouraging others to “do it our way.”

Limits foreign funds for space activities that are competitive or less compatible with the space interests
of the United States.

Obtains outstanding experiments from non-U.S. investigators.

Obtains coordinated or simultaneous observations from multiple investigators.

Opens doors for U.S. scientists to participate in foreign programs.
ECONOMIC BENEFITS
Has contributed over $2 billion in cost savings and contributions to NASA's space effort.

Improves the balance of trade by creating new markets for U.S. aerospace products.
POLITICAL BENEFITS

Creates a positive image of the United States in the struggle for the minds of the scientific, technical,
and official elite.

Encourages European unity by working with multinational institutions.

Reinforces the image of U.S. openness in contrast to the secrecy of the Soviet space program.

Uses space technology as a tool of diplomacy to serve broader foreign policy objectives.

These putative benefits were not always welcomed by those actually
engaged in the practicalities of international collaboration. American scientists
and engineers, flush with the enormous success of their own program, feared
that their partners were less capable than they and might not fulfill their

69. Ibid., 13.
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commitments. They balked at the additional layers of managerial complexity
and the assumed added cost of international projects. As resources for NASA’s
space science program shrunk in the 1970s, they sometimes resented the pres-
ence of foreign payloads on NASA satellites, suspecting that they had been
chosen less because of merit than because they were free to the Agency. And
they noted that by encouraging foreign powers to develop space capabilities,
NASA was undermining the American leadership in high-technology industry:
it was producing its own competitors.”® International collaboration was not
uncontested at home, particularly as NASA’s partners gained in maturity and
were competitors as much as collaborators.

The weight of the several factors (scientific and technical/economic/political)
that were brought into play in the first two decades of international collaboration
varied depending on circumstances. A scientific experiment built with a foreign
Principal Investigator and paid for by a national research council—like Geiss’s
Solar Wind Experiment on Apollo 11—raised few, if any, broader economic or
political issues. Complex and expensive projects calling for major technological
developments and managerial inputs were at the other end of the spectrum.

The 1975 Apollo-Soyuz Test Project (ASTP) is the best-known example of
this. Often reduced to simply a “handshake in space,” it involved docking an
American Apollo and a Soviet Soyuz spacecraft with each other in orbit 120
miles above Earth. During the two days in which the hatch between Apollo
and Soyuz was open, three American astronauts and two Soviet cosmonauts
exchanged pleasantries and gifts and conducted a few scientific experiments
together. This was above all a political statement, a concrete manifestation of
the new climate of détente with the Soviet Union being pursued by President
Nixon and his National Security Adviser and Secretary of State, Henry Kissinger.”*

Political concerns also provided a trigger for two other major projects in
the 1960s and 1970s. One was Helios, the $100 million venture to send two
probes built in (West) Germany and weighing over 200 kilograms each to
within 45 million kilometers of the Sun.”? Helios was the most ambitious joint
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project agreed to in the 1960s between NASA and a foreign partner. It was
the result of an invitation for space collaboration made by President Lyndon
Johnson to Chancellor Ludwig Erhard during a state banquet at the White
House in December 1965. For Erhard, a major civil space project was one way
of reducing German obligations to buy military equipment from the United
States, as required by the offset agreements between the two countries. For
Johnson, it was a gesture of support for America’s most faithful ally in Europe
at a time when the Vietnam War was increasingly unpopular and the French
were increasingly hostile to the North Atlantic Treaty Organization (NATO). Of
course, once the official offer had been made, these political concerns receded
into the background (and Erhard was soon punished in domestic elections for
being too “pro-American”). Scientific and technical success, however, should
not be decoupled from the political will that created the essential window of
opportunity for scientists, engineers, and industry to embark on such an ambi-
tious project so early in Germany’s postwar space history with NASA’s help.
The same can be said of the Satellite Instructional Television Experiment
(SITE), another impressive international project that was agreed to with the
Indian authorities in 1970. In this experiment, an advanced application sat-
ellite (ATS-6) was first placed into geosynchronous orbit to perform some
experiments for various U.S. agencies before being shifted further east.” From
its new position, it could broadcast television programs to village receivers
directly or via relay stations provided by the Indian authorities. For India, the
satellite was a marvelous way of bringing educational television, produced
locally and dealing with local needs like family planning, into otherwise inac-
cessible rural areas (programs were broadcast in eight languages directly to
small receivers in over 2,000 villages), while giving an important popular boost
to the indigenous space program. For the United States, it served a variety of
political and economic needs. It sealed a bond with an ally deemed unreliable
and promoted the modernization of India as an alternative model to China
for developing countries. It was part of a broader strategy to channel Indian
resources down the path of civilian technologies. And, by withdrawing the
satellite from service after a year, NASA successfully encouraged the Indian
government to buy additional models from United States businesses. The SITE,

73. For the NASA perspective, see Frutkin, “International Cooperation.” For the broader foreign policy
dimensions, see Ashok Maharaj, “Regaining Indian Prestige: The Chinese Nuclear Test, NASA and
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while being of undoubted benefit to various constituencies in India, also served
multiple geopolitical needs for the United States in the region.

In all of three of the cases just described, while political (and economic)
motives were part of the broader context inspiring the collaborations in
question, they were essentially left behind or bracketed during the scientific
and technical definition of the projects and their implementation. Once the
programs got under way, the fundamental maxims of clean interfaces and no
exchanges of funds dominated development. Perhaps the Soviets learned a
good deal about how the United States managed large-scale space programs
through the ASTP. However, as far as hardware is concerned, Marcia Smith
remarked in 1984 that “it [was] difficult to point to a single example of new
space technology being used by the Soviets that might have come from their
experience with ASTP (except for the remodeling of the Soviet mission-control
center to resemble the one at NASA’s Johnson Space Center).””* Indeed, the
flow of technology facilitated by cooperation of this nature should not be
exaggerated: one NASA Task Force insisted in 1987 that “the major paths for
Soviet acquisition of US and Western technology are espionage, evasion of
export controls, and access to open literature.””

Similarly, there was no significant technology transfer in the Helios project.
NASA provided two launch vehicles, some experiments, and the use of its deep
space network. Germany designed, manufactured, and integrated the two space
spacecraft, provided 7 of the 10 experiments, and operated and controlled the
two satellites from a center on domestic soil. Once again, there was doubtless
a transfer of managerial expertise in the joint working group that, as in all
NASA cooperative projects, was involved in the technical implementation of
Helios. However, it focused primarily on payload-spacecraft and spacecraft-
booster interfaces, so it was not engaged in the industrial development of core
hardware on either side of the Atlantic.”® Finally, in the SITE, the United States
provided the space segment (for very little cost to NASA), while India provided
the ground segment.”” I quoted Frutkin earlier as stressing that if there was
political advantage to be gained from international cooperation, it should be
exploited after the fact. This was possible in these cases because, by enforcing

74. Smith, “America’s International Space Activities,” 19.

75. Hermann Pollack, “International Relations in Space. A U.S. View,” Space Policy 4, no. 1 (February 1988):
28.

76. Frutkin, “International Cooperation in Space,” 336.

77. Ibid., 333-334.

135



NASA’s First 50 Years

his criteria for collaboration, NASA could draw a more or less sharp distinction
between the technical and the political that mapped onto various phases of
the joint ventures. The balance between the two shifted dramatically as one
moved from initiation, through technical implementation, and on to operation.

There was a notable exception to this: the major initiative, inspired by
NASA Administrator Tom Paine, to engage Europe at the technological core
of the post-Apollo program between 1969 and 1973.7® In a nutshell, with
NASA’s budget shrinking dramatically after the “golden years” of the Apollo
lunar missions, Paine hoped to get Europe to contribute as much 10 percent
(or $1 billion) of an ambitious program that initially included a space sta-
tion and a shuttle to service it. Foreign participation would also help win
the support of a reluctant Congress and President for NASA’s plans. And it
would undermine those who insisted that Europe needed independent access
to space— Europeans were told that they were wasting valuable resources
by developing their own expendable launcher to compete with a reusable
shuttle that, it was claimed, would reduce the cost per kilogram into orbit by
as much as a factor of 10. For several years, joint working groups invested
hundreds of hours discussing a variety of projects. Some, like having European
industry build parts of the orbiter wing, threw clean interfaces to the winds.
Others, like the suggestion that Europe build a space tug to transfer pay-
loads from the shuttle’s low-Earth orbit to a geosynchronous orbit, a project
of interest to the Air Force, touched directly on matters of national security.
The entire process was reconfigured soon after President Nixon authorized
the development of the Space Shuttle in January 1972. Clean interfaces and
no exchange of funds imposed their own logic on the discussion (and were
reinforced by anxieties about European capabilities to fulfill commitments
and by fears that NASA was becoming entangled in unwieldy and costly
joint management schemes). The European “contribution” was reevaluated,
and Germany decided to take the lead in building Spacelab, a shirtsleeve
scientific laboratory that fitted into the Shuttle’s cargo bay and that satisfied
all the standard criteria of international collaboration. So too did Canada’s
construction of the Remote Manipulator System (RMS), a robotic arm that
grabbed satellites in space or lifted them from the Shuttle’s payload bay prior
to deployment. Once built, both Spacelab and the RMS were handed over
entirely to NASA to operate.

78. For a summary, see Logsdon, “U.S.-European Cooperation.”
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The debates around technological collaboration in the post-Apollo pro-
gram threw into relief the limits to international cooperation in space. For the
Europeans, it provided the opportunity to share cutting-edge technologies and
access to desperately needed project management sKkills, though at the risk of
not acquiring independent access to space. While many in the United States
were happy to see Europeans abandon their plans for a powerful expendable
launcher, they were concerned about the threat that intimate technological
exchange posed to American preeminence and national security. For NASA,
the question was whether the financial and domestic political benefits—as
well as the enthusiasm of some sectors of U.S. industry to participate in joint
ventures with leading British and European aerospace firms—were worth the
risks. The decision-making process was complicated by NASA’s difficulty in
fixing a technical content to the post-Apollo program that would win congres-
sional and presidential support, by Europe’s hesitations, and by the multiplicity
of stakeholders involved: NASA (of course), but also the State Department,
DOD, and the aerospace industry, just to mention the most prominent in the
United States. In the event, Germany’s decision to build Spacelab (and France’s
to build the Ariane launcher) reaffirmed and consolidated the criteria of clean
interfaces and no exchange of funds. In a single movement, all the anxieties
that had accompanied technological transfer from the world’s leading space
power in a sensitive sector were dispensed with—though not without consid-
erable European resentment.

The willingness to share technology in the post-Apollo program (and also
in support of the European Launcher Development Organization in the mid-
1960s) was part of a general sentiment in Washington, DC, that something had
to be done to close the technological gap that had opened up between the
two sides of the Atlantic at the time. Space technology was seen as a crucial
sector for closing this gap.” Technological sharing would undermine European
criticisms of American dominance in high-tech areas while helping to build a
European aerospace industry that could eventually serve as a reliable partner
sharing costs in civil and military areas: Europe would assume some of the
burden for its own defense. Japan also benefited from technological sharing
in the domain of rocketry (and, like Europe, was offered a stake in the post-
Apollo program, which it declined). The State Department (in the person of

79. See John Krige, “Technology, Foreign Policy and International Cooperation in Space,” in Critical Issues
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U. Alexis Johnson) allowed U.S. firms to transfer rocket technology to Japan
in an intergovernmental agreement signed in 1969 and updated in 1976 and
1979. As Japan was forbidden to develop technologies with military potential,
the performance of the subsequent N-series of rockets was deliberately con-
strained and no state-of-the-art technologies were transferred to Tokyo. In
addition, the Japanese authorities were not permitted to provide launches for
third parties without the explicit approval of the United States government.®
There was a transfer of technology, but it was under a tight regime that enforced
Japan’s restricted international status as a technological power and ensured
that NASA’s monopoly on access to space in the non-Communist world was
not yet seriously challenged.

The Changing Context in the 1980s
The context of international cooperation changed importantly in the 1980s.
In essence, the technological gap between NASA and its traditional partners
began to close in a variety of space sectors. At the same time, the Soviet Union
began to open its closed and secretive program to international collaboration.
The effective monopoly that NASA had enjoyed for two decades was over,
and so was the willingness by foreign partners to accept Washington, DC’s
constraints on collaboration that they needed to secure access to the most
dynamic, technologically advanced, and open space program on the globe.
Launchers were at the cutting edge of this transformation. On Christmas
Eve 1979, the ESA successfully tested its first Ariane rocket. After overcoming
the normal teething troubles, Ariane soon proved to be a spectacular success.
Helped on by the lower than expected launch rate of the U.S. Space Shuttle,
Arianespace (the company that commercialized Ariane) had acquired about 50
percent of the commercial market for satellites by the end 1985. A second major
new player entered the field of rocketry in the late 1980s. Japan developed its
H-series to replace the N-series built under American tutelage. H-I was tested
in 1987. The H-2, scheduled for launch early in the 1990s, was able to reach
geostationary orbit. It was, the Japanese argued, derived entirely from technol-
ogy developed at home and so not subject to the restrictions that NASA had
placed on the N-I, N-II, and H-I series, notably as regards providing launches
for third parties. China’s Long March 3 placed a satellite in geostationary orbit
in April 1984; the authorities immediately announced that they were keen to
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find clients abroad. Finally, the Soviet Union was showing a greater willingness
to open its previously closed and secretive launcher system for commercial
use and was even seeking a contract to launch a satellite for the International
Maritime Satellite Organization (INMARSAT), something that had been simply
inconceivable several years before. As Ken Pedersen stressed, “It was, after
all, America’s launch hegemony that was the foundation of its traditional pre-
eminence in cooperative enterprises.”® That hegemony, along with the oppor-
tunities it gave the United States to dictate the terms of collaboration and to
dominate the global exploitation of satellites, was now crumbling.

Launch technology was not the only area where American leadership was
being challenged. Advanced communications satellites and remote sensing
satellites with technologies more sophisticated than those available in the
United States civil sector were being built in Europe, Japan, and Canada. The
French had taken the lead in commercializing images from SPOT, an Earth
remote sensing satellite that technologically outstripped the earlier NASA
Landsat system, then bogged down in negotiations over privatization. Australia
and a number of rapidly industrializing countries—Brazil, China, India—had
constructed solid national space programs; and many third world countries,
along with the Soviet Union (in a reversal of its historic policy), were clamor-
ing for a greater say in international bodies like Intelsat, which governs the
global satellite telecommunications system. In space science as well, America
was becoming just one partner among others. In March 1986, an armada of
spacecraft surveyed Halley’s Comet on its regular 75- to 76-year sweep though
the inner solar system. Giotto was the first satellite sent by the ESA into deep
space, and it came within about 600 kilometers of Halley’s nucleus. Other
spacecraft were supplied by the Soviet Union (Vega I and Vega II) and by
Japan (Suisei and Sagikake). The mission was conceived as a joint NASA/ESA
venture, and although NASA cooperated by providing support through its Deep
Space Tracking Network and a number of American scientists were involved
in foreign experiments, the U.S. agency did not have a spacecraft of its own in
the fleet. Summing up the situation, a special task force of the NASA Advisory
Council reported in November 1987 “that there is in process an accelerating
equalization of competence in launching capability, satellite manufacturing
and management for communications, remote sensing and scientific activity,
and in the prospective use of space for commercial purposes.”® For Pedersen,

81. Pedersen, “The Changing Face,” 124.
82. Pollack, “International Relations,” 24.
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this meant that NASA had to learn to operate in a pluralistic world in which
its historic dominance was diluted along with the flexibility and freedom of

e

action it had long enjoyed. “For NASA today,” he wrote in 1986, “‘power’ is
much more likely to mean the power to persuade than the power to prescribe.”®?

The end of the Cold War forced yet another reassessment of NASA’s role.
The rigidity that had marked 40 years of United States and Soviet rivalry, along
with the framework for collaboration that it had defined, had now collapsed.
The space program “lost an enemy.” The political and military rationales for
collaboration with Western allies—and the subordination of economic con-
siderations to geostrategic concerns during the Cold War—would come back
to haunt the United States: the technological gap was no more, and previous
allies were now economic competitors. Most dramatically, President Reagan,
the father of both the International Space Station Freedom and of a defensive
shield in space popularly known as “Star Wars,” suggested “recapitalizing” the
former Soviet Commonwealth of Independent States (CIS) republics through
large-scale purchases of space hardware and systems. Subsequently, “the Bush
administration, in a sharp reversal of prior practice, ... announced that it will
henceforth review license applications to export dual-use technology to the
CIS countries with a ‘presumption of approval’.” % The hallowed principles of
no exchange of funds and clean interfaces to restrict technology transfer were
being overturned. Efforts were made to retain the infrastructure and institutional
memory of the major Soviet space programs in Russia and later the Ukraine,
though technology transfer was restricted through the Missile Technology
Control Regime. As a report for the Office of Technology Assessment pointed
out in 1995, Russian industrialists involved in the ISS would be obliged to
abide by Western nonproliferation rules, e.g., by not selling sensitive booster
technology to unreliable partners.® Scientists and engineers were given strong
incentives to ally themselves with United States and Western-style reforms in
an effort to stem “the flow of indigenous high-risk technologies and expertise
from those locations [the CIS states] to outside destinations, principally Third
World Nations.”®

83. Pedersen, “The Changing Face,” 130. See also Johnson-Freese, Changing Patterns, chap. 9, and Smith,
“America’s International Space Activities.”

84. Kenneth S. Pedersen, “Thoughts on International Space Cooperation and Interests in the Post-Cold War
World,” Space Policy 8, no. 3 (1992): 208.

85. U.S. Congress, Office of Technology Assessment, U.S.-Russian Cooperation in Space, OTA-ISS-618
(Washington, DC: GPO, April 1995), p. 81. | thank Angel Long for bringing this report to my attention.

86. Pedersen, “Thoughts on International Space Cooperation,” 216.
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This change in context had palpable effects on the evolution of the plans
for the ISS. NASA had already shown a new flexibility in defining this huge
technological venture with representatives of the ESA, Canada, and Japan even
before the President authorized the scheme in 1984; in recognition of the
technological maturity of its partners and the absolute necessity to have them
share the cost, NASA’s “coordination in the early planning phases indicated
a consideration of foreign partner interests and objectives unprecedented in
space cooperation hitherto” (my emphases).®” With the inclusion of Russia in the
venture beginning in 1993, there was an increased move to multilateralization
and interdependence. NASA and American industry could benefit directly by
collaborating closely with a partner that had extensive experience in human
spaceflight. It was reported in 1995 that United States firms and their coun-
terparts in Canada, Europe, and Japan had entered into Space Station-related
contracts and other agreements worth over $200 million. NASA had procured
about $650 million of material from Russian suppliers over four years.® Russia
became functionally integrated into the Station in 1998, providing critical path
infrastructure elements on what became a U.S.-Russia core. America’s traditional
partners in Europe, including Italy, as well as Canada and Japan also made
critical path contributions to the overall scheme. And in 1997, an agreement
was signed with Brazil for the “design, development, operation and use of
flight equipment and payloads for the international space station program.”®

Ken Pedersen summarized the shift in NASA’s policies precipitated by the
rapidly changing geopolitical context of the late 1980s, and that was expressed
in the collaborative arrangements for the ISS at a conference in Florence, Italy,
in 1993. Pedersen began by repeating the mantra that had shaped his approach
to international collaboration when he first replaced Frutkin: clean interfaces
to minimize technological leakage, no exchange of funds, independent man-
agement of projects, “which was really just a somewhat nice way of saying
that NASA would continue to stay in charge,” and that there was “no idea of
joint development of hardware. We would each do our own thing, with our

87. Eligar Sadeh, “Technical, Organizational and Political Dynamics of the International Space Station
Program,” Space Policy 20 (2004): 173. For the early history of the Station, see John M. Logsdon,
Together in Orbit: The Origins of International Participation in Space Station Freedom (Washington,
DC: Space Policy Institute, George Washington University, December 1991); Howard E. McCurdy, The
Space Station Decision: Incremental Politics and Technological Choice (Baltimore, MD: Johns Hopkins
University Press, 2007).

88. U.S.—Russian Cooperation in Space, p. 76.

89. Sadeh, “Technical, Organizational,” 184.
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own money, with our own technology and then bring it together.” This was
no longer the way to do business. As Pedersen put it:

If we build long term infrastructures in space with long periods
of operation, no exchange of funds is simply not going to
work. If we are to build truly global space stations, we have
to get used to the fact that each of us is going to be on each
other’s critical paths. We have to be prepared to share and
jointly develop infrastructure in a way in which we must all
depend on each other to get to the end of the road. We are
going to have to find ways of joint decision making in which
conclusions and decisions, as to both the development and
operation of joint projects are made in forums in which there
is genuine voting or genuine ways of expressing agreements
and disagreements and reaching resolution without one actor
necessarily imposing its will on another.”

Yet even as the physiognomy of collaboration in the Space Station was
being redrawn to respond to these new principles, there were other factors at
work that would undermine them, and limit their general applicability.

The 1990s and Beyond

In March 1983, President Reagan made his famous speech in which he labeled
the Soviet Union an “evil empire” and suggested intercepting and destroy-
ing ballistic missiles from space before they reached American shores. “Star
Wars,” as it became popularly known, was never fully implemented, but it
signaled a new emphasis on national security in space matters that generated
considerable friction between NASA and DOD. If relationships between the
two agencies previously had been relatively smooth and trouble-free, by 1987
they were “neither close nor working well.””! The Department of Defense
feared that NASA was “soft” on technology transfer and not attentive enough
to national security considerations, even with its close allies. Already in 1984,

90. Ken Pedersen, “International Cooperation: Past, Present and Future,” in The Implementation of the
ESA Convention: Lessons from the Past, ed. European Centre for Space Law, proceedings of the ESA
and European University Institute (EUI) International Colloguium, Florence, Italy, 25—26 October 1993
(Dordrecht, Netherlands: Martinus Nijhoff, 1994), p. 215.

91. Pollack, “International Relations,” 26.
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NASA Administrator James Beggs had warned his senior staff involved in the
Space Station program that they were to be careful to avoid “adverse technol-
ogy transfer” in international programs, notably where the Soviet Union was
involved, and expressed concern about “careless and unnecessary revelation
of sensitive technology to our free world competitors—sometimes to the seri-
ous detriment of this nation’s vital commercial competitive position.”** As if to
confirm the point, DOD intervened in Space Station negotiations with Europe,
Japan, and Canada in the mid-1980s, so undermining NASA’s authority as the
lead American negotiator. In short, as national security concerns (including
concerns about threats to American technological and economic leadership)
came to the fore in the 1980s, the fears of technological leakage threw an
increasingly long shadow over civil space cooperation.

As Beggs’s letter made clear, heightened concerns about technological
leakage were symptomatic of the economic strength of NASA’s partners, a
strength that made them both valuable partners and formidable competitors.
Economic concerns were now complemented by new military demands. As
satellite technology became more sophisticated, the military began to appre-
ciate the importance of space-based hardware as a “force multiplier,” i.e., its
capacity to enhance traditional military operations. Satellites began to be
used to improve the effectiveness of battlefield surveillance, tactical target-
ing, and communications.?”® These advantages, and not the fantasies of “Star
Wars,” were dramatically demonstrated in Operation Desert Storm, the United
Nations-sanctioned, United States-led assault on Iraqi forces that had occupied
Kuwait in 1991. NASA Administrator Dan Goldin’s 1993 Final Report to the
President on the U.S. Space Program stressed this dimension of the conflict.
“Control of space was essential to our ability to prosecute the war quickly,
successfully, and with a minimum loss of American lives.” Communications,
navigation, weather reporting, reconnaissance, surveillance, remote sensing,
and early warning—all these were mentioned by Goldin as essential to United
States victory.” The defense space budget climbed in line with demand. NASA’s
budget remained roughly unchanged in constant dollars between 1975 and
1984 (hovering between $8 and $9 billion 1986 dollars). The defense space

92. Quoted in Sadeh, “Technical, Organizational,” 174.

93. Stares, Militarization, pp. 242—243.

94. Final Report to the President on the U.S. Space Program, January 1993, submitted by NASA
Administrator Dan Goldin to President H. W. Bush, 7 January 1993, available at http.//history.NASA.
gov/33082.pt1.pdf (accessed 15 December 2008).
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budget came from behind to equal NASA’s around 1981. By 2000, they were
approximately the same at $12.5 to $13 billion current dollars. It was recently
reported that in fiscal year 2008, the Pentagon’s space program cost about $22
billion, almost a third more than NASA’s.”

The attacks on American soil on 11 September 2001 accelerated demands
for the protection of space as a key asset in America’s defensive arsenal. We
can get a sense of the outlines of the policy shift by comparing the lessons
drawn by the United States administration from the two wars in the Persian
Gulf. In 1993, Goldin suggested that the first engagement with Saddam Hussein
showed how important it was “to develop and maintain our ability fo deny the
use of space to our adversaries during a crisis in wartime” (my emphasis).” Ten
years later, Operation Desert Storm was followed by Operation Iraqi Freedom
and the global war on terror. Even greater emphasis was placed on the need
to secure space as an American military asset. In an unclassified summary of
what was almost certainly a National Security Presidential Directive (NSPD)
of 31 August 2000, it was stressed that “United States National Security [was]
critically dependent upon space capabilities, and this dependence will grow.”
The document emphasized that “Freedom of action in space is as important to
the United States as air power and sea power” and, while stressing that space
could be used by all nations for peaceful purposes, made a point of adding
that “‘peaceful purposes’ allow U.S. defense and intelligence-related activi-
ties in pursuit of national interests.”” This point was developed in one of the
most controversial clauses of the unclassified document that was released in
October 2006:

The United States considers space capabilities—including the
ground and space segments and supporting links—vital to its
national interests. Consistent with this policy, the United States
will preserve its rights, capabilities, and freedom of action in
space; dissuade or deter others from either impeding those
rights or developing capabilities intended to do so; take those

95. Demian McLean, “Obama Moves to Counter China with Pentagon-NASA Link,” htip.//www.bloomberg.
com, 2 January 2009, available at htip.//news.yahoo.com/s/bloomberg/20090102/pl_bloomberg/
aovrnoQOoj41g/print (accessed 4 January 2009).

96. Final Report to the President on the U.S. Space Program, January 1993, pp. 22, 31.

97. The declassified statement, which is presumably derived from NSPD 49, is available at http://www.fas.
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section 5, first paragraph, and section 1, second paragraph.
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actions necessary to protect its space capabilities; respond to
interference; and deny, if necessary, adversaries the use of space
capabilities bostile to U.S. national interests [my emphasis].”®

Many commentators have noted the continuity in United States space
policy from the Reagan years to the present and have insisted that the new
directive simply renders more explicit what was left vague and inconclusive
in previous policy statements, including those by President Clinton (i.e., there
is agreement across party lines on the broad direction of United States space
policy for the 21st century). At the same time, it is worth noting the difference
between my italicized phrase in Goldin’s report in 1993 and that in the August
2006 policy statement. The NASA Administrator suggested the need for denial
in times of wartime crisis. The new policy is far broader, and uses “national
interest” to justify a range of initiatives—dissuasion, deterrence, and denial—
to preserve America’s “rights, capabilities, and freedom of action in space.” It
is this all-encompassing demand that so worries America’s partners, all the
more so as it is coupled with a recent history of preemptive, unilateral actions
by an executive that has refused to be tied down by obstructive international
agreements—as reaffirmed in the August 2006 directive: “The United States will
oppose the development of new legal regimes or other restrictions that seek
to prohibit or limit U.S. access to or use of space.” In short, there is a funda-
mental contradiction in the making between NASA’s dependence on foreign
partners to pursue its international projects and the military’s dependence on
space technologies to protect national interests (and to secure civil society’s
dependence on space technology for the successful functioning of “ATMs,
personal navigation, package tracking, radio services, and cell phone use”).”

For the moment, it is not easy to get a clear picture of how far national
security concerns are subverting civilian space collaboration by crippling tech-
nological exchange. In a recent assessment of trends, Alain Dupas and John
Logsdon noted that President Bush had encouraged international collaboration,
but only when it “would support U.S. space exploration goals.” They went on
to suggest that it seemed that a “unilateral approach [was] emerging as the

98. NSPD 49, section 2, item 5.
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preferred U.S. path to shaping international participation.”'® In the 1960s,
United States dominance was ensured by virtue of the weakness of its partners
and its monopoly on access to space. Collaboration with its allies in the free
world was driven as much by generosity as by the exigencies of the Cold War.
In 2007, the United States once again seeks dominance, but now for political
and military reasons; increasing alienation, rather than grateful admiration, is
becoming the hallmark of its international relationships. The last word on this
matter will be left to the ESA’s Director of Science, David Southwood, who
in 2007 deplored the constraints on collaboration that resulted, in his view,
from the more or less indiscriminate application of International Traffic in
Arms Regulations (ITAR) to any and all space technology. As Southwood put
it, “It’s not ‘this is military space or not military’—anything to do with space
is a potential military technology, therefore arms, therefore falls under ITAR.”
He went on to tell me that “It looks to me as if ITAR is working against the
interests of the United States in that . . . . By trying to impose a hegemony,
which they can’t impose, they’re only encouraging others to build up alternative
routes to do it . . . . Those of us who want to cooperate with the United States
are frustrated by the level of regulation and nonsense we’re put through, and
indeed the problem we face of trying to explain to people that if we really are
cooperating we have to have an understanding of what something does in the
partner’s piece of equipment.”’* It remains to be seen if Southwood’s anger is
widely shared and if new presidential policies will remove some of the current
obstacles to international collaboration that he has identified.

Early in January 2009, it was announced that President-elect Barack Obama
would “probably tear down longstanding barriers between the U.S.s civilian and
military space programs to speed up a mission to the moon amid the prospect
of a new space race with China.” Pentagon funds could be used for the civilian
program in a period of recession. NASA’s new Ares I rocket could be scrapped
in favor of using an existing military booster. NASA-Pentagon cooperation is
also being encouraged to strengthen United States antisatellite technology in
the light of China’s recent investments in antisatellite warfare. Defense Secretary
Gates, who has been kept on by Obama, has recently remarked that these and
related Chinese initiatives “could threaten the United States’ primary means
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to project its power and help its allies in the Pacific: bases, air and sea assets,
and the networks that support them.”!%?

At the time of writing, these are merely proposals, and it is difficult to
know how much store to lay by them. Yet they are entirely consistent with
the general drift of United States space policy over the past 20 or 30 years, a
drift that is seeing an increasing militarization of space and a radical rethink-
ing of the relationship between the U.S. civilian and military space programs,
alongside the historic determination to use space to project United States
power abroad. This blurring of the civilian/military divide can eventually only
change the face of NASA and the role and limits of international collaboration
in the Agency’s mission.

Concluding Remarks

Looking back over NASA'’s first 50 years, it could be argued that while the
rationale for international collaboration has changed, there is an underlying
continuity in NASA’s ambitions. Those ambitions are driven by a quintessen-
tially American determination to lead in the conquest of space, a determina-
tion that has been given additional social and historical traction by defining
space as a new frontier to be explored and controlled. These themes appear
and reappear in presidential proclamations that characterize the conquest of
space as simply the next logical step in that outward dynamic push that is the
“manifest destiny” of the United States and intrinsic to American identity and
American exceptionalism.!® Thus when the Shuttle Columbia touched down
on 4 July 1982 signaling the start of a new era in space transport, President
Reagan found it fit to say:

The quest of new frontiers for the betterment of our homes
and our families is a crucial part of our national character . . . .
The pioneer spirit still flourishes in America. In the future,
as in the past, our freedom, independence and national

102. Robert M. Gates, “A Balanced Strategy: Reprogramming the Pentagon for a New Age,” Foreign
Affairs 88, no. 1 (January/February 2009): 28—41.

103. Jacques Blamont talks provocatively of the “The Wright brothers complex,” born with the flight of
the Kitty Hawk, the conviction that Americans have been chosen by God to be the motors of all scientific
and industrial progress in the modern world and that space is their privileged domain of conquest,
hence their incredulity at the Soviet firsts in space and the Soviet nuclear test in August 1949; see
Jacques Blamont, Venus devoillée (Paris, France: Odile Jacob, 1987), p. 245.
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wellbeing will be tied to new achievements, new discoveries,

and pushing back frontiers.'%

Similarly, President George H. W. Bush remarked that “Space is vitally
important to our nation’s future and . . . to the quality of life here on earth . . .
It offers a technological frontier, creating jobs for tomorrow . . . . Space is the
manifest destination of a new generation and a new century.”'”> America does
not choose to go into space and dominate it: it does so because that is its destiny.

Historians like Patricia Nelson Limerick have pointed out that the uncriti-
cal celebration of the frontier in remarks like these obscures the violence,
failures, corruption, and the near obliteration of Native Americans that were
part and parcel of the conquest of the West: hardly a congenial “mission model”
for NASA. She emphasizes too that much of the mythology surrounding that
conquest has been shown by historians to be downright wrong. No matter.
The appeal to the frontier and to “manifest destiny” functions in such contexts
not as an appeal to what we now know, but as a metaphor that “guides your
decisions—it makes some alternatives seem logical and necessary, while it
makes other alternatives nearly invisible.”' The alternative rendered “invis-
ible” here is a mode of international collaboration that dilutes United States
sovereignty in the interests of “genuine” collaboration; instead all cooperation
must necessarily be subordinate to the preservation of American leadership
and the promotion of American interests.

When NASA was first established and was reaching for the Moon, the meta-
phor of the frontier, and its tight coupling with American identity and America’s
role in the world, energized and justified the vast expenditure required for the
Apollo program. The associated assumptions of conquest and control did not
particularly bother the United States’ partners in the free world: their space
programs were too new and the need to work with NASA was too urgent for
them to see the Agency as anything other than benevolent and generous. Fifty
years later the metaphor lives on as the “logical and necessary” framework for
thinking about how America should conduct itself in space; its partners, now
mature, are finding that framework incompatible with “genuine” cooperation.

104. Cited by Patricia Nelson Limerick, “Imagined Frontiers: Westward Expansion and the Future of
the Space Program,” in Space Policy Alternatives, ed. Radford Byerly, Jr. (Boulder, CO: Westview Press,
1992), p. 251.
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To ask NASA to change its behavior is, however, to ask far more than that
new instruments be established to shape new patterns of collaborative action.
It is to ask NASA and the people, Congress, and Presidents who support it
(along with American industry, which is being encouraged to capitalize on the
economic and military possibilities of space) to decouple space activity from
a “manifest destiny” to global expansion and the domination of new frontiers.

NASA Administrator Michael Griffin made the point explicitly in his key-
note address opening the conference that celebrated NASA’s 50th anniversary.
“Societies which do not define, occupy and extend the frontier of human
action and scientific discovery will inevitably wither and die,” said Griffin.
That said, NASA’s most important contribution over the past half decade,
Griffin added, was not simply a series of spectacular space firsts and success-
ful scientific and technological achievements. What mattered was that NASA
was “the entity which captures what Americans believe are the quintessential
American qualities. Boldness, and the will to use it to press beyond today’s
limits. Leadership in great ventures”'”—with international partners willing to
dovetail their ambitions with NASA’s goals. To ask NASA to rethink its global
role and to move toward “genuine” interdependency with its space partners
as a matter of general policy is to ask the American stakeholders in space to

redefine what it means to be American.

107. Michael D. Griffin, “NASA at 50" (NASA's 50th anniversary conference, Washington, DC, 28
October 2008), chap. 1 of this volume.

149



THISPAGE INTENTIONALLY BLANK



Chapter 7

Fifty Years of NASA
and the Public

What NASA? What Publics?

Linda Billings

The history of the relationship between NASA and the public involves the
Agency’s approach to informing the public about its activities, public opinion
and public understanding about the United States civil space program and
efforts to foster public support for it, the evolution of “NASA” and “the public”
over time, and the role of political appointees in NASA’s public affairs opera-
tions, among other things.

This history has unfolded in the context of an evolving cultural envi-
ronment, shaped by the Cold War, the post-Cold War period, the state of
journalism, government-citizen relations, government-journalism relations,
and other factors. A half century of public opinion polling about the space
program, as well as media coverage of the space program, is a part of this
cultural history.

The subject of “50 years of NASA and the public” stretches over a huge
research space. The historical record of NASA’s relationship with the public
is immense, including official records and other archival materials, scholarly
research, popular literature, media content, and public opinion. In exploring
this research space, one must consider how best to go about interpreting the
historical record of the space program. What counts? What, or who, is credible?
What motivates official statements? What is missing from the record?!

1. The researcher can determine, for example, who has donated their records to the NASA History Office
or other archives. But the researcher cannot determine what is missing from these archives. The
question is: how do we know what we do not or cannot know?
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The analysis approaches the subject of “NASA and the public” from several
different perspectives. The history of NASA’s Public Affairs Office and operations
is reviewed, drawing primarily on official and other archival records. NASA’s
efforts to fulfill its statutory responsibility, articulated in the 1958 National
Aeronautics and Space Act, to effect the “widest practicable dissemination” of
information on NASA activities, are examined.

NASA'’s relationship with various “publics” is also examined: how NASA
has dealt with “the public” over its first 50 years and how “the public” has
responded to NASA and its programs. That public response encompasses public
opinion, public interest, public support, public protest, public ignorance, public
apathy, and the permeation of popular culture with images and ideas about
space exploration. These are all different aspects of NASA’s relationship with
“the public.” NASA “in” public is scrutinized: its public image, its public face,
and public perceptions of and interest in NASA. From a critical perspective,
the space program will also be considered as a cultural spectacle.

This review of “NASA and the public” is a mix of scholarly analysis and
personal history, or participant observation, in social scientific parlance. In
exploring the first 25 years of NASA and “the public,” the author draws primar-
ily on archival materials, focusing on the origins of the Agency and its public
relations apparatus. For the second 25 years, 1983 to the present, the author
draws on her own observations and experiences as a participant-observer? along
with primary and secondary sources. This review does not offer a panoramic,
“god’s eye” view of this history, as feminist scholar Donna Haraway® would
call it. It does offer what feminist scholars call “lived experience,” informed
by relevant theory and research.

The History of NASA’s Public Affairs Office and Operations

Even before NASA was created, U.S. engagement in space exploration was
shaped by official concerns about public image. U.S. activities in space were
intended to be seen an assertion of scientific and technological expertise,
political power, and global dominance. From its inception, NASA was part
of larger national political effort aimed at “winning hearts and minds” in a
bifurcated world of free and Communist nations. Early records of the NASA

2. The author has worked in the Washington, DC, aerospace community since 1983 as a journalist,
consultant, and researcher.

3. Donna J. Haraway, Simians, Cyborgs, and Women: The Reinvention of Nature (New York, NY: Routledge,
1991).
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Public Information Office (later renamed the Public Affairs Office) show that
NASA’s intent was to establish with “the public” that the United States had a
national space program, that NASA was in charge of it—not the Air Force or
the Navy or any other military group—and that this program served the pur-
pose of supporting national policy goals. The aim was to make it clear, to U.S.
citizens and people around the world, that NASA’s space program was open
while the Soviet space program was secret.

Early NASA information policy documents cited the Agency’s statutory
responsibility to “provide for the widest practicable and appropriate dis-
semination of information concerning its activities and the results thereof.”*
This policy, on paper and in practice, also aimed to control the flow of
information to the public, including the mass media. At the same time, the
media were invited in, by design, to help tell the story of U.S. leadership
and conquest in space.

In a memorandum to NASA Administrator T. Keith Glennan dated 9
September 1958, Walter T. Bonney, Assistant to the Executive Secretary of
the NACA and also in charge of public relations, noted that NASA, unlike
the NACA, was created to “be employed as an instrument of U.S. policy.”
NASA'’s objectives were to preserve space for peaceful purposes, promote
international cooperation in space, and advance United States leadership
in science and technology. To meet these objectives, NASA must master the
art of communication—“to use effectively the techniques of information
transmission,” said Bonney, who would soon become NASA’s first direc-
tor of public information. “The United States must wage peace not only by
what we do but by what we say,” he continued. “Our problem is not only to
explore outer space for peaceful rather than military purposes but to insure
that the world knows what we’re doing. We must use the truth to counter
the Communist lie.”®

4. National Aeronautics and Space Act of 1958, As Amended, P.L. 85-568, Sec. 203(a)(3).

5. Walter T. Bonney, memorandum to Administrator, “NASA Information Program,” 9 September 1958,
Office of Public Affairs Files, NASA Historical Reference Collection, NASA History Division, NASA
Headquarters, Washington, DC.

6. Ibid. Bonney, a former newspaper reporter and editorial executive, had served as the NACA's public
affairs chief since 1951, His goals at the NACA were to establish the group as an equal partner
with industry and generate “greater public recognition that the work of NACA represented one of
the taxpayers’ best investments . . . . The effort was to win and to keep the confidence of press
representatives.” See Ginger Rudeseal Carter, “Public Relations Enters the Space Age: Walter S. Bonney
and the Early Days of NASA PR,” Association of Educators in Journalism and Mass Communication,
Chicago, IL, 1997.
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Elaborating on NASA’s statutory responsibility to disseminate information,
Bonney said, “NASA must tell the truth, modestly, clearly, and with enough vigor
to be heard . . . . [A] positive information policy will provide at least partial
control of ‘the situation.”” The Agency must not even “permit the appearances
of engaging in . . . a competition with the Russians to see who can produce the
most spectacular space stunts.” At the same time, he said, Congress and “the pub-
lic” need to know “how much is being accomplished how rapidly by NASA . . ..
Here, as in all aspects of its information program, NASA needs to maintain a
nice sense of balance.” In a 22 January 1959 memo to Glennan, Bonney argued,
“There is a need to exercise control over the public statements made by NASA
staff.” He recommended adopting the policy he had established at the NACA: “No
information regarding NACA activities should be imparted to the press without
knowledge of, and approval by, Mr. Bonney.”® Glennan complied.

Bonney wrote to Glennan later that year, “So far as the world is concerned,
the nation which first succeeds in” putting a man into Earth orbit “will be cred-
ited with having demonstrated a measure of scientific superiority of enormous
and incalculable value . . . . Around the world,” he wrote, “we are fighting
for the minds of men.” At the same time, “The distinction between publicity
and public information must be kept constantly in mind,” he noted. “Publicity
to manipulate and ‘sell’ facts or images of a product, activity, viewpoint, or
personality to create a favorable public impression has no place” in NASA. A
few months later, Bonney reported to Glennan:

There is a need . . . for a sharpening of the public focus on the
picture of NASA and its activities, thus to assure awareness and
understanding that our leadership is hard-driving as well as
intelligent, that our staff is talented as well as dedicated, that

7. Bonney, “NASA Information Program.” Bonney did not specify in this memo what he meant by “the
situation.”

8. W. T. Bonney to T. K. Glennan, “Dissemination of Public Information,” 22 January 1959, Office of
Public Affairs Files, NASA Historical Reference Collection, NASA History Division, NASA Headquarters,
Washington, DC.

9. Walter T. Bonney, memorandum for the Administrator, “NASA Public Information Program,” 20 August
1959, Office of Public Affairs Files, NASA Historical Reference Collection, NASA History Division, NASA
Headquarters, Washington, DC. This “winning hearts and minds” approach was then, and still is, popular
in military and diplomatic circles. See, for example, Pavani Reddy, “Rapporteur’s Report: Winning Hearts
and Minds: Propaganda and Public Diplomacy in the Information Age” (presented at the Carnegie
Endowment for International Peace, Washington, DC, 27 November 2001), available at http://www.
carnegieendowment.org/events/index.cfm?fa=eventDetail&id=428, and Edward Bernays, Propaganda
(with an introduction by Mark Crispin Miller) (New York, NY: Ig Publishing, 2005).
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our planning is boldly imaginative as well as sensible, that
our prosecution of the job is vigorous and massive as well as
urgent . . . . NASA must show itself to be big enough, lusty
enough, and courageous enough to accomplish what must be

done in space . . . ."

Chris Clausen, JPL Public Affairs Officer, wrote to Bonney in 1959:

There is a distinct payoff to Russia if it can maintain the fiction
that Communism is superior to capitalism simply because Russia
can fire larger and heavier payloads than can the U.S. . . . [We
are] in this competition certainly not by its choice and generally
on terms dictated . . . by the Russians . . . . What we have to do
now . . . is stress [the] differences [between the Soviet and U.S.
space programs] over and over until everyone understands them."

The most important message for NASA to convey, Clausen wrote, is that
the Agency’s space program is open while the Soviet program is secret:

It can be shown that our policy of honesty and candor in
reporting our entire program . . . represents . . . one of the
basic differences between our philosophy and the Russian
doctrine. It is the difference between rubber stamp elections
and free elections . . . it is the difference between a civilization
that is sure and proud of its strength and a dictatorship whose
insecurity must be protected by secrecy.'?

Another important NASA message, Clausen continued, is that NASA’s space
program is “a national space program.” Getting across this message should mini-
mize “the amount of scrambling different services perform in order to grab public
credit for NASA programs. All of this points up the dreadfully difficult task one

10. Walter T. Bonney, memorandum to the Administrator, “OPI Staffing,” 24 November 1959. Office of
Public Affairs Files, NASA Historical Reference Collection, NASA History Division, NASA Headquarters,
Washington, DC.

11. Chris Clausen to Walter T. Bonney, n.d., Office of Public Affairs Files, NASA Historical Reference
Collection, NASA History Division, NASA Headquarters, Washington, DC. A note from Bonney dated 3
May 1973 and attached to the Clausen memo indicates it was written in early 1959,

12. Ibid.
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encounters when one tries to act in a democratic manner. A nice balance must
be struck between the attitudes of dictatorial inflexibility and foolish anarchy.*?

From the start, then, there was a tension between NASA’s democratic task
of informing the public and its political objective of controlling image and
message. Whether the Agency’s public affairs officials explicitly recognized
this tension is not clear.

By 1960, the Agency had codified the functions and authority of the Office
of Public Information in a NASA Management Instruction: disseminating public
information, advising NASA officials on “public information matters,” reviewing
public information “for content and policy adherence,” and preparing and dis-
tributing information for the media. At this point, the office already had a motion
picture section and an art and exhibits section. NASA was well along the way to
infusing popular culture with the spectacle of space exploration.

In January 1960, Bonney told Glennan that NASA public information efforts
should “avoid selling” the space program.'* A few months later, Bonney’s
deputy Joe Stein told the Administrator, “Never should the OPI staff, nor others
connected with NASA, attempt to pressure or ‘sell’ NASA information, nor to
play favorites among editors, reporters, writers, broadcasters or publications
anywhere.” Stein continued, “OPI seeks, not to tell other members of the staff
what they can and cannot say, but what is consistent with accuracy and policy,
and the effects achieved thereby . .. .5

In December 1960, Administrator Glennan asked Benjamin McKelway,
editor of the Washington Evening Star and president of the Associated Press,
and Russell Wiggins, editor of the Washington Post and Times Herald, for
advice on persuading the media to avoid building up public expectations in
advance of Mercury missions. Glennan told the editors that NASA’s goal was
“no undue limit on reporting of events but rather better informed and more
responsible interpretation.”' Wiggins told Glennan that NASA was not the first

13. Ibid. It is worth noting that in this memo, Clausen characterized the United States media as “an ex
officio part of the government” with a “valid right to poke its nose into government affairs.” The Agency
“recognizes and serves this right,” he asserted.

14, Walter T. Bonney to the Administrator, “NASA Office of Public Information,” 16 January 1960, Office of
Public Affairs Files, NASA Historical Reference Collection, NASA History Division, NASA Headquarters,
Washington, DC.

15. Joe Stein to the Administrator, “NASA Information Program,” 14 October 1960, Office of Public Affairs Files,
NASA Historical Reference Collection, NASA History Division, NASA Headquarters, Washington, DC.

16. Shelby Thompson to the Administrator, “Conference with Messrs. McKelway and Wiggins—12/8/60,”
14 December 1960, Office of Public Affairs Files, NASA Historical Reference Collection, NASA History
Division, NASA Headquarters, Washington, DC.
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organization “to find that in spite of its best efforts to make facts available,
they are not always reflected in print as might be desired.” The editors did
not share NASA’s view that “pre-launch use of [NASA] background informa-
tion” could raise public expectations and lead to “a letdown if the experiment
were postponed or fell short.” The editors suggested that NASA engage with
the National Association of Science Writers and other leaders in science news
about communicating guidelines to journalists on how to report on “the trial
and error nature of the Mercury experimental launches.”"”

Bonney left NASA at the end of 1960. In November 1961, NASA’s second
Administrator, James Webb, approved a reorganization under which the
Agency’s Office of Public Information and Office of Technical Information and
Educational Programs were merged into a new Public Affairs Office (PAO).
Hiden T. Cox was the first Assistant Administrator of the new PAO, serving
for six months.*In a 1962 memo to Administrator Webb, NASA official Jay
Holmes advised that while NASA enjoyed “extremely powerful public sup-
port” and “a favorable general public opinion . . . this does not pay off nearly
so well as an aggressive, sophisticated lobby.”* Holmes recommended that
Webb and other top NASA officials book speaking engagements “in greater
numbers than at present at industrial and technical meetings, around NASA
installations, and in states like California and Florida, where space activ-
ity is heavy.”?* While NASA focused on industry relations, it did not appear
to be as concerned about responding to public queries. A few illustrative
examples follow.

17. In a subsequent letter to National Association of Science Writers President Earl Ubell, Glennan solicited
help in improving “public understanding of the truly experimental nature of our work.” He also told Ubell
that NASA would be lifting its embargo on the use of prelaunch information, no longer prohibiting media
use of the information until after a launch. T. Keith Glennan to Earl Ubell, 23 December 1960, Office of
Public Affairs Files, NASA Historical Reference Collection, NASA History Division, NASA Headquarters,
Washington, DC.

18. Robert L. Rosholt, An Administrative History of NASA, 1958-1963 (Washington, DC: NASA Scientific
and Technical Information Division, 1966), p. 222.

19. Jay Holmes to Webb, “NASA’s Public Position,” 12 June 1962, Office of Public Affairs Files, NASA
Historical Reference Collection, NASA History Division, NASA Headquarters, Washington, DC.

20. Activity calendars maintained by the Office of Public Affairs through the 1960s indicate that this advice
was heeded. For example, the 1964 PAO calendar of events, marking NASA speeches, briefings,
exhibits, and conferences, includes appearances at museums and state fairs nationwide; scientific and
technical conferences; libraries and universities; Kiwanis Clubs; a “women’s study club” in Woodsville,
TX; and even a speech by NASA Administrator James Webb to the 23rd men’s luncheon of the Texas
Rose Festival in Tyler, TX. The author has observed that this practice has continued over the past 25
years into the present.
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In 1962, college student Claudia Sperry of Albany, New York, wrote to
NASA seeking information on the “policies, programs, and publics” of NASA’s
“Public Relations program.” Sperry asked:

What is your definition of Public Relations? What prompted
the creation of your Public Relations Department? Who do
you consider to be your publics? What is your Public Relations
Department doing to influence public opinion into thinking
that our country needs to spend billions of dollars on space
projects instead of concentrating solely on . . . problems we
have here on Earth . . . ?*

NASA Assistant Administrator for Public Affairs Hiden T. Cox replied to Sperry:

We do not have a public relations office . . . . I do not believe
a Public Relations Department is necessary in this field. I
believe we would discharge our responsibilities adequately if
we were able to provide the widest practicable dissemination
of information concerning NASA’s activities . . . . The entire
American people constitute [NASA’s] public . . . . We do, however,
have an Office of Public Affairs, whose function is to help NASA
officials cope with . . . enormous demands . . . for information
about NASA activities and their results.?

“As to what prompted the creation of NASA’s public relations department,”
Cox said, “as phrased, the question does not apply.” He concluded:

You seem to assume public relations activity is in progress to
create a favorable image and acceptance of the national space
program . . . . Even if we wanted to engage in public relations
activities, it would be impossible to do so in view of the other
demands on our time.?

21. Claudia Sperry to Director of Public Relations, 2 April 1962, Office of Public Affairs Files, NASA Historical
Reference Collection, NASA History Division, NASA Headquarters, Washington, DC.

22. Hiden T. Cox to Claudia Sperry, 9 May 1962, Office of Public Affairs Files, NASA Historical Reference
Collection, NASA History Division, NASA Headquarters, Washington, DC.

23. Ibid.
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In another example, a NASA public affairs officer took umbrage at questions
about media access to information. In a 1965 letter to the Agency’s Manned
Spacecraft Center public affairs officer Paul Haney, the president of the Greater
Houston chapter of the Texas Civil Liberties Union asked for NASA to “recon-
sider the restrictive measures . . . imposed on the newspapers in regard to their
coverage of the activities of the astronauts.”* Haney replied, “Your letter came
as complete surprise and shock to us . . . . I can only conclude that your letter
was based on misinformation.”” He provided tallies of NASA’s interactions with
the public: numbers of visitors to the Manned Spacecraft Center, viewers of
“film clips and TV presentations” about the Manned Spacecraft Center, press
briefings and interviews conducted, and so on. In another letter to Read, Haney
wrote that the constitutional freedom of the press “is precisely that—a freedom,
not a subpoena.” NASA prefers to select its astronauts “by means other than a
newspaper publicity contest,” he wrote. “[M]lay we know what your policy is
to be with regard to freedom of speech, particularly that of an individual?”2°

Haney’s response to Read provides an example of NASA PAO’s standard
approach to assessing public interest: quantification. The PAO measures its
(and NASA’s) performance by counting hits on NASA’s Web site and stories
about NASA in print, broadcast, and online media. Elite media coverage of
NASA news is always of particular interest. Audiences for various media may
also be counted, though apparently with no attention paid to whether audi-
ences actually receive the information that NASA disseminates and what audi-
ences actually do with that information. For example, in a 1995 activity report,
NASA PAO stated that “last year an estimated three million people examined

24. Mrs. Clark P. Read to Paul Haney, 11 May 1965, Office of Public Affairs Files, NASA Historical Reference
Collection, NASA History Division, NASA Headquarters, Washington, DC.

25. Paul Haney to Mrs. Clark P. Read, 12 May 1965, Office of Public Affairs Files, NASA Historical Reference
Collection, NASA History Division, NASA Headquarters, Washington, DC.

26. Paul Haney to Mrs. Clark P. Read, 25 May 1965, Office of Public Affairs Files, NASA Historical Reference
Collection, NASA History Division, NASA Headquarters, Washington, DC. Clearly, Haney and Read differed
in their interpretation of NASA's statutory responsibility to provide for the widest practicable dissemination
of information about its activities. NASA Assistant Administrator for Legislative Affairs Robert Allnut took a
similar approach in responding to a query from United States Representative Charles Goodell about NASA
spending on public affairs. “NASA does not have what is commonly designated as a ‘Public Relations’
program,” Allnut told Goodell. Referring to the Agency’s statutory mandate, he said NASA's task is to
disseminate information to the public, noting that in 1967, “530,000 people toured NASA facilities at Cape
Kennedy . . . 500,000 people toured the Manned Spacecraft Center at Houston,” and NASA “distributed
over 3 million publications . . . loaned over 70 thousand motion picture prints, scheduled 3,000 speakers,
participated in 1,000 exhibits and conducted 11,400 spacemobile lecture demonstrations” (Robert
F. Allnut to the Hon. Charles Goodell, 16 January 1968, Office of Public Affairs Files, NASA Historical
Reference Collection, NASA History Division, NASA Headquarters, Washington, DC).
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the Space Camp Exhibition when it tours state fairs.””” Such estimates do not
have a clear meaning. Does this number mean that a total of three million
people attended the fairs that hosted the exhibit? Or does it mean that three
million people walked by the exhibit? Or does it mean that three million people
learned something useful from the exhibit?

In mass communication research, audience studies and critical and cultural
studies address what this quantified approach does not. How many readers,
listeners, and viewers are paying attention to content? Who receives the mes-
sages that content providers are aiming to convey? What do people do with
the information they acquire from the media? What does media content mean
to all of its various audiences? What do people do with what they learn? How
does media content influence public opinion? What do the PAO’s tallies say
about what people know, or think they know, about NASA, and what they do
with what they know? Answering these questions grows more complicated
by the day, as the number and kind of media outlets, the volume and type of
content they produce, and the technological means of interpersonal as well
as mass communication continue to proliferate. Add to this mix the increasing
sophistication of marketing campaigns in the public and the private sectors,
including NASA and its aerospace contractors, and the task of understand-
ing “NASA and the public” appears daunting. It is important to consider that
NASA does not have a single, monolithic “public.” It has many different publics,
and they are changing all the time.?® Another important factor to consider in
examining NASA’s public relations is its longstanding and intensive focus on
maintaining good relations with Congress and the White House, which colors
its relations with other publics.

Marketing the Space Program

In assessing public opinion about, interest in, and knowledge of the space
program, NASA and the space community have typically taken an advertising
and marketing approach to the task, performing or commissioning administra-
tive research. NASA has repeatedly turned to the advertising and marketing

27. Laurie Boeder to multiple addressees, “Weekly Report of the Office of Public Affairs,” 14 February
1995 and 9 November 1995, Office of Public Affairs Files, NASA Historical Reference Collection, NASA
History Division, NASA Headquarters, Washington, DC.

28. In recent years, NASA has given some recognition to the need for serving different publics in different
ways. The Agency’s approaches to dealing with different audiences can appear to be simplistic,
however—for instance, compartmentalization of audiences to buttons on the NASA Web site: “for
public,” “for educators,” “for students,” “for media,” “for policymakers,” “for employees.”

»
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sector for help in “branding” and “selling” the space program. The result has
been a string of similar studies and similar findings—including the finding that
public knowledge of NASA is a mile wide and an inch deep—and a series of
attempts to cultivate favorable public opinion, along with the increased public
support that is erroneously assumed to accompany that favorable opinion, by
“pitching” NASA to the public.

In the early 2000s, NASA Administrator Sean O’Keefe commissioned
Harmonic International—“a strategic positioning company”—to help the
Agency with “brand equity and message concept development.” Harmonic
reported to NASA in 2004 that “NASA enjoys a strong favorable attitude” and
positive “brand equity,” though people who hold these views have “a very weak
knowledge foundation” for them. Thus, NASA communications “must help
explain NASA, building a knowledge base” and reinforcing “the foundation of
NASA’s brand equity”—that is, advancing knowledge and understanding the
universe.? A “cultural analysis” of space exploration conducted as part of the
larger Harmonic study expanded upon the advertising-and-marketing approach,
exploring “NASA and the public” in a broad social context:

The general public . . . believe space exploration is not a fantasy,
but an achievable possibility . . . a noble endeavor. They have
a generally positive view of NASA, based primarily on the
success of the manned space Mercury and Apollo programs.
But they do not believe the government should spend billions
of dollars to achieve it.*

In 2004, NASA created a new Office of Communications Planning and an
Office of Strategic Communications Planning, headed by political appointees.
The Office of Strategic Communications Planning was tasked with “developing
a strategic communications approach for guiding the activities of the Offices
of Communications Planning, Education, Legislative and Intergovernmental

29. Harmonic International, “Brand equity and message concept development” (presentation to NASA
Headquarters, Washington, DC, 24 May 2007). The author attended and obtained a copy of this
presentation.

30. Center for Cultural Studies and Analysis, “American Perception of Space Exploration: A Cultural Analysis
for Harmonic International and the National Aeronautics and Space Administration,” 1 May 2004, p.
3. Harmonic International, “Brand equity and message concept development” (presentation to NASA
Headquarters, Washington, DC, 24 May 2007). The author attended and obtained a copy of this
presentation.
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Affairs, and Public Affairs, including strategies and tactics that support NASA’s
Mission.” The Office of Communications Planning was tasked with advising the
Administrator “on new and innovative ways to engage and inform a broader
cross-section of the . . . public”; identifying “audiences for . . . a wide variety
of specialized and targeted resources, information, and messages”; “developing
effective, data-driven strategic messages that can be employed Agency-wide
and targeted to specific audiences . . . to provide for the widest practicable
and appropriate dissemination of information concerning the Agency’s activi-
ties and results thereof and to increase public awareness and understanding
of NASA and its mission”; and ensuring “message consistency and repetition
across the Agency to increase the American public’s understanding of science,
technology, and NASA’s mission.”*

In 2006, NASA adopted a new public information policy to demonstrate its
commitment to open communications.** In a 2007 briefing to Agency officials,
NASA Strategic Communications Chief Robert Hopkins asserted that NASA
“is committed to a culture of openness with the media and the public that
values the free exchange of ideas, data and information” and that “scientific
and technical information from or about Agency programs and projects will
be accurate and unfiltered.”?> Nonetheless, NASA’s “open” communications
under this policy are subject to a complex, multilevel system of review and
concurrence. Thus, “openness” in this policy is a relative term.>

Also in 2007, Hopkins distributed a “final NASA Message Construct” to
Headquarters officials: “NASA explores for answers that power our future.”®® He
advised officials to use the message, verbatim, in their communications, and he
steered them to NASA’s “Strategic Communications Framework Implementation

31. NASA Policy Directive (NPD) 1000.0A, 1 August 2008, “NASA Governance and Strategic
Management Handbook,” available at http.//nodis3.gsfc.nasa.gov/npg_img/N_PD_1000_000A_/N_
PD_1000_000A_.pdf.

32. NASA Policy on the Release of Information to News and Information Media, 30 March 2006, available at
http.//www.nasa.gov/audience/formedia/features/communication_policy.html. NASA issued this 2006
policy on releasing information to the media in response to press reports that NASA public affairs
officials tried to limit Agency climate-change expert James Hansen’s public statements. The policy
states: “release of public information concerning NASA activities . . . will be made promptly, factually,
and completely” and that “in keeping with the desire for a culture of openness, NASA employees may,
consistent with this policy, speak to the press and the public about their work.”

33. Robert Hopkins, “NASA Media Communications Policy” (presentation to the NASA Senior Management
Council, 11 July 2007).

34. The author’s observations regarding openness pertain to NASA communications from the time the
Agency announced its new public information policy in 2006 through December 2008, when this paper
was completed.

35. Rabert Hopkins, Memorandum to Officials-in-Charge, “NASA messages,” 1 August 2007.
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Plan” and “Strategic Communications Implementation Handbook” for further
guidance. A few weeks later, Hopkins advised officials that the intent of his
“message construct” memo was not to deliver a “mandate” but “to provide some
consistency on how we talk about NASA’s work with the public.” He said the
core message was not intended to be “a slogan or tag line,” and he encouraged
officials to use the themes of “inspiration, innovation, and discovery” in their
communications, “depending on whether they work.”

To sum up, during its first 25 years, NASA’s desire to control image, message,
and the overall flow of information from the Agency to the public was in tension
with its need to tend to its statutory obligation of disseminating information.
This tension has persisted over the last 25 years. Early on, NASA public affairs
officials exhibited a tendency to contain or withhold information that might not
serve the purpose of boosting NASA’s public image and reinforcing its chosen
message. They have continued to do so over the 25 years that the author has
been watching.?” There is a tension between the goals and objectives of these
political appointees and the civil servants who work with them on disseminat-
ing information. The role of appointees is to make the President look good, by
making NASA, headed by a leader of the President’s choice, look good. Civil
servants have the task of fulfilling the Agency’s statutory responsibility to dis-
seminate information on all of its activities. They are also compelled to keep
their appointee bosses happy—a tough order on some days.*®

Over the last 25 years, the author has observed a continued institutional
sensitivity at NASA about activities that might be construed as “promo-
tional”—even though the Agency regularly engages in all sorts of activities
that could easily be construed as promotional. For example, in 2008 NASA
held a series of Future Forums in different cities around the country.*® NASA
designed these events to inform the public about NASA’s plans for executing
the President’s Vision for Space Exploration. NASA’s press releases, back-
ground information, and official statements about the forums could easily

36. Robert Hopkins, Memorandum to Officials-in-Charge of Headquarters Offices Directors, NASA Centers,
“Updated Guidance on NASA Messaging,” 11 September 2007.

37. Itis worth noting that NASA’s core message has not changed much since the beginning of the space
program. See Linda Billings, “Ideology, Advocacy, and Spaceflight—Evolution of a Cultural Narrative,”
in Societal Impacts of Spaceflight, ed. Steven J. Dick and Roger D. Launius (Washington, DC: NASA
SP-2007-4801, 2007), pp. 483-500.

38. The author has not been able to verify precisely when NASA adopted the practice of placing political
appointees in charge of public affairs.

39. The author reviewed NASA information and media reports about these forums but did not attend any of
the events.
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be construed as promotional, a carefully orchestrated sales pitch with the
tag line “NASA powers inspiration, innovation, and discovery.” According
to the Agency, the aim of these forums was to “discuss the role of space
exploration in advancing science, engineering, technology, education and the
economy that benefits your community and the nation” and to provide “an
exciting preview of NASA’s Constellation Program—America’s return to the
Moon and beyond.” NASA used these forums to talk about its contributions
to what the Agency calls “The Space Economy”—*“the full range of activities
that create and provide value to human beings in the course of exploring,

understanding and utilizing space.”

NASA and the Media

A core function of the press, historically and presently, is to mediate the flow
of information from government to citizens, and NASA has always depended
on the mass media to get the word out about its public performances. Reliance
on official sources has long been a standard journalistic practice, and by engag-
ing in this practice, the media reinforce and perpetuate official opinions and
worldviews.# This practice has served NASA well from the Agency’s inception
to the present.

The history of Science Service, a news syndicate that operated from 1920
through World War II, provides some insight into the longstanding cozy relation-
ship between government and the press and the role of the media in science
and technology boosterism. Newspaperman Edwin W. Scripps created Science
Service, the first science news syndicate, in 1921 because he believed that sci-
ence was the basis of democratic life and that scientists were “so blamed wise
and so packed full of knowledge . . . that they cannot comprehend why God has
made nearly all the rest of mankind so infernally stupid.”® The Science Service
syndicate was controlled by a board of trustees representing prestigious sci-

40. Remarks as delivered by the Honorable Shana Dale, NASA Deputy Administrator (San Jose Future
Forum, San Jose, CA, 14 May 2008), available at hitp.//www.nasa.gov/50th/future_forums/
sanJoseWithGallery.html. NASA executed another carefully orchestrated public performance by
participating in the Smithsonian Institution’s Folklife Festival in 2008. NASA's Future Forums and its
presence at the Folklife Festival are promising material for case studies in “NASA and the public.”

41. See, for example, Pamela J. Shoemaker and Stephen D. Reese, Mediating the Message: Theories of
Influences on Mass Media Content, 2nd ed. (White Plains, NY: Longman, 1996); Wolfgang Donsbach,
“Psychology of News Decisions: Factors Behind Journalists’ Professional Behavior,” Journalism 5, no. 2
(2004): 131-157; M. Schudson, The Sociology of News (New York, NY: W. W. Norton, 2003).

42. Dorothy Nelkin, Selling Science: How the Press Covers Science and Technology, rev. ed. (New York, NY:
W. H. Freeman, 1995), p. 81.
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ence associations, including the American Association for the Advancement of
Science and the National Academy of Sciences, “and its editorial policies were
dominated by the values of the scientific community.” Scripps chose to operate
the syndicate as “a press agent for the associations” rather than an independent
news service. In line with the interests of Mr. Scripps, Science Service’s stories
“cast science as a new frontier and scientists as pioneers and discoverers.”®

After World War II and throughout the Cold War, the U.S. media continued
to serve the cause of science boosterism, and NASA rode this wave. At the same
time, broadcast media began to supplant print media as the dominant source
of news, highlighting the spectacular quality of space exploration. “More active
or visual issues . . . became especially newsworthy.”* Through the 1980s and
1990s, consolidation of media ownership disturbed the traditional balance
between the publishing (advertising and profit-seeking) and editorial (reporting
and analysis) components of journalism. NASA has benefited from the related
media trend toward producing more infotainment content and less news and
analytic content in recent years. At the same time, NASA’s public affairs, public
outreach, and public education initiatives have been trending toward at least
the appearance of infotainment. Today, the media are as dependent as ever on
official sources—perhaps increasingly so in an increasingly competitive media
environment and more tightly controlled government public affairs operations.
Concurrently, NASA’s Public Affairs Office has become increasingly proficient at
peddling the spectacle of space exploration, showcasing rocket launches and
astronauts. As political communication expert Shanto Iyengar has observed,
the boundaries between news and political marketing “have virtually vanished.
The use—even manipulation—of the mass media to promote political objectives
is not only standard practice, but in fact is essential to survival.”#

The author has observed over the past 25 years that the view of the press as
subservient to government is persistent at NASA. So is the one-way transmission
or “bullet” conception, or model, of communication, whose goal is to deliver
a specific message to a specific target. The rhetorical objective of communica-

43. Nelkin, Selling Science, pp. 81-82.

44. Shanto lyengar, “Engineering Consent: The Renaissance of Mass Communication Research in Politics,”
in The Yin and Yang of Social Cognition. Perspectives on the Social Psychology of Thought Systems—A
Festschrift Honoring William J. McGuire (New Haven, CT. Yale University, 2022 April 2001), p. 3,
available at http.//pcl.stanford.edu/common/docs/research/ivengar/2001/meguire.paf. The Watergate
incident in the 1970s may have made the media more skeptical about official sources, but those effects
were not necessarily long-lasting.

45. lyengar, “Engineering Consent: The Renaissance of Mass Communication Research in Politics,” p. 1.
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tion by this model is persuasion. This was the model employed in Cold War gov-
ernment propaganda campaigns. NASA’s Public Affairs Office has always been
expert at knowing how to disseminate information to the media. The Agency is
not so expert in understanding how journalism works, as a culture, a practice,
a system of values. In addition, evidence is lacking of a matching expertise in
understanding what people do with the information they receive from NASA.
This disconnect may at least begin to explain the gap between NASA’s good
public reputation and its consistently low ranking as a spending priority.

NASA’s Relationship with Its Various Publics
For all of its 50 years thus far, NASA has claimed a high level of public interest
and a good reputation with “the public.” It is not clear how much of this good
feeling among citizens is a product of NASA’s public affairs efforts and how
much is due to other social factors—that is, the social and cultural context
for the space program. Over the past 25 years, the author has observed that
when NASA and other members of the space community talk about public
interest and understanding and engagement, they are usually talking about
their desire to expand public support. Public opinion research and studies of
public understanding of science and technology have shown how and explored
why public interest does not equate to public understanding and how and why
neither interest nor understanding equates to public agreement or support.
Numerous public opinion polls and surveys about NASA and space
exploration have revealed this disconnect.*” Poll and survey results have
shown consistently over the years that respondents tend to be interested in
the space program and tend to value having one. In addition, results do not
reveal wide endorsement of big-ticket human spaceflight programs such as
the Apollo lunar-landing program and proposed human missions to Mars.
And when asked to rank the space program as a government spending prior-
ity, respondents have consistently put NASA at the bottom of their lists. One
factor that may contribute to this consistently low ranking is NASA’s lack
of a meaningful rationale for the space program. For people in the space
community, the space program means many things: jobs, money, progress,

46. See, for example, Alan Irwin and Brian Wynne, eds., Misunderstanding Science? The Public
Reconstruction of Science and Technology (New York, NY: Cambridge University Press, 1996); National
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January 2008).
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political capital, and prestige. For 50 years, NASA and the space community
have promoted the economic, political, and security benefits of space explo-
ration. And for 50 years, people outside the space community have not been
clear about the purpose of the space program. The rationales that NASA has
offered over the years* do not appear to be especially meaningful to the
Agency’s “external” audiences.

Over NASA’s first 25 years, the Cold War was NASA’s driving rationale for
space exploration. Over the last 25 years, NASA has been weak on rationale,
despite continual attempts to articulate one. What drove the United States space
program in its early years, journalist John Noble Wilford observed, was “the
pursuit of national prestige and power by a new means and in a new frontier.”
The lack of a durable rationale for space exploration “contributed eventually
to a serious mid-life crisis for the American space effort,” he said, deeming
the Apollo lunar landings

. . a triumph that failed, not because the achievement was
anything short of magnificent but because of misdirected
expectations and a general misperception of its real meaning.
The public was encouraged to view it only as the grand climax of
the space program, a geopolitical horse race and extraterrestrial
entertainment—not as a dramatic means to the greater end
of developing a far-ranging spacefaring capability. This led
to the space program’s post-Apollo slump . . . . We had been
conditioned to think of the space program in terms of the Cold
War . . . . The media no doubt perpetuated this attitude, for
editors generally viewed every story in those days in terms of
whether it meant we or the Russians were ahead. But NASA
also played the game, because that was the surest route to
the Treasury.®

Sylvia Fries Kraemer has also made note of this problematic lack of ratio-
nale. Citing “the relative poverty of . . . intellectual efforts to understand the
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significance of space travel . . . and the relative uncertainty of . . . rationales
for a space program as a major, national undertaking,” she has observed that
a sound rationale must “reflect the genuine needs and aspirations of real and
important constituencies. The burden of our space program is that it has had
only a marginal audience, and marginal constituencies.”°

In examining the history of NASA’s “public” relations, the Agency’s expec-
tation that the mass media will help to foster those relations and generate
favorable public opinion deserves attention. It is useful to consider that media
discourse does not create public opinion, nor does public opinion create media
discourse. They interact with each other and with other social phenomena as
well, in a process of social construction.’! Some interesting insights might be
gleaned from mapping out the evolution of interactions among NASA’s public
information efforts, media discourse, and public opinion.

NASA in Public

In regard to “NASA in public” during the Agency’s early years, the power-
and-prestige rationale for space exploration “exercised major influence” in
national political circles at that time,** and astronauts and rockets quickly
became the public image of the space program. From those early years into
the present, NASA and the media have continually “contrived to present
the astronauts as embodiments of the leading virtues of American culture.”
The mythic astronaut was, and still is, depicted as “everyman,” “defender of
the nation,” “virile, masculine,” and heroic.”® In 1959, NASA introduced its
first group of astronauts to the press, and the Mercury 7 became the public
face of NASA virtually immediately. The Agency soon cut a deal with LIFE
magazine to tell their stories. This deal was all about marketing on both
sides. NASA Public Affairs Chief Walter Bonney approached Washington,
DC, celebrity attorney Leo D’Orsey about helping the astronauts with pub-
licity. D’Orsey agreed to represent them, for free, and peddled the rights

50. Sylvia Doughty Fries, “Commentary,” in A Spacefaring People: Perspectives on Early Spaceflight,
ed. Alex Roland (Washington, DC: NASA Scientific and Technical Information Branch, NASA SP-4405,
1985), pp. 75-76.
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to their “personal” stories. LIFE won the bidding at $500,000.> In a retro-
spective report, Time-LIFE commented on the Mercury contract: “In 1959,
as the seven original astronauts prepared for their missions in space, LIFE
Magazine went along, producing four years of intimate coverage of their
training, their historic flights and their heroic achievements. The Mercury
Astronauts allowed LIFE into their homes and shared with the magazine’s
readers their thoughts before and after their journeys into space.”” NASA
signed another, more complicated, contract with Time-LIFE and another
partner for reporting the life stories of the Gemini and Apollo astronauts.
According to Gemini-Apollo astronaut Michael Collins, media interest in
the personal stories of the astronauts was “morbid, unhealthy, persistent,
prodding.”*® But even if unwanted, stardom came with the job. Consider this
anecdote: Apollo astronaut Gene Cernan escorted two Soviet cosmonauts,
on a United States visit after Apollo 11, to a party at the home of actor Kirk
Douglas, where “every star in Tinsel Town wanted to glitter for the men from
space.”” Guests included Clint Eastwood, Goldie Hawn, Lee Marvin, Groucho
Marx, Yul Brynner, Natalie Wood, and Frank Sinatra. The cosmonauts didn’t
recognize any of them since they had not been exposed to American media
content. Everybody recognized the spacemen.

As this cultural spectacle was unfolding, not everyone in official Washington,
DC, thought the astronauts should serve as the public face of NASA. In his
NASA transition report to President-elect John F. Kennedy in 1961, adviser
Jerome Wiesner wrote:

We should make an effort to diminish the significance of
[the Mercury] program to its proper proportion before the
public . . . . We should find effective means to make people
appreciate the cultural, public service and military importance
of space activities other than space travel.>®
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In 1969, President Nixon’s Space Task Group, assembled to consider
options for a post-Apollo space program, reported that it had “found strong
and wide-spread personal identification with the manned flight program
and with the outstanding men who have participated as astronauts.” At the
same time, “We have found questions about national priorities” and the cost
of human spaceflight. The group recommended that “a decision to phase
out manned space flight operations, although painful, is the only way to
achieve significant reductions in NASA budgets over the long term.”” What
came next at NASA was the Space Shuttle Program, a transportation system
with nowhere to go but Earth orbit. Then came the Space Station program,
whose schedule and budget ballooned over time while its functions and
purpose narrowed.

In 1985, President Reagan appointed a National Commission on Space
to develop a 25-year plan for United States space exploration. As part of its
research, the Commission conducted a series of public forums around the
country to ask citizens what they wanted in a space program.®® Among the
1,800 people who participated were “former astronauts, folk singers, lawyers,
members of Congress, philosophers, teachers, and students.” Most participants
“had no direct link to the space program.” The Commission reported that it was
“overwhelmed by the high caliber of comments obtained, and duly impressed
by the commitments of the citizens in attendance to respond intellectually to
the call for participation.”® The result of this exercise is that, more than 20
years later, NASA is still struggling over how to execute the sort of long-term
plan for human exploration laid out in the Commission’s report.

When Daniel Goldin took charge as NASA Administrator in 1992, he held
a series of town meetings nationwide to ask citizens for their views on the
space program, “with the goal of developing a shared vision for the future of
NASA.”*? More than 4,500 people attended these meetings, with half claiming
some affiliation with the space program. The results of this exercise included
the finding that meeting participants “were interested in all aspects of” NASA
and believed that “NASA should do a much better job of communication with
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the public, both through the news media and via direct means.”®® NASA com-
mitted to improving the quality of its public information, upgrading NASA TV
and radio programming. Some changes were made, in fact, though the new
and improved NASA TV was short-lived due to budgetary limitations. While
Goldin was committed to improving and expanding communication, with
special attention paid to science communication, his successors Sean O’Keefe
and Michael Griffin appeared to be more comfortable with the conventional
control-and-persuasion approach established in NASA’s early years and main-
tained through the 1980s.% In its relations with its publics throughout the
Bush administration, NASA has continued to take the marketing approach to
engagement with its publics, with persuasion the objective.

NASA and Public Opinion

From the beginning of the United States space program to the present, polling
firms® (commissioned by the aerospace industry, aerospace associations, the
mass media, and NASA) have been attempting to gauge public opinion on
the space program. As previously noted, in assessing public opinion about,
interest in, and knowledge of the space program, NASA and the space com-
munity have typically taken an advertising and marketing approach to the
task, soliciting what we call administrative research. NASA has repeatedly
turned to the advertising and marketing sector for help in “branding” and
“selling” the space program. The result has been a string of similar studies
and similar findings—public knowledge of NASA is a mile wide and an
inch deep—and a continuing series of attempts to cultivate favorable public
opinion, and the increased public support that is erroneously assumed to
accompany that favorable opinion, by “pitching” NASA to the public. NASA
has paid considerable attention—arguably too much—to quantitative indi-
cators of public interest provided by public opinion polls and surveys. But
it appears that the Agency has paid little attention to the limits of poll data
and the practice of polling itself. NASA and others in the space community
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continue to interpret high levels of public interest as indicators of public
support, a correlation that poll results themselves show to be spurious. Roger
Launius has examined the history of public opinion polling about the space
program and pointed out that “consistently throughout the 1960s a majority
of Americans did not believe” NASA’s Apollo program “was worth the cost.”*
He has also noted that while NASA has consistently earned favorable ratings
in public opinion polls, respondents consistently rank the space program
low as a national spending priority.

Practitioners like to say that public opinion polling allows “the people” to
speak for themselves. Research has shown that this is not necessarily the case.
Public opinion polling has been described as “a cultural practice that sustains
and affirms deeply held founding mythologies about community, democracy,
and vox populi.”” Research has explored how cultural elites “use public opin-
ion polls to manage and control public opinion.” It has been argued that polls
“legitimate the authority of the state by appealing to the mythical sovereignty
of the people without actually, or in practice, doing so0.”®® Weaknesses of public
opinion polling and public opinion research include a lack of reporting on
survey nonresponse rates and insufficient research on the sources and effects
of nonresponse.®” Survey researchers have also found bias in the other direc-
tion—people who are interested in the topic of a survey are more likely to
respond to it, and this factor can bias survey results.”

While polling methods have improved in some respects over the years,
polling is still subject to what practitioners call nonsampling error—that is,
nonquantifiable sources of error or uncertainty ranging from “interviewing
problems to flawed interpretive theories”; the context and timing of surveys;
the gender, race, or class of interviewers and respondents; and the phrasing
and order of questions and response options.If they are to be useful, poll data
“must be interpreted both in terms of larger historical or social trends, and
within the context of public debate and discussion.””* To better understand the
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limits of polling data and the practice of polling itself, it helps to look into the
history of the business of public opinion research.

In 1935, George Gallup founded the Gallup Organization’ to do public
opinion research. Gallup had come out of the advertising and marketing busi-
ness, where he had been head of the marketing department at the New York
advertising firm Young & Rubicam. Gallup created and employed a “rhetoric
of scientific democracy” in attempting to construct legitimacy for what he
called the new “science” of polling. Gallup succeeded in legitimizing polling,
in part by deflecting questions about methods and accuracy with “a rhetoric
of ‘scientific mystification.”””® The Roper Center for Public Opinion Research,
founded by Elmo Roper, a colleague of George Gallup, after World War II, has
maintained an archive of polling data, collected by a variety of organizations,
ranging from the 1930s to the present.” Louis Harris & Associates—now known
as Harris Interactive—was founded in New York City in 1956 by Louis Harris,
who served as John F. Kennedy’s pollster during his 1960 campaign for the
presidency.” Harris Interactive bills itself as “one of the largest market research
and consulting firms in the world and the global leader in conducting online
research.”” This longstanding marketing bias, which continues to character-
ize the public opinion business today, is an important factor to consider in
interpreting poll data. Another important factor to consider is the considerable
difference between political polling and other types of polling.

Early on, NASA enlisted scholars and analysts to help define the Agency’s
image, message, purpose, and publics. But NASA apparently paid little attention
to their findings. Apparently “NASA ignored its own early opinion research . . . .
[Flindings which argued against widespread knowledge or interest in NASA
programs were ignored.””” During NASA’s first few years, social psychologist
Donald Michael pointed out to NASA the importance of “understanding . . .
the relation of events to attitudes and values” when considering public opin-
ion about the space program. In the case of public response to the launch of
Sputnik I, for example, “for many people everywhere, their own affairs, Little
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Rock, and the World Series took precedence over the Soviet leap into space.””®
Michael urged the space community to consider “the socio-psychological
context in which efforts to explore space will evolve,” pointing out that space
exploration would proceed within a “vast matrix of already existing social
and psychological values and beliefs, and behaviors which define our society
today.”” “There is,” he said:

No good reason to believe that there will be strong pressure
from the public for effort and expenditures in this area, unless
very special efforts are made to elicit it . . . . The matter is
not close enough to most people’s way of life to fit in with
the values and behavior they have learned are important for
successfully coping with day-to-day reality.®

Today the range of issues people are thinking about may be different, but
the situation is the same. While many people may view the space program as
a salient issue, they typically do not put it at the top of their list of things they
need to think about. NASA continues to struggle to make space exploration
relevant to people’s lives. The Roper Center’s archive of polling data contains
the results of numerous surveys about NASA, and typifying this body of work
are New York Times/CBS News polls conducted in 1994, 1998, and 2004 that
asked respondents about space exploration:

e Is the government spending “too much, too little, or about the right
amount” on space exploration? In 1998, 32 percent of respondents
answered “too much.” In 2004, 40 percent answered “too much.”

e Should the United States send astronauts to Mars? In 1994, 55 percent
favored and 40 percent opposed human missions to Mars. In 2004, 48
percent favored and 47 percent opposed.

*  Would it be worth it to build a permanent base on the Moon? In 2004,
58 percent said “not worth it,” while 35 percent said “worth it.”®!

In 2003, for the Houston Chronicle, Zogby International polled people on

their views about NASA:
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“How would you rate the job being done by the space agency, NASA
(the National Aeronautics and Space Administration)?” Sixty nine percent
of respondents gave NASA an “excellent” or “good” rating, while 23
percent gave it a “fair” to “poor” rating.

“Do you feel that the amount of tax dollars the government now spends
on the U.S. space program should be increased, kept at the present level,
decreased, or ended all together?” Zogby reported that “a plurality of
people (44%) feels that the amount of tax dollars the government now
spends on the U.S. space program should be kept at the present level.
One-third (32%) thinks this amount should be increased.”®*

A poll conducted in 2004 by Ipsos Public Affairs for the Associated Press

“The United States is considering expanding the space program by building
a permanent space station on the moon with a plan to eventually send
astronauts to Mars. Considering all the potential costs and benefits, do
you favor expanding the space program this way or do you oppose
it?” Among respondents, 48 percent favored a human mission to Mars,
while 48 percent opposed it.

“On the whole, do you think our investment in space research is
worthwhile or do you think it would be better spent on domestic
programs such as health care and education?” Among respondents 42
percent said investing in space research would be “worthwhile” while
55 percent said it would be “better to spend on domestic programs.”®

A USA Today/Gallup poll conducted in 2006 found that 48 percent of
respondents deemed NASA’s investment in the Space Shuttle “worth it,” while

48 percent said the money would have been better spent elsewhere. At the
same time, 57 percent of respondents said NASA was doing a good to excellent
job, while 37 percent rated NASA “fair” to “poor.” In reporting these results,

Gallup observed, “The fact that less than a majority endorses the spending

on a space program is not a new phenomenon. During the 1960s, when the

United States increased spending on sending astronauts to the moon, a higher

percentage of Americans consistently said it was not worth spending the money
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to accomplish the feat.” At the same time, “ratings of NASA have generally been
positive since Gallup first asked this question in 1990.7%

A Harris Interactive poll conducted in 2007 asked, “If spending had to be
cut on federal programs, which two federal programs do you think the cuts
should come from?” Fifty-one percent of respondents put the space program at
the top of the “cut” list, followed by welfare at 28 percent.®> A poll conducted by
Rasmussen Reports in 2007, for the University of California-Berkeley’s BioMars
astrobiology research team, asked, “How important is it for the United States to
have a manned [sic] space program?” Thirty percent of respondents said it was
“very important,” 27 percent said it was “somewhat important,” 22 percent said
it was “not very important,” and 13 percent said it was “not at all important.”®

In the 1980s and 1990s, NASA called on political scientist Jon Miller, an
expert in public opinion research and public understanding of science, to study
“the information needs of the public concerning space exploration.” In a 1994
report to NASA, Miller broke up the bloc of “interested” respondents reported
by polisters for decades into more precisely defined groups. He distinguished
between “informed” and “attentive” audiences and also reported on gender- and
age-based differences of opinion. And “even among those citizens with a high
level of interest in space exploration and who believe themselves to be well
informed”—a small percentage of respondents in the surveys he drew on®’—
“there are vast areas of ignorance and misunderstanding.”®® He also pointed
out that people who are “attentive” to the space program may not necessarily
support new initiatives or budget increases.

Over the past few years, Dittmar Associates has conducted market studies
aimed at gauging public interest in and support for NASA. In a 2004 market-
ing study of space exploration, Dittmar found a widespread public perception
that “the space program is disengaged from and uncaring about the public.”®
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Participants in these studies expressed a “desire for a responsive NASA—one
that goes out of its way to involve interested citizenry in real and meaning-
ful ways beyond traditional ‘outreach and education.” This desire “emerged
repeatedly in response to questions asking about relevance of the space pro-
gram to their daily lives.” Dittmar found strong interest in and endorsement
of the space program among Caucasians, Asians, males, and people 45-65
years old, and “little interest and less endorsement among women, Hispanics,
and younger adults.” Among 18- to 25-year-olds, Dittmar found “very little
excitement or interest about NASA or its activities”—including the Vision for
Space Exploration—“with the exception of Mars rovers.” Participants in this
age group expressed “confusion about and lack of interest in what NASA does”
and a “strong sense that NASA wasn’t about them.” In a 2006 market study of
“Gen Y” (ages 15-35) and space exploration, Dittmar found an “absence of a
relationship with NASA, no participation, no interactivity.”

Space Exploration as Spectacle

Another way of examining the history of “NASA and the public” is to consider
it as 50 years of spectacle. Author Tom Wolfe wrote of the Mercury astronauts’
press debut as a theatrical event, spotlighting not the astronauts’ piloting abili-
ties but their relationships with “god, family, country.” Overnight, he said, the
astronauts became “national heroes.””® The story of the Mercury 7 provides
insights into the role of the mass media in the social construction of reality—in
this case, the spectacular hyperreality of the astronauts as superhuman, fear-
less yet god-fearing, patriotic family men.

In his famous essay, “Society of the Spectacle,” published in 1967 at the
peak of United States space frenzy, French critic Guy Debord (1931-1994)
argued that in contemporary industrialized, commercialized society, image
had supplanted reality as our social reality. He observed:

In societies where modern conditions of production prevail, all
of life presents itself as an immense accumulation of spectacles.
Everything that was directly lived has moved away into a
representation . . . . Spectacle is not a collection of images but
a social relation among people, mediated by images . . . . The
society which rests on modern industry is not accidentally or
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superficially spectacular, it is fundamentally spectaclist . . . .
The spectacle presents itself as something enormously positive,
indisputable and inaccessible . . . . The attitude which it
demands in principle is passive acceptance which in fact is
already obtained by . . . its monopoly of appearance . . . . In the
spectacle, which is the image of the ruling economy, the goal is
nothing, development everything. “The language of the spectacle
consists of signs of the ruling production . . . . As information
or propaganda, as advertisement or . . . entertainment, the
spectacle [is] the omnipresent affirmation of the choice already
made in production and its corollary consumption . . . . The
spectacle’s form and content are identically the total justification
of the existing system’s conditions and goals.”!

The spectacle “is the opposite of dialogue,” Debord concluded. In today’s
ever-more-mediated cultural environment, the society of the spectacle continues
to thrive, and thanks to increasing numbers and varieties of media outlets and
mass communication technologies and techniques, the space program is as
spectacular as it ever was, and arguably more so. Debord’s thinking offers an
interesting way to think about the history of “NASA and the public,” in which
goals are always changing while “development” always proceeds. One condi-
tion of “the existing system” today is the power and influence of the so-called
military-industrial complex, whose primary goal is dominance in the global
aerospace sector and in outer space itself.

Like Debord, culture critic Jean Baudrillard (1929-2007) argued that in con-
temporary consumerist, mediated, high-technology-dominated society, people
live in a social reality of images, spectacles, and simulacra that is so discon-
nected from actual reality that “reality” is no longer meaningful.®> “Abstraction
today is no longer that of the map,” according to Baudrillard. “Simulation is no
longer that of a territory . . . . It is the generation by models of a real without
origin or reality: a hyperreal . . . . It is the map that precedes the territory . . .
it is the map that engenders the territory.”?

91. Guy Debord, Society of the Spectacle (Detroit, MI: Black and Red, 1967), unpaged, available at http://
www.marxists.org/reference/archive/debora/society. him.

92. “Jean Baudrillard,” Stanford Encyclopedia of Philosophy, first published 22 April 2005; substantive
revision 7 March 2007, available at hitp.//plato.stanford.edu/entries/baudrillard/.

93. Jean Baudrillard, “Simulacra and Simulations: Disneyland,” 1983, in Social Theory: The Multicultural
and Classic Readings, ed. Charles Lemert (Boulder, CO: Westview Press, 1993), pp. 524-529.
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In the 21st century, people know NASA by its representations—its space-
walking heroes and their spaceships, the Hubble Space Telescope, and anthro-
pomorphized rovers on Mars. What is missing in this pastiche of spectacles is
the meaning of NASA for all of its publics.

Conclusion

Throughout its 50 years, NASA has concerned itself with public opinion and
public support for the Agency as an entity, or some specific program of the
Agency. What people seem to care about is space exploration, in the broadest
possible sense. People care as much about the idea of space exploration, the
idea of human and robotic presence in space, as they do about the mechanics,
the reality, of these things. When asked to place a value on the idea of space
exploration, people rate it highly. When asked to put a price tag on the reality
of space exploration, a different picture results.

President George W. Bush’s space commission® recommended that the
space community adopt “techniques employed by the film industry” to “inspire
and educate people.” Citizens might ask: Is the goal informing and engag-
ing citizens? Or selling the space program and enlisting new advocates? The
“space infotainment” trend in the aerospace community is disturbing, as the
emphasis seems to be more on entertaining—the spectacle, the simulation—
than on informing and empowering citizens. As NASA official Alan Ladwig
has observed, “Basing decisions on thrill factors is fine for Hollywood studios,
but it’s a dubious performance indicator for space science and exploration.” At
NASA, “publicity shouldn’t be the float leading the parade,” Ladwig has said.
“The legislative charter that created the agency was quite specific concerning
priorities and goals . . . . The agency’s charter says nothing about excitement
or entertainment.”

NASA has always been good at framing stories about the space program
to make a favorable public impression. A frame is a social construction used to
organize stories and make meaning. Assumptions and beliefs, sponsorship (for
example, official sources), and media practices (journalistic norms and conven-
tions—for instance, the convention of balance) are among the factors determin-
ing what news frames will be and how they will work. In mass communication

94. Report of the President’s Commission on Implementation of United States Space Exploration Policy: “A
Journey to Inspire, Innovate, and Discover,” June 2004.

95. Alan Ladwig, “The Excitement Myth: Space Exploration Shouldn’t Have to Entertain to be Worthwhile,”
Space lllustrated (fall 2001): 16.
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research, frames have been explored as functional structures,” structural forms
of bias,”” ideological processes,” structural and ideological forms of bias,”” and
special-purpose constructions of social reality.'® The foregrounding and back-
grounding of issues in a story frame contribute to public agenda setting, as they
affect not only what issues audiences think about, but also how they think about
the issues.'*! It is not clear whether any in-depth understanding of what framing
is and how framing works has undergirded these framing efforts.

Medium theory could also help NASA in fostering relations with its
various publics. Medium theory describes how media are not simply means
for disseminating information but also “are themselves social contexts that
foster certain forms of interaction and social identities.” The proliferation of
mass media and other types of communication technologies has “altered the
nature of social interaction in ways that can not be reduced to the content
of the messages communicated through them.”'”> NASA continues to focus
on message content and delivery, depending on counting how many times
and to how many people messages are sent. It might be more useful to study
whether and how people actually receive those messages and what they do
with them when they receive them. This qualitative sort of research is more
difficult to do than the conventional quantitative assessment of Web hits,
news clips, and air time. It offers, however, insights that quantitative assess-
ments cannot. Cultivation theory posits that repeated exposure to certain
media content or frames can cultivate “adoption of a particular point of view
that is more in line with media presentation than with reality.”'®® It might be

96. Robert M. Entman, “Framing U.S. Coverage of International News: Contrasts in Narratives of the KAL
and Iran Air Incidents,” Journal of Communication 41, no. 4 (1991): 6-26; Z. Pan and Gerald M. Kosicki,
“Framing Analysis: An Approach to News Discourse,” Political Communication 10 (1993): 55-75.

97. Salma Ghanem, “Filling in the Tapestry: The Second Level of Agenda Setting,” in Communication
and Democracy: Exploring the Intellectual Frontiers in Agenda-Setting Theory, ed. Maxwell McCombs,
Donald L. Shaw, and David Weaver (Mahway, NJ: Lawrence Erlbaum Associates, 1997), pp. 3—14.

98. Kevin M. Carragee and Wim Roefs, “The Neglect of Power in Recent Framing Research,” Journal of
Communication 54, no. 2 (2004): 214-233.

99. Frank D. Durham, “News Frames as Social Narratives: TWA Flight 800,” Journal of Communication 48,
no. 4 (1998): 100-117.

100. Dietram A. Scheufele, “Framing as a Theory of Media Effects,” Journal of Communication 49, no.
1(1999): 103-122.

101. McCombs, Shaw, and Weaver, eds., Communication and Democracy.

102. Joshua Meyrowitz, “Shifting Worlds of Strangers: Medium Theory and Changes in ‘Them’ versus
‘Us’,” Sociological Inquiry 67, no. 1 (1997): 59-71.

103. George Gerbner et al., “Growing Up With Television: The Cultivation Perspective,” in Media Effects:
Advances in Theory and Research, ed. J. Bryant and D. Zillman (Hillsdale, NJ: Lawrence Erlbaum
Associates, 1994), pp. 17-41, 93.
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useful for NASA to consider what points of view, what attitudes, it has been
cultivating, or attempting to cultivate, over time, and what perspectives and
attitudes it has actually cultivated over its 50 years of existence.

NASA could benefit from engaging in some critical research on this
topic of “NASA and the public.” In contrast with conventional administra-
tive research, critical research “has to question existing conditions in terms
of their historical preconditions and future possibilities.”'* In contrast to
administrative research, critical research takes its social responsibility seri-
ously. Critical researchers take care to define the relevance and validity of
their research questions. “The sense of being critical is expressed in sharing
responsibility for the future by identifying those critical (empirical) condi-
tions which stimulate or fetter humans and democratic developments and
recognizing their historical roots.”%

NASA exists in a social reality where special interests—political and eco-
nomic and business interests—will continue to ensure, for better or worse, the
continuation of the civilian space program. At the same time, most citizens
arguably do not “get” space exploration in the same ways that special inter-
ests in the space community do. NASA and its advocates are framing space
as a resource-rich environment to exploit for economic gain, as a money-
making enterprise, as a guaranteed source of employment for scientists. It
has not been established that this approach to space exploration best serves
the public interest. To serve the public interest as well as special interests,
NASA will need to talk with, listen to, and involve citizens in planning a
future in space. It will need to look deeply into its history in contemplating
its future. It is likely that United States citizens would not be happy if their
government were to abandon the civilian space program. It is reasonable to
assume that the space program has meaning for many citizens. By engag-
ing with its citizenry, NASA could begin to find out what space exploration
means to different people in different socioeconomic sectors and walks of
life. Perhaps this perspective can provide a starting-off point for the next 50
years of “NASA and the public.”

104. Slavko Splichal, “Why be critical?” Communication, Culture, and Critique 1, no. 1 (2008); 20-30.
105. Splichal, “Why be critical?” 29.
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Chapter 8

NASA Aeronautics

A Half Century of Accomplishments

Anthony M. Springer

NASA has actively promoted the widest practical dissemination of information
concerning its research, a policy that has led to the application for commercial
use of many of the technologies first derived from NASA research. Aeronautics
research did not begin in 1958 with the Agency’s formation. Instead, it was a
legacy of work transferred from the National Advisory Committee for Aeronautics
(NACA). The NACA supplied its rich traditions, cutting-edge facilities, and
experienced personnel to NASA’s organizational and scientific core.

In examining the accomplishments of the last half century, it is often uncertain
who first developed a technology, or even who developed a given technology.
In many cases there are no clear answers because different groups of people
and organizations were involved at different points along the way. Often the
research of one group served as a springboard to another, which then expanded
or adapted the research, leading eventually to a solution to the original problem.

Many technologies described here were derived in this fluid, organic, yet
still purposeful way. In many cases, even when NASA was not the first or
the end developer of a technology, the Agency contributed significantly to a
technology’s advancement and operational use. NASA-developed technology
or its derivatives can be found on every aircraft in the current United States
commercial and military aircraft fleets. This paper is a survey of accomplish-
ments in aeronautics by NASA and, in a few cases, the NACA that were made
over the last half century. It is by no means complete, but it is intended to give
the reader a foundational understanding of the broad range and significance
of these key technological accomplishments and what they contributed to
the advancement of flight.

183



NASA’s First 50 Years

Introduction: The NACA and NASA

NASA'’s aeronautics research has it roots in the NACA, which was formed in
1915 by the Navy Appropriations Act of 1915.

... That it shall be the duty of the [National] Advisory Committee
for Aeronautics to supervise and direct the scientific study of
the problems of flight, with a view to their practical solution,
and to determine the problems which should be experimentally
attacked, and to discuss their solution and their application
to practical questions.!

The NACA was created out of a need to improve United States aeronau-
tic capabilities and technology in response to the great advances made by
European countries and companies prior to and during World War I. During
these first decades of the 20th century, the United States was severely lacking
in the infrastructure and means to develop and produce its own advanced
aircraft. The United States government created the NACA to lead this research
effort. Forty-three years later, another worldwide event would lead to the
formation of the NACA’s successor—NASA. This major event was the launch
of the first artificial Earth satellite, Sputnik, by the Soviet Union (USSR) on
4 October 1957. The tiny spacecraft proved to be the catalyst for the United
States’ formation of a civilian agency to develop and operate a civilian United
States space program.

At President Eisenhower’s request, the NACA was tapped to form the
nucleus of the new agency:

I recommend that aeronautical and space science activities
sponsored by the United States be conducted under the direction
of a civilian agency . . . . The responsibilities for administering
the civilian space science and exploration program be lodged in
a new National Aeronautics and Space Agency, into which the
National Advisory Committee for Aeronautics would be absorbed
. ... The new agency would continue to perform the important
aeronautical research functions presently carried on by the NACA.?

1. PL. 271, 63rd Cong., 3rd sess., passed on 3 March 1915, 38 Stat. 930.
2. Statement by President Eisenhower, Hearings before the Select Committee on Astronautics and Space
Exploration, 85th cong., 2nd sess. on HR 11881, 15 April-2 May 1958.
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Additional assets were transferred to NASA over the next few years, includ-
ing the transfer of DOD assets such as the Development Operations Division
of the ABMA in 1960. The ABMA employed Dr. Wernher von Braun and his
German “Rocket Team” along with the core of the Army rocket program that
launched the first United States satellite, Explorer 1, after the initial failure of
the Vanguard program.

NASA officially came into being with the passage of the National Aeronautics
and Space Act of 1958. Signed by the President on 29 July 1958, it was “An
Act to provide for research into problems of flight within and outside the
earth’s atmosphere, and for other purposes.” The legislation stated that “The
aeronautical and space activities of the United States shall be conducted so
as to contribute materially to one or more of the following objectives: (1)
The expansion of human knowledge of phenomena in the atmosphere and
space; (2) The improvement of the usefulness, performance, speed, safety,
and efficiency of aeronautical and space vehicles . . . the term ‘aeronautical
and space activities’ means (A) research into, and the solution of, problems
of flight within and outside the earth’s atmosphere, (B) the development,
construction, testing, and operation for research purposes of aeronautical
and space vehicles, and (C) such other activities as may be required for the
exploration of space; . . . [and to] provide for the widest practicable and
appropriate dissemination of information concerning its activities and the
results thereof.”® This language would have significant impact on NASA’s
future activities in space—its primary realm of responsibility—and on aero-
nautics activities as well.

With the passage of this act, NASA began operations on 1 October 1958. But
the absorption of the NACA’s work did not magically happen overnight. The
NACA personnel and facilities had been involved in a number of far-reaching
projects prior to their transfer to NASA. This work was not arbitrarily stopped
but instead was transferred to NASA, where it grew into fruition. One of the
best-known projects was the X-15 research program.

Throughout its nearly 45-year existence, the NACA and its personnel
made numerous significant advancements to the field of aeronautics. A small
sample of these accomplishments included: the airfoil studies of the 1930s
that resulted in the NACA airfoils (4 and 6 Digit Series); the NACA cowling to

3. PL. 85-568, 72 Stat. 426. John M. Logsdon, ed., Exploring the Unknown. Selected Documents in the
History of the U. S. Civil Space Program, vol. 1, Organizing for Exploration (Washington, DC: NASA SP-
4407, 1995), pp. 334-335, available at hitp.//history.nasa.gov/series95.html.
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reduce drag; aircraft handling quality standards; icing research; NACA Report
1135, the “Standard Compressible Flow Handbook”; the “slotted throat” tran-
sonic wind tunnel; engine research; compressibility research; and support of
the X series of research aircraft from XS-1 in 1947, which broke the “sound
barrier,” to name a few.*

Aerodynamics

The swept-wing concept was originated by the German aerodynamicist Adolph
Busemann and presented at the fifth Volta Conference in 1935 in his paper
“Aerodynamic Lift at Supersonic Speeds.” In 1947, Busemann would be brought
to the United States under “Project Paperclip,” where he would work at the
NACA’s Langley.” Busemann’s highly mathematical paper introduced the idea
of sweeping a wing back to reduce its drag rise beyond the critical Mach
number. Many at the Volta conference, including Eastman Jacobs, Theodore
von Karman, and Hugh Dryden, didn’t realize the significance of the paper.
The German Luftwaffe would later classify swept-wing material in 1930; its
first production jet fighter, the ME262, used swept wings. Robert T. Jones at
Langley independently began research into wing sweep of missiles in sum-
mer 1944. Jones pursued the mathematical theory based on previous work
by Ludwig Prandtl and Max Munk. He completed his initial report in April
1945, but Langley management refused to publish it until it was verified. As
luck would have it, Jones’s theory would be experimentally validated that
summer both in flight through the use of models and by wind tunnel tests.
Results were widely distributed in 1946. Variable sweep was flight-tested on
the X-5 aircraft in 1951.°

4. Pamela E. Mack, ed., From Engineering Science to Big Science: The NACA and NASA Collier Trophy
Research Project Winners (Washington, DC: NASA SP-4219, 1998); Booz-Allen Applied Research
Inc., “A Historical Study of the Benefits Derived From Application of Technical Advances to Civil
Aviation,” Joint Department of Transportation (DOT)-NASA Civil Aviation R&D Policy Study, Volume |
Summary Report and Appendix A (detailed Case Studies) (NASA CR-1808), and Volume Il Appendices
B through | (NASA CR-1809), February 1971; Ronald Miller and David Sawers, The Technical
Development of Modern Aviation (New York, NY: Praeger Publishers, 1970); J. G. Paulisick, “R&D
Contributions to Aviation Progress (RADCAP) Volume 1: Summary Report,” August 1972, Department
of the Air Force (NASA-CR-129672); John D. Anderson, Jr., “The Airplane: A History of Its Technology”
(Reston, VA: AIAA 2002).

5. John D. Anderson, Jr., “A History of Aerodynamics and Its Impact on Flying Machines,” Cambridge
Aerospace Series (Cambridge, U.K.. Cambridge University Press, 1997), p. 400.

6. James R. Hansen, Bird on the Wing. Aerodynamics and the Progress of the American Airplane (College
Station, TX: Texas A&M University Press, 2004), pp. 97-100.

186



NASA Aeronautics

During the early 1950s, mul-
tiple factors converged to spur
NACA scientist Richard Whitcomb
into the creation of the “area rule”
theory. In 1950, the NACA had
developed the slotted throat wind
tunnel to enable transonic wind
tunnel testing, which had not
been possible up to that time. In
1951, Busemann, now at Langley,
made a presentation on transonic
flows in which he used for the first
time a “pipe fitters” analogy for
fluid dynamics. From this chain
of events, Richard Whitcomb sur-
mised that transonic disturbances
and shock waves produced by
aircraft were functions of the lon-
gitudinal variation of their cross-
sectional area. This theory resulted
in the “Coke-bottle” or wasp-waist
wing-body interface on aircraft.”

Figure 1: Richard Whitcomb, the NACA scientist who
developed the “area rule” theory. NASA Image [-89119

One of the most dramatic examples of the application of the area rule
was to the F-102 Delta Dagger in 1953. Whitcomb later developed anti-
shock, wing-mounted bodies on the Convair 990. Some also consider the

747 fairing part of his area rule work.® In 1954, Whitcomb received the

Collier Trophy. In the decades following, it has been acknowledged that

the basic theory behind the area rule was implied in 1947 in the doctoral

thesis of Wallace Hayes.’

Swept wings offer benefits at high speeds, but they result in stability and

control concerns at low speeds and at higher landing and takeoff speeds. Flight

7. Joseph R. Chambers, Concept to Reality: Contributions of the NASA Langley Research Center to U.S.
Civil Aircraft of the 1990s (Washington, DC: NASA SP-2003-4259, 2003), pp. 45-56.

8. John D. Anderson, Jr., “A History of Aerodynamics and Its Impact on Flying Machines,” Cambridge
Aerospace Series (Cambridge, U.K.. Cambridge University Press, 1997), pp. 413—-416.

9. Pamela E. Mack, ed., From Engineering Science to Big Science: The NACA and NASA Collier Trophy
Research Project Winners (Washington, DC: NASA SP-4219, 1998), pp. 135-148.
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testing of the Bell X-5 that began in June of 1951 was the first full-scale testing
of an aircraft that could change its wing sweep in flight.'°

The X-5 required an extremely intricate and heavy mechanism to move
the wing fore and aft along the fuselage to keep the aircraft within acceptable
limits of stability and control. The technology would lie dormant until about
1957, when the concept of a multimission military aircraft came into being
that required high-performance goals both at low speeds, which are best met
with a straight wing, and at high speeds, which are best met with a swept
wing. The breakthrough came during experimental testing in November 1958
that resulted in a method to overcome the instability and uncontrollability of
previous swept mechanisms. The idea was to move outboard the pivot points,
keeping the center section constant, and only sweeping the outboard sections
of the wings to keep the aircraft stable in both configurations. These solutions
led to the development of the F-111 and later use of swing wings on the F-14,
B-1, British Tornado, and U.S. SST concepts.™

During work on advanced subsonic aircraft, Whitcomb hypothesized that
the increase in drag-divergence Mach number from blowing through a slot
in the upper wing surface was caused by delayed shock-induced separation.
He envisioned a solution to this problem that could be applied to swept-wing
subsonic transport.

Research on this concept started in 1964, leading to the first supercriti-
cal airfoil. NASA and the U.S. Navy used a T-2C Buckeye trainer with a 17
percent chord thickness airfoil for the first flight test of the concept in 1969.
The results of the flight test validated the wind tunnel test, but the test con-
figuration had a number of drawbacks in aircraft performance and handling
characteristics. A more definitive test was needed than using the simple balsa
wing modification performed in the T-2C tests. NASA proposed replacing the
wing of an F-8C aircraft with that of a new, specially designed supercritical
wing. The first flight of the 86-flight program using the F8-C supercritical
wing was on 9 March 1971, with the last on 23 May 1973. Results from these
flight tests demonstrated the transonic cruise efficiency of the supercritical
wing and a potential theoretical increase of cruise Mach number for trans-
port aircraft from 0.82 up to 0.90. The results of these tests were reported
to industry in a classified conference in 1972. As stated in the conference

10. Jay Miller, The X-Planes: X-1 to X-45 (Surrey, U.K.: Midland Publishing, 2001).
11. James R. Hansen, Bird on the Wing: Aerodynamics and the Progress of the American Airplane (College
Station, TX: Texas A&M University Press, 2004), pp. 123-137.
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Figure 2: F-8 supercritical airfoil. NASA Image EC73-3468

summary: “The key F-8 supercritical wing results discussed in the earlier
papers may be summarized as follows: I feel the overall performance goals
of Richard T. Whitcomb, as demonstrated by delayed drag-rise Mach number
and a relatively high lift coefficient for the onset of significant separation,
have been achieved.”'? Supercritical wings are now used on most military
and commercial aircraft."

The concept of a winglet, or a surface at the end of a wing to increase per-
formance, originated with the work of F. Nagel at McCook Field (now Wright-
Patterson Air Force Base) in 1924. Frederick W. Lanchester of England patented
the endplate concept in 1897, but it was not a functional solution at the time.'*

12. NASA Flight Research Center, Supercritical Wing Technology: A Progress Report on Flight Evaluation
(Washington, DC: NASA SP-301, 1972), p. 122.

13. Joseph R. Chambers, Concept to Reality: Contributions of the NASA Langley Research Center to U.S.
Civil Aircraft of the 1990s (Washington, DC: NASA SP-2003-4259, 2003), pp. 7—20.

14. James R. Hansen, Bird on the Wing: Aerodynamics and the Progress of the American Airplane (College
Station, TX: Texas A&M University Press, 2004), p. 199. Nagel’s work is in Memo Ref 130, “Wings with
End Plates.”
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NACA scientist Richard Whitcomb, inspired both by an article in Science
magazine about how soaring birds used tip feathers for control and by past
research by other scientists, started analyzing the flow around wingtips in
the early 1970s. He later theorized that a winglet or endplate at the wingtips
extending above and/or below the wing could reduce the trailing vortex and
thus drag. Using the 8-foot wind tunnel at Langley, he and his team performed
experimental testing from 1974 through 1976. The design approach for the
winglet was published in 1976. Understanding the possible benefits of this
technology, NASA and the United States Air Force performed flight tests on
a modified KC-135 aircraft between 1979 and 1980. The KC-135 was a good
stand-in for a commercial transport aircraft. Today, winglets are used on a
number of commercial aircraft from business jets to the large Boeing 747."

Weather Hazards Research and the Airspace System

For more than 50 years, NASA and its predecessor institution have performed
research related to the safety of aircraft. It took many forms during the NACA
and NASA eras, from better understanding and predicting the fundamental
science involved in weather phenomena such as lightning and ice formation
to mitigating hazards caused by wind shear and wet pavement. Each technol-
ogy or knowledge base evolved from analytic models and studies through
ground tests and actual flight testing to validate the models, thereby gaining
the real-world data required to improve the safety of aircraft and their crews
in the air and on the ground.

Beginning in the 1950s, traction problems associated with wet airport
runways became even more worrisome with the introduction of jet aircraft and
their high takeoff and landing speeds. The powerful aircraft were more difficult
to control on wet runways as compared to their piston engine counterparts.

In 1954, the NACA Langley Landing Loads Track facility went into operation to
help find a solution to this problem. NASA and the Federal Aviation Administration
(FAA) conducted joint studies on hydroplaning during the late 1950s and early
1960s. NASA researchers studying the hydroplaning problems for aircraft and
land vehicles now attempted to find a practical solution to the skidding problem.

15. Joseph R. Chambers, Concept to Reality: Contributions of the NASA Langley Research Center to U.S.
Civil Aircraft of the 1990s (Washington, DC: NASA SP-2003-4259, 2003), pp. 35—44; Maurice Allward,
“Wingtip Technology,” The Putnam Aeronautical Review 1 (May 1989): 39—-44; Richard T. Whitcomb, “A
DESIGN APPROACH AND SELECTED WIND-TUNNEL RESULTS AT HIGH SUBSONIC SPEEDS FOR WING-
TIP MOUNTED WINGLETS” (Washington, DC: NASA TN D-8260, July 1976).
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Researchers proved that cutting thin grooves across concrete runways
created channels that would drain excess water from runway surfaces and
reduce the risk of hydroplaning. (The British first tested runway grooves in
England in 1956.) In 1962 and 1964, NASA tested the groove concept on the
Langley Landing Loads Track facility, now named the Landing Dynamics Facility.
Promising results from the tests led to a government industry conference.

In 1965, NASA initiated a study of commercial aircraft skidding incidents,
which revealed the root causes of hydroplaning—viscous skidding and
reverted-rubber skidding. Then NASA, in cooperation with the FAA, undertook
a systematic study of grooving configurations and the process of grooving,
including groove durability using a set of test patterns at a number of airfields
throughout the United States. These studies resulted in a wealth of knowledge,
both theoretical and practical, for airports, including standards for hydroplan-
ing and slush drag equations.'

From this relatively simple solution, airports around the world today have
safety-grooved surfaces, and all 50 of the United States have grooved portions
of some of their main highways. The technology has been shown to restore
wet friction performance to worn or smooth pavement surfaces and to extend
their service lifetime by 5 to 10 years, resulting in significant maintenance
cost savings. In 1966, a two-year study of grooved highways revealed that the
grooves resulted in a 98 percent reduction of accidents.

Friction testing using a variety of vehicles and groove patterns contin-
ued into the 1980s. In 1968, the runway at NASA Wallops Flight Facility was
grooved, and evaluations were made of the effectiveness of grooved runway
surfaces for safer wet pavement landings using highly instrumented vehicles
and runways. In the mid-1980s, tests were performed on 12 different concrete
and asphalt runways, grooved and nongrooved, including dry, wet, snow, slush,
and ice-covered surface conditions. Over 200 test runs were made with two
transport aircraft, and over 1,100 runs were made with different ground test
vehicles. The results of these tests showed the best configurations of grooves
for specific sets of conditions.!”

Starting in the late 1970s and through the 1980s, NASA studied lightning
strikes and their potential threat to aircraft structures, avionics, and control
systems. The program began by focusing on identifying the characteristics of

16. NASA LaRC, Pavement Grooving and Traction Studies (Washington, DC: NASA SP-5073-1969).
17. Joseph R. Chambers, Concept to Reality: Contributions of the NASA Langley Research Center to U.S.
Civil Aircraft of the 1990s (Washington, DC: NASA SP-2003-4259, 2003), pp. 199-208.
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lightning and then expanded its scope to the acquisition of aircraft flight data
during lightning strikes.

NASA conducted research and flight tests to collect the first comprehensive
data on intracloud lightning strikes and the effects of in-flight strikes. A special
lightning-protected F-106B aircraft was used for the in-flight strike data. During
the flight program of almost 1,500 storm penetrations, the aircraft was struck
over 700 times, resulting in an extensive database on lightning effects on both
metallic and composite structures, aircraft systems, and the characterization of
lighting and when it is most likely to occur. This NASA-developed knowledge
base is used to improve standards for protection against lightning for aircraft
electrical and avionics systems.'®

From the 1980s through the 1990s, NASA partnered with the FAA and the
airline industry to approach the safety issue of wind shear, which is the violent
downdraft of air that often forms with thunderstorms that can drive even the
largest airliner into the ground if the downdraft occurs close to takeoff or landing.

First, the research team identified the unique characteristics of this haz-
ard—the signature headwind, downdraft, and tailwind—and how these three
components might affect a particular aircraft. The tests led to a detailed under-
standing of microburst and wind shear hazards. The resulting technology base
led to the manufacture of airborne remote sensing technology that looks ahead,
providing the ability to predict wind shear situations before encountering them.
This forward view allows pilots ample time to avoid, rather than react to, wind
shear hazards; airborne wind shear detection was born.

Finally, NASA aided in the creation of flight management systems, develop-
ing standard operational procedures for pilots to follow to minimize danger if
trapped in a wind shear scenario."

Over the decades, NASA has developed a number of air traffic management
simulation tools. Beginning in 1991, NASA and the FAA developed the Center
Terminal Radar Approach Control (TRACON) Automation System (CTAS).*
The CTAS is a suite of three software tools that generates new information for
air traffic controllers. These tools are 1) Traffic Management Advisor (TMA),

18. Ibid., pp. 173-184.

19. Ibid., pp. 185—198.

20. Heinz Erzberger, “Design Principles and Algorithms for Automated Air Traffic Management,” Mission
Systems Panel of the Advisory Group for Aerospace Research and Development (AGARD) and the
Consultant and Exchange Program of AGARD, Madrid, Spain, 6—7 November 1995, published in LS-
200; Dallas G. Denery and Heinz Erzberger, “The Center-TRACON Automation System: Simulation and
Field Testing” (Washington, DC: NASA TM-110366, August 1995).
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software created to forecast arriving air traffic to help controllers plan for safe
arrivals during peak periods; 2) Descent Advisor (DA), software that generates
clearances for en-route controllers handling arrival flows to metering gates;
and 3) Final Approach Spacing Tool (FAST), software that provides terminal
area controllers with heading and speed advisories for good spacing of aircraft
on final approach courses.

The TMA was designed and developed by NASA and the FAA to automate
workload. “The TMA is a time-based strategic planning tool that provides Traffic
Management Coordinators and En Route Air Traffic Controllers the ability to
efficiently optimize the capacity of a demand-impacted airport. The TMA con-
sists of trajectory prediction, constraint-based runway scheduling, traffic flow
visualization and controller advisories.”” The TMA was evaluated in 1996 at
the Fort Worth Air Route Traffic Control Center (ARTCC). The resulting data
showed a 1- to 2-minute delay reduction per aircraft during peak periods. En
route controllers felt the tool reduced their workload and increased their job
satisfaction. The TMA was left in place at the Fort Worth ARTCC after the tests
and is in daily operation.

During the 2000s, two tools were developed to support air traffic manage-
ment, including the Surface Management System (SMS) tool** and the Future
Air traffic management Concepts Evaluation Tool (FACET).? “SMS is a decision
support tool that provides information and advisories to help FAA controllers
and traffic managers as well as National Airspace System users to collabora-
tively manage aircraft on the surface and in the terminal area of busy airports.
SMS has three fundamental capabilities: 1) the ability to predict the movement
of aircraft on the airport surface and in the surrounding terminal area; 2) the
ability to use this prediction engine to plan surface operations; and 3) the
ability to disseminate this information and provide appropriate advisories to

21. Harry N. Swenson, Ty Hoang, Shawn Engelland, Danny Vincent, Tommy Sanders, Beverly Sanford, and
Karen Heere, “Design and Operation Evaluation of the Traffic Management Advisor at the Fort Worth Air
Route Traffic Control Center,” 1st U.S.A./Europe Air Traffic Management R&D Seminar (Saclay, France,
17-19 June 1997).

22. Stephen Atkins, Yoon Jung, Christopher Brinton, Laurel Stell, Ted Carniol, and Steven Rogowski, “Surface
Management System Field Trial Results,” AIAA 4th Aviation Technology, Integration and Operations
Forum (Chicago, IL: AIAA 2004-6241, 20-22 September 2004).

23. Karl Bilimoria and Banavar Sridhar, “FACET: Future ATM Concepts Evaluation Tool,” 3rd U.S.A./Europe
Air Traffic Management R&D Seminar (Napoli, Italy, 13—16 June 2000); Banavar Sridhar, Kapil Sheth,
Philip Smith, and William Leber, “Migration of FACET From Simulation Environment to Dispatcher
Decision Support System,” 24th Digital Avionics Systems Conference, 30 October 2005.
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Figure 3: FACET. NASA

a variety of users.”? In general, SMS software provides controllers with data
to know when aircraft arrive on the ground or at the gate. NASA and the FAA
field-tested the SMS concept at Memphis International Airport during late 2003
and early 2004, which proved to be successful.

To improve traffic flow across the United States, FACET maps thousands of
aircraft trajectories. The tool was originally developed as a simulation and analy-
sis tool “to provide a simulation environment for exploration, development and
evaluation of advanced Air Traffic Management concepts.”” As FACET evolved, its
uses have increased to a state where FACET is being additionally developed as an
air traffic management decision tool for dispatchers at airline operations centers.*

24. Atkins, Jung, Brinton, Stell, Carniol, and Rogowski, “Surface Management System Field Trial Results,”
AIAA 4th Aviation Technology, Integration and Operations Forum (Chicago, IL: AIAA 2004-6241, 20-22
September, 2004).

25. Karl Bilimoria and Banavar Sridhar, “FACET. Future ATM Concepts Evaluation Tool,” 3rd U.S.A./Europe
Air Traffic Management R&D Seminar (Napoli, Italy, 13—16 June 2000).

26. Banavar Sridhar, Kapil Sheth, Philip Smith, and William Leber, “Migration of FACET From Simulation
Environment to Dispatcher Decision Support System,” 24th Digital Avionics Systems Conference, 30
October 2005.
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Aircraft Control

During the 1970s, a number of factors came together that led to the development
of a dramatically improved aircraft cockpit that would use flat panel digital displays
instead of dials and gauges. Two of these factors were flightworthy cathode-ray
tube screens and the increased complexity of the aircraft. The resulting increased
number of displays required to provide information were competing for both
physical space and pilot attention. The new “glass” instruments gave the cockpit
a distinctly different look and suggested the name “glass cockpit.”

NASA, working with Boeing and Rockwell Collins, developed and tested
electronic flight display concepts, culminating in a series of flights to demonstrate
a full glass cockpit system using a NASA Boeing 737 aircraft. The demonstrations
showed that a glass cockpit increased safety by reducing pilot workload while
maintaining situational awareness. The glass cockpit was introduced commer-
cially on the Boeing 767 in 1982. Today, glass cockpits are used on commercial,
military, and general aviation aircraft, as well as on NASA’s Space Shuttle fleet.”

The F-8 digital fly-by-wire flight research project validated the principal
concepts of an all-electric flight control system. As electronics evolved in the
1960s, so did the concept of electronic controls. Neil Armstrong, then Deputy
Associate Administrator of aeronautics at NASA, approved the program in 1970.
The goal of the program was to have an electronic flight control system coupled
with a digital computer to replace conventional mechanical flight controls. A
modified F-8C Crusader served as the test bed for the fly-by-wire technologies.
Phase I of the program used a computer from an Apollo spacecraft Command
Module. The first flight of the 13-year project took place on 25 May 1972, with
the last flight on 16 December 1985, for a total of 211 flights.

The electronic fly-by-wire system replaced older hydraulic control systems,
freeing designers to design aircraft that would have increased maneuverability
but also would be inherently less stable. Increased control provided by the
fly-by-wire system allowed designers to compensate for this instability.® The
F-8 digital fly-by-wire system became the forerunner of current fly-by-wire
systems used in the Space Shuttles and on today’s military and civil aircraft to
make them safer, more maneuverable, and more efficient.

27. Joseph R. Chambers, Concept to Reality: Contributions of the NASA Langley Research Center to U.S.
Civil Aircraft of the 1990s (Washington, DC: NASA SP-2003-4259, 2003) pp. 157—160.

28. James E. Tomayko, Computers Take Flight: A History of NASA's Pioneering Digital Fly-By-Wire Project
(Washington, DC: NASA SP-2000-4224, 2000); James E. Tomayko and Christian Gelzer, “The Story of
Self-Repairing Flight Control Systems” (Edwards, CA: NASA Dryden Historical Study No. 1, October 2003).
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Supersonic and Hypersonic Flight

High-speed flight has been a quest since the earliest days of flight. From the
NACA’s early work on supersonic flight and on breaking the sound barrier, to
later work on the vehicles and technologies required to achieve flight at many
times the speed of sound, NASA has pushed the limits of flight to hypersonic
levels, greater than five times the speed of sound,?” and is looking to make
commercial supersonic flight viable.

Since World War II and the original XS-1 program, exploring high-speed
or supersonic flight had been a goal of the NACA and NASA. During various
programs, NASA has used high-speed aircraft—A-12s, YF-12s, and SR-71 air-
craft—to study the phenomena of sonic booms and ways to reduce sonic boom
overpressures, the sharp “thunderclap” sound heard on the ground when an
aircraft exceeds the speed of sound.

Two relatively recent programs aimed at the active reduction of the sonic
boom were the Shaped Sonic Boom Demonstrator (SSBD) program, led by the
Defense Advanced Research Projects Agency, and its follow-on Shaped Sonic
Boom Experiment (SSBE) and Quiet Spike program, led by NASA. Each of the
concepts explored in these efforts shows promise, but, as of this publication,
neither has been implemented on commercial or military aircraft.

The goal of the SSBD and SSBE programs was to demonstrate in flight
that incorporating specialized aircraft shaping techniques could substantially
reduce sonic booms. The idea of shaping an aircraft to reduce the sonic boom
was theorized decades ago but never flight-tested. The concept was successfully
demonstrated in flight on 27 August 2003. Pressure measurements obtained
on the ground and in the air confirmed that modifications made to an F-5E
research aircraft not only changed the