HAYM BENAROYA

TURNING DUST
TO GOLD :

Building a Future on
the Moon and Mars




Turning Dust to Gold

Building a Future on the Moon and Mars







Haym Benaroya

Turning Dust to Gold

Building a Future on the Moon and Mars

R Published in association with ~
@ Springer  Praxis Publishing PR@

Chichester, UK



Professor Haym Benaroya

Rutgers University

Department of Mechanical and Aerospace Engineering
Piscataway

New Jersey

UsSA

SPRINGER-PRAXIS BOOKS IN SPACE EXPLORATION
SUBJECT ADVISORY EDITOR: John Masen, M.B.E., B.Sc., M.Sc., Ph.D.

ISBN 978-1-4419-0870-4 Springer-Verlag Berlin Heidelberg New York
Springer is part of Springer-Science + Business Media (springer.com)
Library of Congress Control Number: 2009939419

Apart from any fair dealing for the purposes of research or private study, or criticism
or review, as permitted under the Copyright, Designs and Patents Act 1988, this
publication may only be reproduced, stored or transmitted, in any form or by any
means, with the prior permission in writing of the publishers, or in the case of
reprographic reproduction in accordance with the terms of licences issued by the
Copyright Licensing Agency. Enquiries concerning reproduction outside those terms
should be sent to the publishers.

@© 2010 Praxis Publishing Ltd, Chichester, UK

The use of general descriptive names, registered names, trademarks, etc. in this
publication does not imply, even in the absence of a specific statement, that such
names are exempt from the relevant protective laws and regulations and therefore free
for general use,

Cover design: Jim Wilkie
Project copy-editor: Rachael Wilkie
Author-generated LaTex, processed by EDV-Beratung, Germany



Contents

Foreword ............... e X

Preface .. ... . XI

Acknowledgements ...... ... .. ... . ... XV

Dedication. ... ... ... e XVII

1 Gowest..settlespace ........... ... ... .. ... .. ..., 1

1.0.1 Bush 2004 speech ... o i e 1

1.0.2 Kennedy 1961 speech . ....... ... i 8

1.0.3 A positive view of space .. .. ... ... i i 23

1.1 The epic vision of and forspace ......... ... ... . 33

1.1.1 The nature of complex technical projects ................ 36

1.1.2 Chief Executive Timoshenko .. ......... ... ... ... ...... 36

1.2 UOtEs - o e 41

2 A short retrospective of our recent history in space........... 43
2.0.1 An historical interview with Heinz-Hermann Koelle

(Jamary 2008) . ..o 61

2.0.2 An historical interview with Jack Crenshaw (July 2009) ... 67

2.1 The National Space Society .. ... oot i i e 78

2.2 The American Institute of Aeronautics and Astronautics ........ 81

23 QUOTES oottt e 84

3 Bootstrapping a lunar civilization.......... ... .. ... ... ..., 87

3.01 Whygotothe Moon?. ... ... .. ... . i 88

3.0.2  An historical interview with Marc Cohen (June 2009) ... .. 91

3.1 Three-sector model for lunar economy . ............coovnn.. .. 97

3.1.1 Relation to Mars development: Moon-first strategy ....... 100

3.2 Dual-use technologies as a financial model for lunar development . 102

3.2.1 The new paradigm {circa 2000) ....... ... ... .......... 103

3.2.2 Paths to lunar development {circa 2000 - continued) ... ... 105

3.2.3 Afterthought. ... ... oo 107

3.3 On the chances and limits of lunar development (2008} .......... 108

3.3.1 Lunar development model ........ ... ... ... ... ........ 108

3.3.2 Lunaroutpost ... ... .. e 110



VI

Contents

3.3.3 Lunarlaboratory ........... ... ... . . 111
3.34 Lunarsettlement .............. ... .................... 113
3.3.5 Model of a lunar settlement in summary ................ 115
3.3.6 The logistics system serving a lunar settlement ........... 116
3.3.7 Financial prospects of lunar tourism .................... 118

3.4 Possible economically viable activities on the Moon and in lunar
oLt L oL 119
3.4.1 Lunar resources as a driver to lunar development ......... 125
3.5 Prices and sales potential of lunar products and services (2008) .. 126
3.51 Introduction ........ ... . . . . . . 126
3.5.2 Relative importance of lunar products and services ......, 127
3.5.3 Estimating prices of lunar products and services.......... 128
3.5.4 Prospects of selling lunar products and services .......... 130
3.6 Space law ... 131
37 And water ... ... 133
3.8 SUImMINAry . .. oo 134
3.9 Tables of Dual-Use Technologies .. ......... ... . ..., 134
Extraterrestrial tourism .......... ... ... ... .. ... .. .. ... ... 143
4.1 Earth orbital tourism ......... ... ... .. ... ... . 144
4.2 Lunar tOUriSsIm .. ..o 145
4.2.1 An historical interview with Patrick Collins (May 2008) ... 148
422 Lunar sports..........iiii i 150
4.2.3 Also 88X . 153
A3 QUOTOS . e 154
Lunar bases ............. . i it 157
5.1 Lunar architecture........ .. ... .. . . .. ... 158
5.1.1 An historical interview with Brent Sherwood (March 2009) 160
5.2 The Moon, then Mars. ....... ... ... . . . . .. ... . . . .. ... 165

5.2.1 Framework for understanding the engineering of a manned
trip te Mars (early 21st century) ....................... 165
5.2.2  An historical interview with Brand Griffin (October 2008) . 168
3.3 The Environment . . ... ... 173
3.4  Early structural concepts .. ..... ... 177
5.4.1  Coustraints on the design of lunar structures. ............ 177
5.5 Concrete and Lunar Materials. ............ ... ... ............ 193
56 Lavatubes ...... ... 195
5.7 Soil mechanics . ... . 197
5.8 Materials is8U68 .. .. ... e 198
5.9 Radiation shielding concepts ........... ... ... .. ... ... . ... .. 200
5.9.1 Active and passive shielding .............. .. .......... 201
5.10 Risk and reliability . ... .. ..o 203
5.11 Building systems ... ... it 208
5.11.1 Types of applications .......... ... .. ccviiiiivinnun.. 208

5.11.2 Application requirements . ............ .. ... ... . ...... 209



Contents VII

511.3 Typesof structures ...............oo ... 209
3.11.4 Material considerations . ...... ... .. ... ... ... .. ... 210
5.11.5 Structures and technology drivers ...................... 211
5.11.6 Requirement definition/evaluations ..................... 211
5. 12 UOtes . .o e 212
An early design and its construction .......................... 213
6.0.1  An historical interview with Neil Armstrong (March 2009). 213
6.1 An-early design (2004) ........ ... .. 215
6.1.1 Preliminary considerations. ....... ... .o i i 216
6.1.2 Internal and external forces. ..o oo o o 218
6.1.3 Structural considerations ......... ... ... o i 221
6.2  QUOTES . .ot e 236
ISRU for construction ............ .. ... ... ... i, 237
7.0.1 An historical interview with William Siegfried (May 2009) . 237
Tl In s7fu TESOULCES ..o o i e e e et e 240
7.2 Autonomous construction ........... ... e 241
7.2.1 Lunar surface habitats ........... ... ... ... ... ... .. ... 241
7.2.2  An historical interview with Kris Zacny (July 2009) ...... 246
7.3 Comet and asteroid mining and living . .. ........... ... ... ... 251
74 Tunar concrete .. ... e 253
7.5 In situ lunar telescopes. ... oo o 266
7.6  Lunar ISRU for Martian structures ........................... 259
T QUOtes . o 260
Biological issues ... .. .. 263
8.1 Human physiology ... ... i e 263

8.1.1 An historical interview with James Logan (February 2008). 263
8.1.2 An historical interview with Willilam Rowc {April 2009) ... 269

81.3 Lunardust ...... ... i e 273
8.2 Human Psychology ....... .. ..o e 275
8.2.1 An historical interview with Sheryl Bishop {(January 2009). 276
83 Theroleof plants ... .. i i i 281
8.3.1 An historical interview with Robert Ferl {July 2009) ... ... 283
B QUOtES . ot e 286
Getting there . ... ... ... ... 289
9.0.1 An historical interview with Lee Morin (May 2009) ....... 290
91 RocKets ..o e 294
9.2 Space muclear POWCT ... ..ot e 296
9.3 Thespaccelevator...... ... .o 301
9.3.1 Possibleproblems ....... ... .. ... .. ... 308
9.3.2  An historical interview with Jerome Pearson (May 2009) .. 310
9.3.3 Otherspaceelevators ... i 318

04 QUOTES . oo ettt e 319



VIII  Contents

10 Science and commerce ............. ... . i 321

10.0.1 An historical interview with Alan Hale (Jan 2009) ...... .. 321

10.0.2 An historical interview with David Livingston (March 2009) 334

10.1 Space S0lar POWEE ... oottt et et e 337

10.2 Implications for investors and entrepreneurs ................... 342

10.3 QUOTES . .\t e et e e e 343

11 Additional visions .............. i 345

11.1 Russiam COMCEPES . .o oottt et et ns 345
11.1.1 An historical interview with Vladislav Shevchenko (June

200 346

11.2 Japanese COMCEPES .. ... i e 356

11.2.1 An historical interview with Hiroshi Kanamori (April 2009) 356

L13 Quotes ..o e 364

12 Mars 2034—2169 ... ... . . e 365

12.1 The Martian environment . ................... ..o .. 367

12.2 Habitats . ... e 373

12.2.1 ISRU Mars base design ......... ... oo i it 375

123 QUOLES . oot e e e e 381

13 Issues for the next generation ................ ... .. .......... 383

13.1 Environmental Issues on the Moon and Mars................... 383

13.2 Principles of a spacefaring civilization .. ............ .. ... ... 388

13.3 Ethical Codes and Treaties ...... ... ... ... ... oo, 390

13.4 Indcpendence for the colonies ... ... ... ... L. 393

13.5 Final thoughts: Yerah Timoshenko......................... ... 393

13.5.1 J.F.K. at Rice University ......... ... .. ... o oo 394

13.6 Chronological summary .................. . ... 398



Foreword

The goal of this book is to demonstrate that expanding our civilization to the
Moon and beyond is not beyond our reach, intellectually or financially. Apollo was
not our last foray into the Solar System. Seience fiction, as good as some of it is,
will have a difficult time staying ahead of science and engineering fact. However,
this book is intended to be more than purely a technical manual. Space is not, nor
should it be, only of interest to aerospace engineers and cosmologists. Space needs
to be of interest and of concern to all of us. It is the world’s West, as in Go West for
new opportunities for freedom and limitless growth. What I hope to demonstrate
to you is that not only can we go back to the Moon to stay, but that we must do
so. And not only for esoteric reasons, but for many reasons, some mundane, but
most related to our and our children’s continued prosperity, and to our continued
survival as a species.

Space, whether we or our children live in it or on the Moon or Mars, will be
important to all of us because of the resources it will open for our industrial societies
and for the markets it will create. It would be difficult to imagine the United States
as a world power if its western border was the Mississippi River. Would a North
American continent of several dozen independent states modeled after Western
Europe have been able to resist the totalitarian attacks that occurred in the 20th
century? Alone, neither Europe nor Asia was capable.

The expansion of the hest Earth has to offer in science and culture to the
Moon, then Mars, and eventually the Solar System, can only strengthen humanity’s
core positive achievements: democracy, individual rights, equal opportunities for an
individual’s achievements, and all that is inherent and is based on these being in
place.

This book is written from the perspective of a future observer, more than
150 years into the future, and some of the narratives based on a fictitions group
of documents discovered in an old repository that chronicled the settlement of the
Moon during the last half of the 21st century and first half of the 22nd century. In
order to make the documents more connected and interesting to the casual reader,
they have been weaved into a chronological storyline meant to trace the early days
of the human return to the Moon with the aim of permanent settlement.

The interviews in this book are real and original.
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This bocok is an historical work based on a group of documents discovered in an
old repository that chronicled the settlement of the Moon during the last half of
the 21st century and into the 22nd century. There are gaps in the historical record
for reasons that I won’t get into here, so we have had to guess how we went from
“point a” to “point ¢” without any detailed information about “point 4.” In order
to make the documents more connected and interesting to the casual reader, I,
Yerah Timoshenko, have tried as best as I can to weave the issues and concerns of
an emerging spacefaring civilization into a coherent perspective. I have focused on
the early days of the human return to the Moon with all its trials and tribulations. I
am very pleased to have been able to include a good number of historical interviews
with a cross-section of people who played a role in humanity’s struggle into space.
More about me and what I do later in the book.

The return to the Moon oceurred at a time of great turmoil on Earth, especially
the decades-long war on terrorism. Also, even though the economies of the larger
countries were growing and successful, there were constant philosophical and real-
world battles about the spending of scarce resources. Debt, both national and
personal, was high and growing higher with no end in sight. As is common, most
people were focused on the day-to-day activities and events that directly impacted
their lives.

The early 21st century was heavily politicized, with all problems and all politics
reduced to black and white. One was either on one side of the fence or the other.
Those who recognized the gray aspects of reality usually ended up impaled on the
fence that separated the camps. It was a time when democracy was spreading, but
terrorism was also global. Mankind was making tremendous progress in the sciences
and engineering, and the biological sciences were on the verge of breaking through
to a deep understanding of the human body and the underiying causes of deadly
diseases.

Many nations were once again interested in manned space travel. Rockets were
the only way to bring large payloads and people into low Earth orbit and beyond. It
was tremendously expensive but also the only option at the time. Space elevators,
while studied and believed to be feasible, had not yet been prototyped and tested
in the Earth-space environment. As we know now, the massive development of the
space elevators led to a thousandfold increase in space activities by the early 22nd
century.

Many of us are reminded of the California Gold Rush that began on 24 January
1848 when gold was discovered at Sutter’s Mill in Coloma, California, now in the
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Sacramento area. That news spread worldwide by the end of 1848, resulting in
about 300,000 people coming to California over the next several years. The Rush
converted San Francisco from a tent town to a small city, pushing the admission
of California as a state in 1850. In the same way, once space elevator prototypes
proved the technology viable, full-scale versions were built in orbit around Earth
and here in orbit around the Moon.

After that, there was no stopping the flow of goods and people. The floodgates
had been opened.

A NEW AND MAGNIFICENT CLYPPER FOR BAN FRANCISCO.
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The California Clipper takes you to the California Gold Rush, February 1849.

Our transformation into a spacefaring species occurred in spurts. In the 1960s
and 1970s we sent people to the Moon for short visits, and then we gave up on
that. Then in the 1980s through the 2010s we sent people into low Earth orbit to
build a space station. Somewhere around that time people in several of the more
technologically advanced countries decided that it was time to rebuild the space
effort with an eye to the permanent settlement of the Solar System, first the Moon,
then Mars, and then — well then depended on how successful we were at the first
two steps. But so far, in 2169, we have thousands of people on dozens of bodies in
the Solar System.

We worked steadily at getting humans and machines into space and to the
Moon. We always knew we could do it — what we did not know was whether the
political support could be borne over such long time periods. So we started out as
turtles with rockets, but ended up as hares with elevators. The rest is history.

This book is a commemorative ag well as a selective accounting of some of the
key events that punctuated our short history in space. It is published in 2169, two
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hundred years after the first men landed on the Moon. There are discussions of
some of the technical and other issues that were of great concern — some of which
arc still baffling our pioneers today.

So this story is a snapshot of how all that we see today, on the Moon, Mars,
and beyond, evolved.
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1 Go west ... settle space

“Beautiful, beautiful. Magnificent desolation.”

Buzz Aldrin

In the year 2169, as we commemorate the 200th anniversary of humans landing on
the Moon in 1969, we try to imagine how difficult it was during the early part of
the last century as proponents of manned space travel and space settlement found
themselves regularly discouraged by the progress they were witnessing. After all,
only a few viewed space as a critical avenue for human creativity. It was viewed by
many as a “special interest” for those who would find financial benefits as a result
of manned space activity.! At that time, many problems existed on Earth (when
was this not true!l). Therefore, many preferred to minimize public expenditures for
NASA and space in the U.S. Many teenagers had no interest in a return to the
Moon, and roughly a quarter thought that the Apollo landings were faked!

Some of that thinking changed as a result of 43rd U.S. President George W.
Bush’s 14 January 2004 specch challenging and charging the U.S. to return to the
Moon, to stay, as a first step in mankind’s expansion to Mars and the remainder
of the Solar System. His speech: New Vision for Space Exploration Program, given
at NASA Headquarters, Washington, D.C. is presented below. This speech can be
viewed as a turning point in the world’s view on space exploration and settlement.
Subsequently, the European Union, China, Japan and Russia, all committed their
nations and organizatious to a manmned return to the Moon. Unfortunately, funding
levels did not match the boldness of the vision.

1.0.1 Bush 2004 speech

President Bush: Thanks for the warm welcome. I'm honored to be with the men
and women of NASA. 1 thank those of you who have come in person. I welcome
those who are listening by video. This agency, and the dedicated professionals who
serve it, have always reflected the finest values of our country — daring, discipline,
ingenuity, and unity in the pursuit of great goals.

1No one who worked in space and acrospace was viewed as a neutral party in support-
ing a manned return to the Moon. They were viewed as a special interest rather than as
an educated participant and supporter of one of the greatest adventures of humanity!
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America is proud of our space program. The risk takers and visionaries of this
agency have expanded human knowledge, have revolutionized our understanding
of the universe, and produced technological advances that have benefited all of
humanity.

Fig. 1.1 President George Bush presenting his New Vision for Space Exploration Pro-
gram. 14 January 2004. (Courtesy NASA)

Inspired by all that has come before, and guided by clear objectives, today we
set a new course for America’s space program. We will give NASA a new focus and
vision for future exploration. We will build new ships to carry man forward into
the universe, to gain a new foothold on the Moon, and to prepare for new journeys
to worlds beyond our own.

1 am comfortable in delegating these new goals to NASA, under the leadership
of Sean O'Keefe. He's doing an excellent job. I appreciate Commander Mike Foale’s
introduction — I'm sorry I couldn’t shake his hand. Perhaps, Commissioner, you'll
bring him by -~ Administrator, you’ll bring him by the Oval Officc when he returns,
so I can thank him in person.

I also know he is in space with his colleague, Alexander Kaleri, who happens
to be a Russian cosmonaut. I appreciate the joint efforts of the Russians with our
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country to explore. I want to thank the astronauts who are with us, the coura-
geous spacial entrepreneurs who set such a wonderful example for the young of our
country.

And we've got some veterans with us today. I appreciate the astronauts of
vesterday who are with us, as well, who inspired the astronauts of today to serve
our country. I appreciate so very much the members of Congress being here. Tom
Delay is here, leading a House delegation. Senator Nelson is here from the Senate.
I am honored that you all have come. T appreciate you're interested in the subject —
it is a subject that’s important to this administration, it’s a subject that’s mighty
important to the country and to the world.

Two centuries ago, Meriwether Lewis and William Clark left St. Louis to explore
the new lands acquired in the Louisiana Purchase. They made that journey in the
spirit of discovery, to learn the potential of vast new territory, and to chart a way
for others to follow.

America has ventured forth into space for the same reasons. We have under-
taken space travel because the desire to explore and understand is part of our
character. And that quest has brought tangible benefits that improve our lives
in countless ways. The exploration of space has led to advances in weather fore-
casting, in communications, in computing, search and rescue technology, robotics,
and electronics. Our investment in space exploration helped to create our satellite
telecommunications network and the Global Positioning System. Medical technolo-
gies that help prolong life — such as the imaging processing used in CAT scanners
and MRI machines — trace their origing to technology engineered for the usc in
space.

Our current programs and vehicles for exploring space have brought us far
and they have served us well. The Space Shuttle has Hown more than a hundred
missions. It has been used to conduct important research and to increase the sum
of human knowledge. Shuttle crews, and the scientists and engineers who support
them, have helped to build the International Space Station.

Telescopes — including those in space — have revealed more than 100 planets in
the last decade alone. Probes have shown us stunning images of the rings of Saturn
and the outer planets of our Solar System. Robotic explorers have found evidence
of water — a key ingredient for life — on Mars and on the moons of Jupiter. At
this very hour, the Mars Exploration Rover Spirit is searching for evidence of life
beyond the Earth.

Yet for all these successes, much remains for us to explore and to learn. In the
past 30 years, no human being has set foot on another world, or ventured farther
upward into space than 386 miles — roughly the distance from Washington, D.C.
to Boston, Massachusetts. America has not developed a new vehicle to advance
human exploration in space in nearly a quarter century. It is time for America to
take the next steps.

Today I announce a new plan to explore space and extend a human. presence
across our Solar System. We will begin the effort quickly, using existing programs
and personnel. We'll make steady progress — one mission, one voyage, one landing
at a time,.
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Our first goal is to complete the International Space Station by 2010. We will
finish what we have started, we will meet our obligations to our 15 international
partners on this project. We will focus our future research aboard the station on
the long-term effects of space travel on human biology. The environment of space
is hostile to human beings. Radiation and weightlessness pose dangers to human
health, and we have much to learn about their long-term ecffects before human
crews can venture through the vast voids of space for months at a time. Research
on board the station and here on Earth will help us better understand and overcome
the obstacles that limit exploration. Through these cfforts we will develop the gkillg
and techniques necessary to sustain further space exploration.

To meet this goal, we will return the Space Shuttle to flight as scon as possible,
consistent with safety concerns and the recommendations of the Columbia Accident
Investigation Board. The Shuttle’s chief purpose over the next several years will
be to help finish assembly of the International Space Station. In 2010, the Space
Shuttle — after nearly 30 years of duty — will be retired from service.

Our second goal is to develop and test a new spacecraft, the Crew Exploration
Vehicle, by 2008, and to conduct the first manned mission no later than 2014. The
Crew Exploration Vehicle will be capable of ferrying astronants and scientists to the
Space Station after the shuttle is retired. But the main purpose of this spacecraft
will be to carry astronauts beyond our orbit to other worlds. This will be the first
spacecraft of its kind since the Apollo Command Module.

Our third goal is to return to the Moon by 2020, as the launching point for
missions beyond. Beginning no later than 2008, we will send a series of robotic
missions to the lunar surface to research and prepare for future human exploration.
Using the Crew Exploration Vehicle, we will undertake extended human missions to
the Moon as early as 2015, with the goal of living and working there for increasingly
extended pericds. Eugene Cernan, who is with us today — the last man to set foot
on the lunar surface — said this as he left: “We leave as we came, and God willing
as we shall return, with peace and hope for all mankind.” America will make those
words come true.

Returning to the Moon is an important step for our space program. Establishing
an extended human presence on the Moon could vastly reduce the costs of further
space exploration, making possible ever more ambitious missions. Lifting heavy
spacecraft and fuel out of the Earth’s gravity is expensive. Spacecraft assembled and
provisioned on the Moon could escape its far lower gravity using far less energy, and
thus, far less cost. Also, the Moon is home to abundant resources. Its soil contains
raw materials that might be harvested and processed into rocket fuel or breathable
air. We can use our time on the Moon to develop and test new approaches and
technologies and systems that will allow us to function in other, more challenging
environments. The Moon is a logical step toward further progress and achievement.

With the experience and knowledge gained on the Moon, we will then be ready
to take the next steps of space exploration: human missions to Mars and to worlds
beyond. Robotic missions will serve as trailblazers — the advanced guard to the
unknown. Probes, landers and other vehicles of this kind continue to prove their
worth, sending spectacular images and vast amounts of data back to Earth. Yet
the human thirst for knowledge ultimately cannot be satisfled by even the most
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Fig. 1.2 This is an artist’s concept depicting a possible scene of an observatory on the far
side of the Moon. The artwork was part of NASA’s new initiatives study which surveyed
possible future manned planetary and lunar expeditionary activity. The objective of the
lunar observatory case study is to understand the effort required to build and operate
a long-duration human-tended astronomical observatory on the moon’s far side. Some
scientists feel that the lunar far side — quiet, seismically stable and shielded from Earth’s
electronic noise — may be the Solar System’s best location for such an observatory. The
facility would consist of optical telescope arrays, stellar monitoring telescopes and radio
telescopes, allowing nearly complete coverage of the radio and optical spectra. The obser-
vatory would alsc serve as a base for geologic exploration and for a modest life sciences
laboratory. In the left foreground, a large fixed radic telescope is mounted on a crater.
The telescope focuses signals into a centrally located collector, which is shown suspended
above the crater. The lander in which the crew would live can be seen in the distance
on the left. Two steerable radio telescopes are placed on the right; the instrument in
the foreground is being serviced by scientists. The other astronaut is about to replace a
small optical telescope that has been damaged by a micrometeorite. A very large baseline
optical interferometer system can be seen in the right far background. (The painting was
done by Mark Dowman and Doug McLeod. $89-25054, January 1989. Courtesy NASA)

vivid pictures, or the most detailed measurements. We need to see and examine
and touch for ourselves. And only human beings are capable of adapting to the
inevitable uncertainties posed by space travel.

As our knowledge improves, we'll develop new power generation propulsion, life
support, and other systems that can support more distant travels. We do not know
where this journey will end, vet we know this: human beings are headed into the
COSLILOS.

And along this journey we’ll make many technological breakthroughs. We don't
know vet what those breakthroughs will be, but we can be certain they’ll come,
and that our efforts will be repaid many times over. We may discover resources
on the Moon or Mars that will boggle the imagination, that will test our limits to
dream. And the fascination generated by further exploration will inspire our young
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people to study math, and science, and engineering and create a new generation of
innovators and pioneers.

This will be a great and unifying mission for NASA, and we know that you’ll
achieve it. I have directed Administrator O’Keefe to review all of NASA'’s eurrent
space flight and exploration activities and direct them toward the goals I have
outlined. I will also form a commission of private and public sector experts to advise
on implementing the vision that I've outlined today. This commission will report
to me within four months of its first meeting. I'm today naming former Secretary
of the Air Force, Pete Aldridge, to be the Chair of the Commission. Thank you
for being here today, Pete. He has tremendous experience in the Department of
Defense and the aerospace industry. He is going to begin this important work right
away.

We'll invite other nations to share the challenges and opportunities of this new
era of discovery. The vision I outline today is a journey, not a race, and I call on
other nations to join us on this journey, in a spirit of cooperation and friendship.

Achieving these goals requires a long-term corumitment. NASA’s current five-
year budget is $86 billion. Most of the funding we need for the new endeavors will
come from reallocating $11 billion within that budget. We need some new resources,
however. I will call upon Congress to increase NASA’s budget by roughly a billion
dollars, spread out over the next five years. This increase, along with refocusing
of our space agency, is a solid beginning to meet the challenges and the goals we
set today. It's only a beginning. Future funding decisions will be guided by the
progress we make in achieving our goals.

We begin this venture knowing that space travel brings great risks. The loss
of the Space Shuttle Columbia was less than one year ago. Since the beginning of
our space program, America has lost 23 astronauts, and one astronaut from an
allied nation — men and women who believed in their mission and accepted the
dangers. As one family member said, “The legacy of Columbia must carry on —
for the benefit of our children and yours.” The Columbia’s crew did not turn away
from the challenge, and neither will we.

Mankind is drawn to the heavens for the same reason we were once drawn into
unknown lands and across the open sea. We choose to explore space because doing
so improves our lives, and lifts our national spirit. So let us continue the journey.

May God bless.

Even with this shot in the arm, many were skeptical of the desirability for
such an “adventure.” Few had the vision to think beyond the predictable and
consider the possible and the desirable. Such linear thinking almost always leads
to lower expectations and less action. We generally think linearly, meaning that
we extrapolate the present into the future without accounting for the unexpected.
Of course, the unexpected is, well, not expected! For example, in the year 1807,
very few people would have extrapolated to the Wright Brothers’ human flight one
hundred years later. In 1869, only science fiction writers envisioned landing people
on the Moon in 1969. Similarly, other great inventions in mechanics and electronics
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were not envisioned and therefore the technologies to which those inventions gave
birth could not have been foreseen except by a tiny group of visionaries.

Therefore, in 2004, when President Bush gave his speech, those who supported
his vision understood the potential benefits of charting a course back to the Moon.
They supported this action not because of what could be predicted as the possible
benefits, but for all the unpredictable outcomes and synergies. This kind of non-
linear thinking is useful because it opens up our minds to the impossible as well
as the possible. “The possible requires a lot of hard work; the impossible takes a
little longer.”

Fig. 1.3 Yuri Alekseyevich Gagarin. (Official Soviet photograph)

The first person in spacc and the first to orbit the Earth on 12 April 1961 was
the Soviet cosmonaut Yuri Alekseyevich Gagarin (9 March 1934 — 27 March 1968).
On 5 May 1961, Mercury Astronaut Alan B. Shepard, Jr. blasted off in his Freedom
7 capsule atop a Mercury-Redstone rocket. His 15-minute suborbital flight made
him the first American in space.

The race to the Moon began at this time.? 1t was an outgrowth of the political
and military rivalry between the United States and the Soviet Union. We know
that the Americans landed with men on the Moon first, but once this was achieved,
interest quickly waned and resources were pulled from NASA. The initiation of the
American response to Gagarin’s flight was with President Kennedy’s speech before
Congress.

2The Decision to Go to the Moon — Project Apello and the National Interest, J.M.
Logsdon, MIT Press, 1970.
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Fig. 1.4 Mercury astronaut Alan B. Shepard, Jr. and his Freedom 7 capsule atop a
Mercury-Redstone rocket, 5 May 1961. (Courtesy NASA)

1.0.2 Kennedy 1961 speech

The following is the speech delivered by the 35th U.S. President John F. Kennedy
before a joint session of Congress on 25 May 1961 titled “Special Message to the
Congress on Urgent National Needs.” This is the famous “Moon” speech where he
committed the nation to send men to the Moon before the end of the decade. As
we see, the space component of the speech is a small part of the overall speech,
supporting the historical claim that the Apollo program was in reality a part of
the Cold War and political program. The complete speech is reproduced here to
provide the reader with the larger context of the “Space Race.”

One cannot, underestimate the importance of context in trying to understand
how space plays out politically. Space enthusiasts from the dawn of Apollo have
tried to justify spacefaring in isolation, trying to claim that the return to the Moon
and then to Mars would justify the expense and benefit all of humanity. While
true and from this vantage point in the future, obviously true - it was always
necessary to put space in the larger context. Once that was done, resistance died
away quickly and spacctaring was “obvious.”

President Kennedy: Mr. Speaker, Mr. Vice President, my copartners in Govern-
ment, gentlemen and ladies:

The Constitution imposes upon me the obligation to “from time to time give to
the Congress information of the State of the Union.” While this has traditionally
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Fig. 1.5 Special Message to the Congress on Urgent National Needs, delivered by Presi-
dent John F. Kennedy, delivered to a joint session of Congress, 25 May 1961.

been interpreted as an annual affair, this tradition has been broken in extraordinary
times.

These are extraordinary times. And we face an extraordinary challenge. Our
strength as well as our convictions have imposed upon this nation the role of leader
in freedom’s cause.

No role in history could be more difficult or more tmportant. We stand for
freedom.

That is our conviction for ourselves — that is our only commitment to others.
No friend, no neutral and no adversary should think otherwise. We are not against
any man — or any nation — or any system — except as it is hostile to freedom. Nor
am I here to present a new military doctrine, bearing any one name or aimed at
any one area. I am here to promote the freedom doctrine.

1.

The great battleground for the defense and expansion of freedom today is the
whole southern half of the globc — Asia, Latin Amecrica, Africa and the Middle East
— the lands of the rising peoples. Their revolution is the greatest in human history.
They scek an end to injustice, tyranny, and cxploitation. More than an end, they
seek a beginning.

And theirs is a revolution which we would support regardless of the Cold War,
and regardless of which political or economic route they should choose to frecdom.
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For the adversaries of freedom did not create the revolution; nor did they create
the conditions which compel it. But they are seeking to ride the crest of its wave
— to capture it for themselves.

Yet their aggression is more often concealed than open. They have fired no mis-
siles; and their troops are seldom seen. They send arms, agitators, aid, technicians
and propaganda to every troubled area. But where fighting is required, it is usu-
ally done by others — by guerrillas striking at night, by assassins striking alone —
assassing who have taken the lives of four thousand civil officers in the last twelve
months in Vietnam alone — by subversives and saboteurs and insurrectionists, who
in some cases control whole areas inside of independent nations.

[At this point the following paragraph, which appears in the text as signed and
transmitted to the Senate and House of Representatives, was omitted in the reading
of the messape:

They possess a powerful intercontinental striking force, large forces for con-
ventional war, a well-trained underground in nearly every country, the power to
conscript talent and manpower for any purpose, the capacity for quick decisions,
a closed society without dissent or free information, and long experience in the
techniques of violence and subversion. They make the most of their scientific suc-
cesses, their economic progress and their pose as a foe of colonialism and friend of
popular revolution. They prey on unstable or unpopular governments, unsealed, or
unknown boundaries, unfilled hopes, convulsive change, massive poverty, illiteracy,
unrest and frustration.]

With these formidable weapons, the adversaries of freedom plan to consolidate
their territory — to exploit, to control, and finally to destroy the hopes of the world’s
newest nations; and they have ambition to do it before the end of this decade. It is
a contest of will and purpose as well as force and violence — a battle for minds and
souls as well as lives and territory. And in that contest, we cannot stand aside,

We stand, as we have always stood from our earliest beginnings, for the inde-
pendence and equality of all nations. This nation was born of revolution and raised
in freedom. And we do not intend to leave an open road for despotism.

There is no single simple policy which meets this challenge. Experience has
taught us that no one nation has the power or the wisdom to solve all the problems
of the world or manage its revolutionary tides — that extending our commitments
does not always increase our security — that any initiative carries with it the risk
of a temporary defeat — that nuclear weapons cannot prevent subversion - that no
free people can be kept free without will and energy of their owm — and that no two
nations or situations are exactly alike.

Yet there is much we can do — and must do. The proposals I bring hefore you
are numerous and varied. They arigse from the host of special opportunities and
dangers which have become increasingly clear in recent months. Taken together,
I believe that they can mark another step forward in our effort as a people. T am
here to ask the help of this Congress and the nation in approving these necessary
measures.
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Fig.1.6 Earth’s Moon, just 3 days away, is a good place to test hardwarc and operations
for a human mission to Mars. A simulated mission, including the landing of an adapted
Mars excursion vehicle, could test many relevant Mars systems and technologies. (Artwork
done for NASA by Pat Rawlings, of SAIC. S95-01563, February 1995. Courtesy NASA)
See Plate 1 in color section.

I1. ECONOMIC AND SOCIAL PROGRESS AT HOME

The first and basic task confronting this nation this year was to turn recession
into recovery. An affirmative anti-recession program, initiated with your coopera-
tion, supported the natural forces in the private sector; and our economy is now
enjoying renewed confidence and energy. The recession has been halted. Recovery
is under way.

But the task of abating unemployment and achieving a fuil use of our resources
does remain a serious challenge for us all. Large-scale unemployment during a
recession is bad enough, but large-scale unemployment during a period of prosperity
would be intolerable.

I am therefore transmitting to the Congress a new Manpower Development
and Training program, to train or retrain several hundred thousand workers, par-
ticularly in those areas where we have seen chronic unemployment as a result of
technological factors in new occupational skills over a four-year period, in order to
replace those skills made obsolete by automation and industrial change with the
new skills which the new processes demand.

It should be a satisfaction to us all that we have made great strides in restoring
world confidence in the dollar, halting the outflow of gold and improving our balance
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of payments. During the last two months, our gold stocks actually increased by
seventeen million dollars, compared to a loss of 635 million dollars during the
last two months of 1960. We must maintain this progress — and this will require
the cooperation and restraint of everyone. As recovery progresses, there will be
temptations to seek unjustified price and wage increases. These we cannot afford.
They will only handicap our efforts to compete abroad and to achieve full recovery
here at home. Labor and management must — and T am confident that they will
- pursue responsible wage and price policies in these crifical times. I look to the
President’s Advisory Committee on Labor Management Policy to give a strong
lead in this direction.

Moreover, if the budget deficit now increased by the needs of our security is
to be held within manageable proportions, it will be necessary to hold tightly to
prudent fiscal standards; and I request the cooperation of the Congress in this
regard - to refrain from adding funds or programs, desirable as they may be, to the
Budget - to end the postal deficit, as my predecessor also recommended, through
increased rates - a deficit incidentally, this year, which exceeds the fiscal 1962 cost,
of all the space and defense measures that I am submitting today — to provide full
pay-as-you-go highway financing — and to close those tax loopholes earlier specified.
Our security and progress cannot be cheaply purchased; and their price must be
found in what we all forego as well as what we all must pay.

III. ECONOMIC AND SOCIAL PROGRESS ABROAD

[ stress the strength of our economy because it is essential to the strength of
our nation. And what is true in our case is true in the case of other countries. Their
strength in the struggle for freedom depends on the strength of their economic and
their social progress.

We would be badly mistaken to consider their problems in military terms alone.
For no amount of arms and armies can help stabilize those governments which are
unable or unwilling to achieve sccial and economic reform and development. Mil-
itary pacts cannot help nations whose social injustice and economic chaos invite
insurgency and penetration and subversion. The most skillful counter-guerrilla ef-
forts cannot succeed where the local population is too caught up in its own misery
to be concerned about the advance of communism.

But for those who share this view, we stand ready now, as we have in the past,
to provide gencrously of cur skills, and our capital, and our food to assist the
peoples of the less-developed nations to reach their goals in freedom — to help them
before they arc engulfed in crisis.

This is also our great opportunity in 1961. If we grasp it, then subversion to
prevent its success is exposed as an unjustifiable attempt to keep these nations from
either being free or equal. But if we do not pursue it, and if they do not pursue
it, the bankruptcy of unstable governments, one by one, and of unfilled hopes will
surely lead to a series of totalitarian receiverships.

Earlier in the year, I outlined to the Congress a new program for aiding emerging
nations; and it is my infention to transmit shortly draft legislation to implement
this program, to establish a new Act for International Development, and to add



