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PRESIDENT’S MESSAGE

I am happy to report that the 4th Annual International Space Station Research and
Development Conference – “Gain a New Perspective – was an outstanding success! More
than 700 attendees were on hand to hear about the latest space station achievements and
its role in shaping our future in space. Speakers included senior officials from NASA,
including Deputy Administrator Dava Newman, Associate Administrator for Exploration
and Operations William Gerstenmaier, ISS Program Manager Mike Suffredini, Chief
Scientist Ellen Stofan, and Chief Technologist David Miller. Astronaut Cady Coleman
led a well-attended New User Workshop. Leading space station researchers from the commercial and academic communities presented some very exciting utilization results, and
aerospace and commercial industry leaders lent their perspectives on current and future
possibilities that the space station provides. “A conversation with Elon Musk” kicked off
the three day event with 4,500 people watching live online, and the video has been viewed
over 114,000 times since. On the last day of the conference, attendees heard presentations by Astronauts Suni Williams
and Karen Nyberg right after the first commercial crew announcement. Videos and presentations from the event can be
viewed at www.issconference.org/resources.php. AAS was very pleased to partner with the Center for the Advancement
of Science in Space to organize the event in collaboration with NASA, and we have already begun planning for the 5th
annual ISS conference in San Diego, July 12-14, 2016.
Our next big event is the Werhner von Braun Memorial Symposium, October 27-29 in Huntsville, Alabama. The theme
this year is “Space Exploration and Discovery: Expanding Human Knowledge.” Registration is now open, and we hope
you will join us there.
AAS is partnering with the American Astronomical Society to organize “Future in Space” Google Hangouts. July 17
marked the start of the series with a discussion on the current state of exoplanet research and the exciting results that
may be coming with the next generation of space telescopes, including JWST, WFIRST, and TESS. The second event in
the series was held on August 14. “Foreseeing the Future: Space Astronomy in the 2020’s and Beyond” focused on how
future space telescopes will help us address questions such as whether we are alone in the universe and if other Earth-like
worlds are common.
The 11th Student CanSat Competition was held June 12-14 with 42 teams from ten countries competing – the largest
student turnout ever! First place with the highest overall score went to AGH University of Science and Technology from
Poland, with The University of Alabama in Huntsville taking second place. Carleton University (Canada) won third place,
while Middle East Technical University (Turkey) and SRM University (India) took fourth and fifth place, respectively. Seth
Jai Parkash Mukand Lal Institute of Engineering & Technology (India) won the Tenderfoot Award for the highest score
from a team competing for the first time. Congratulations to these students for their outstanding work!
In closing, I encourage all members to consider nominating worthy candidates for Fellows and our annual awards. Complete information on submitting a nomination, as well as past award recipients and a list of Fellows, can be found on the
AAS website. The deadline for Fellow nominations is September 30 and for Award nominations October 31.
AAS – Advancing All Space

Lyn D. Wigbels
lyn.wigbels@cox.net
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The Blog of Christopher R. Cooper: Future of
Space Exploration: Apollo Program and SpaceX
by Christopher R. Cooper

Were the Moon missions worth the cost? Are humans doomed to Earth? (Source: SpaceX)
My father had his 60th birthday recently. Every so often I hear a story from him about how “things have changed” in the U.S.
He likes to distill the “things” to emotions like hope, faith, exceptionalism; an innocence. I always ask for anecdotes. How have
we “lost our way?” The meandering explanation leads to the Space Program. The story goes that Apollo Program was the apex.
That losing the momentum of chasing a dream after shattering the need resulted in a slow-growing lethargy.
Now, don’t get me wrong. My father loves America. He’s a veteran, he’s worked hard to bring the American Dream to my family
his entire life. I don’t know if he’s right about how “things have changed.” Perhaps it’s just with time that we look back on history
with rose-colored glasses. Nostalgia can be a cloudy set of specs. Still, I can’t help but think of Norman Rockwell whenever the
tale is spun. The family sits around the bubble-television watching on tenterhooks as the latest NASA mission is detailed. I can
almost see my father there with a cowboy hat and a red wagon.
This thought of “innocence lost in America” isn’t unique to my father. My uncles and aunts love to chime in with agreement
when they’re around. I can almost hear someone holding back a “kids these days” comment. It isn’t unique to my family, either.
In fact, “America lost its innocence,” verges on repetitive trope. I think it’s a loss of vision, a loss of priority.
Is the U.S. Spending Enough on NASA, is Space Exploration a Priority?
Perhaps there’s an argument to be had with space exploration, though. The U.S. isn’t spending like it used to. In the age of the
Apollo Program, NASA’s portion of the federal budget hovered near 3% in some years. On average, NASA has cost about 1% of
the federal budget.
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“From the Earth to the Moon” by Norman Rockwell, 1969
NASA funding is trending down. The 2015 budget request is for $17.5B, a bit less than 2014. It represents about 0.45% of the
federal budget. $4B of that is dedicated to human space exploration. NASA is consistently underfunded, despite the fact that the
public overestimates NASA’s cost. A 2007 study found that the average American thinks that we spend about 24% of our federal
budget on NASA, or about 48x reality.

NASA budget as a percentage of the federal budget
(Source: http://www.academia.edu/179045/_Public_Opinion_Polls_and_Perceptions_of_US_Human_Spaceflight_)
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NASA’s budget reality has been diverging from public perception for decades. It’s no wonder we have science celebrities panhandling to the public over half of a penny.
Neil deGrasse Tyson said it best with “We Stopped Dreaming”
Neil deGrasse Tyson talks about a mindset in the video “We Stopped Dreaming” (https://youtu.be/CbIZU8cQWXc). A mindset
where the average American would “think about tomorrow.” The idea that we, as a people, would look forward to technology
advances; the possibilities unlocked from research and development. That we, as a people, were galvanized to dream about the
future. A future in which we have invested for the long term. This isn’t a future guided by quarterly reports or election cycles. It’s
one in which we are guided by improving the human condition. When the guiding light of exceptional goals is replaced with maintenance and status quo, dreams are shattered. The engineers, scientists, technologists, and mathematicians of tomorrow need to be
led by the vision of exceptional goals. Without them, scientific progress stalls. Without a dream to pursue, we mortgage our future.
Benefits of NASA space exploration
The Apollo Program yielded an incredible return on investment. The U.S. had real, tangible gains from the investments made
in the project. The program was a major stepping stone into future beyond Earth projects. Hardware developed during the Apollo
Program era was used in Skylab, our first space station. Skylab produced valuable results through its solar observatory and experiments performed onboard. Skylab is just one of the spacecraft that would not have been feasible without knowledge from the lunar
program. In 1975 a space docking with the Soyuz spacecraft occurred. It was a major step toward rebuilding relations between the
U.S. and the U.S.S.R. It played a key role in the end of the Cold War. A variety of breakthroughs in early breast cancer detection
occurred. The accelerated development of integrated circuits was made possible through space exploration research. Several major
spin-offs were the product of the lunar program. There were real benefits of space exploration.
Tyson makes a point in his speech and video. Perhaps the one in which this entire story is based upon. He suggests that having
a cultural mindset where the people are internally invested in the future enables those very people to bring the future to present.
Perhaps that’s what my father means when he says “things have changed.”
Maybe there’s solace in a place we wouldn’t have expected it. Traditionally, government has been the only source with the
authority and resources to breach space. That might be changing. Can private entities with commercial needs exist within the
vacuum of space?
3…2…1

SpaceX Falcon 9 rocket and Dragon spacecraft (Source: SpaceX)
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I found myself anxiously waiting in front of a screen for a launch countdown. I’d say I’m a fan of space exploration, but I’m not
the type to sit around watching rocket launches. I regret not having seen a Space Shuttle launch before the program ended, though.
However, this felt like something entirely different. The Internet was awash in excitement for SpaceX’s Dragon spacecraft launch.
It wasn’t just the geeks and nerds, either. Mainstream media had picked up the story, and Elon Musk had become a celebrity. Musk
founded SpaceX on the basis eventually Earth will no longer support our species. It’s a difficult concept to internalize as it’s an
event far in the future, but it is inevitable. At some point, someone has to make the decision to spread humanity beyond Earth or
our species dies with it. Across the globe, regular people were excited about space again.
My screen had less of a bubble shape to it than did my father’s during the Apollo Program era, but I bet the feelings were similar.
I watched the ground crew at SpaceX as Dragon completed its mission. You could see what Tyson had described in his video. I
was inspired. The internalized goals, desire, and faith in the dream their project created was written all over the faces of the young
talent at SpaceX. These engineers, scientists, technologists, and mathematicians were bursting with genuine excitement. They had
a cause and a dream.

SpaceX Dragon leaving HQ (Source: SpaceX)
Just like them, I felt a rush of excitement. It was excitement for technology, exploration; for moving the goal post further. NASA
intends to go back to the Moon. Mars seems a little less impossible. Opportunity Rover completed a marathon. It was excitement
for the future.
The Future of Space Exploration
How will we move beyond the scope of the Apollo Program missions? SpaceX is doing a terrific job as a company, but to the
general public, they’re little more than a goods transport service. A rocket-powered tractor-trailer. One which is primarily paid by
a publicly funded NASA.
There will undoubtedly be more: a tractor-trailer that can support humans, one which can travel further into the solar system, a
system by which to deliver a payload to Mars. Ultimately, private companies will rely upon public funding to reach uncharted territory because there’s little reason for other private money to participate. As public interest and funding fades, so goes the revenue
source of dependent private companies.
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Opportunity’s Marathon Journey (Source: NASA/JPL http://tinyurl.com/nb8flxj)
If we haven’t made extending humanity beyond Earth a priority, one day, we’ll be forced off it. As much of a gift as Earth is,
it will not last forever. If we can raise desire to go out and explore — to stretch our boundaries — we may be ready for whichever
event forces us off before it happens. If we can find that awe in space exploration again, we may avoid sitting on the earthly Titanic,
scrambling for a lifeboat.
We can help by raising awareness in the benefits of space exploration. There are numerous NASA-supported inventions and
advances already this year. We can help by telling our representatives space exploration deserves at least a penny on the dollar.
We can help by being outwardly interested in space exploration with friends and through social media: the excitement spreads.
It wasn’t an Apollo Program or Shuttle launch, but I won’t forget watching the Dragon capsule’s first success. Humanity started
down another possible avenue to expand among the stars. Not unlike my father decades before, I sat by the screen watching and
wondering in awe. All I needed was a cowboy hat and a red wagon.

Christopher R. Cooper is a web technology expert in Richmond, Virginia. He is founder and creative director of Daymuse
Studios and an adjunct professor at The George Washington University. He writes for industry publications but also moonlights as an eponymous blogger on topics such as technology, travel, and business.
This essay is a continuation of a post from 2009 detailing the Apollo space program cost. All SpaceX photos courtesy of
their public domain gallery.
Originally published by @chrisrcooper on April 27, 2015
© 2015 Christopher R. Cooper
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A Roadmap for an Interstellar Worldship
by Fergus Russell-Conway, Micah Klettke, Karan Gujarati, James Bevington, Abigail Sherriff, Anderson Wilder, Mansoor Shar, Kyle
Acierno, Brian Ramos, Jean-Francois Rococo, Chaitra, and Florin-Cristian Lazar

Figure 1 - Artist’s Worldship Concept (Source: Fergus Russell-Conway)
For millennia, humans have looked at the stars with dreams of what may lay in that distant beyond. The time to go forward and explore
the unknown is now, but many challenges must first be overcome. The exploration of Earth’s galactic neighborhood will require decades
of planning, research, and development.
This year, Astra Planeta, a team of 22 graduate students at the International Space University Masters Program, came together to create a conceptual design for a worldship and produce a roadmap leading to its launch. The worldship in this study was designed to carry
100,000 passengers over a journey lasting up to 1,000 years while travelling slower-than-light. The study covered many disciplines such as
engineering, science, economy, law, project planning, humanities, and space applications, to determine what steps were necessary to fund
a project of this magnitude, develop and build the worldship, and prepare Earth for such a global endeavor.

Figure 2 - Astra Planeta Logo (Source: Abigail Sherriff)
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The team report itself outlines the different choices in each discipline that could be taken, identifies the mission drivers, the challenges
which may be faced, and the critical path of the roadmap. The roadmap does not assume that certain choices are made; rather, it outlines
the required points at which the decisions and developments should be made.
The first concept of generation ships was proposed in 1928 by Konstantin Tsiolkovsky. Formally, a worldship is a self-sustaining starship
that travels at slower-than-light speeds over hundreds of years and is intended for large-scale human transportation for extra-solar voyages.
Astra Planeta approached the challenges from an interdisciplinary perspective, considering scientific, technical, societal, political, legal,
ethical, and economic aspects. This included considering public outreach and education, which is a crucial aspect in such a momentous
undertaking. The final result is a concept and architecture for a worldship mission and a roadmap to achieve it.
Methodology
A nominal hundred-year time frame constrained the technology to current or near-future developments. Identifying a preferred concept
led to a list of requirements for the worldship. From this, a logical progression of tasks leading from current technologies to the preferred
concept was developed and the duration for each task was estimated. Where possible, analogues were used and extrapolation was developed. Astra Planeta did not set out to force the necessary technological and societal developments into a hundred-year time frame. Instead,
a realistic estimate for the duration of critical developments was pursued, resulting in a roadmap that represents a 160-year time frame.
Interstellar Mission Concept and Challenges
An interstellar mission is a complex and multi-faceted undertaking with many challenges. It is important to have a good understanding
of the scientific implications and background of such a mission. This aids in the identification of the key mission challenges which informs
the mission design and narrows the mission scope. The mission concept was developed by the team to the following 5 points: 1) Multigenerational Worldship; 2) Single voyage to one destination; 3) Self-sustaining over a thousand years; 4) Capable of sustaining a population
of 100,000 people; and 5) Destination within 25 light years.
To develop the required technologies for such an endeavor requires having a detailed knowledge about the space where the craft will
be travelling, as well as details about potential hazards that will require developing and pre-testing protection methods for the worldship.
Therefore, the interstellar medium (ISM) and our galactic neighborhood must be explored before embarking on an interstellar journey. An
understanding of galactic cosmic radiation, hazardous ions and particles, interstellar dust, and nearby stellar systems may be gained using
the following methods:
• Sending precursor probes beyond the Solar System
• Direct measurement of the ISM physical environment
• Developing new methodologies to survey closest stars and their planets
We found that our mission concept presented a non-exhaustive list of challenges, but those that we believed to be the most pertinent
regarding technical, geopolitical, economic, societal, and physiological challenges were the following:
Technical:
• Development of technology
• Interstellar communication
• Radiation and particle shielding
• Closed-loop life support system
Geopolitical and Economic:
• Political and financial support
• Maintaining funding
• Controlling onboard economy
• Governance onboard
Societal:
• Cultural and ethical
• Language
• Isolation
• ‘Earth out-of-sight’ phenomenon
Physiological:
• Radiation
• Health and illness
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• Recreation and physical activities
• Producing pharmaceuticals
The team also looked into destinations; however, we found that currently there is insufficient information to select a target destination
system. Continued observations and development of astronomical observation techniques is required to define the habitability criteria for
a stellar system. Selection of a destination is a key decision point.
The complexity of an interstellar mission places extra requirements on the design of a worldship as compared to a conventional spacecraft.
The team investigated some of the more challenging aspects of the design, and identified the subsystems which require the most research and
development from existing technologies and where necessary feasible new technologies which would need to be developed for the worldship.
Nuclear fusion is the most suitable and capable technology for propulsion and power that is likely to be developed in the near future.
Energy from the fusion of two lighter elements into heavier ones (e.g., deuterium into helium) would be used to propel the worldship and
provide power. Other promising technologies such as antimatter and interstellar ramjets should also be considered.

Figure 3 - Nuclear Fusion Process (Source: eteknix.com)
Pulsar based navigation seems the most feasible navigation method for interstellar travel. Pulsars emit tremendous pulses of energy in
precise periods that can be measured over interstellar distances. Using these pulses, positioning can be achieved by triangulation in a similar
manner to the way global navigation satellite systems such as GPS work.

Figure 4 - Artist’s Concept of a Pulsar (Source: wallpaperswide.com)
To fuel the worldship, assuming the power and/or propulsion systems are fusion-based, a large volume of deuterium would be needed.
The source of this fuel could be Jupiter, but to collect fuel from Jupiter, a mining system must be developed. As depicted in the figure of
the worldship, this fuel would be stored externally as a frozen ball.

Figure 5 - Artist’s Concept of Frozen Ball of Deuterium (Source: Fergus Russell-Conway)
The unit structure is a torus inspired by the Stanford space colony design, but, the worldship is much larger; therefore, a total of 10 rings
are needed. Each ring can hold 10,000 people and has a major diameter of approximately 1700 m and minor diameter of about 140 m. The
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worldship can be spun at 1.2 rpm to provide artificial gravity in the range of 1g.

Figure 6 - Artist’s Concept of a Single Torus Structure (Source: Fergus Russell-Conway)
The Life Support System (LSS) for the worldship would have to be a self-sustaining closed-loop system, therefore the primary workhorse of the life support system is an ecological system. The system will cycle nutrients and organic materials and provide food. Traditional
physical/chemical LSS technologies can be used to supplement the ecosystem. Inorganic materials can be recycled by more traditional
recycling methods.

Figure 7 - Life Support System Cycle (Source: Fergus Russell-Conway)
Both passive and active shielding methods were researched for the worldship; however, most of the existing technologies are designed
for use within our solar system and not for withstanding galactic cosmic rays (GCR) or heavy ionized particles (HZE). One suggestion was
to use a combination of materials in a passive shielding skin, i.e., the worldship skin would have an outer and inner shell of aluminum with
the inside cavity filled with water, which would have the added advantage of self-sealing after a puncture event. Much further research
would be needed on this topic to see what might be adequate in the ISM.
The team had a number of people who looked into societal issues and what developments may be needed to ensure a cohesive society
onboard the worldship. The population of the worldship will need to be selected based on specific criteria, and they must have a complete
understanding of the mission aims, objectives, and risks. This will impact the training prior to launch and the interactions on board the ship.
The culture of the population on board will be greatly, if not entirely different from that of typical Earth culture because of the worldship
environment. Whereas Earth culture is a very fluid system, culture on board will be planned, to some degree, according to the logistics of
the voyage. Physical as well as mental outlets will need to be considered according to the confines of the ship.
Medical aspects for the worldship were also researched because, as we can expect, humans increase complexity for any space mission.
Advancements must be made in technology and knowledge to aid human survival in the new and dangerous environment of interstellar
travel. Proper planning for “outdoor” space and virtual reality environments will be essential. Depending on the societal environment, an
established economy will be as important onboard the worldship as it is on Earth, and will play a prominent role in the on board governance
structure. Ranging from child-rearing to proper disposal of dead bodies, an agreed upon set of ethics will play a pivotal role in the cohesion
of the population.
Communication is the basis for interaction among people. Language is a main form, and it will develop differently with isolation from
Earth. The language that is spoken on the worldship when it leaves the Earth may not be the same language that is spoken after it arrives at
its destination, and there may not be an equivalent language on Earth. Religion is also a consideration that must be addressed. Religion is
a personal topic to every individual, so the pros and cons of the various options must be considered. The ship may allow all religions, only
one religion, or no religion; this will directly impact the make-up and selection of the population. Education of all ages will be a paramount
issue for the survival of the mission and the continued success of knowledge transfer. Maintaining prior knowledge and gaining new will
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be of the utmost importance for the people on board. The human mind is boundless in its complexity, and managing a large population
traveling to the interstellar reaches comes with innumerable considerations, many of which are unimaginable to the Earth-bound humans
of today. The small and large changes of the human brain and psyche will be a central focus of the mission, and cognitive behavior must be
studied prior to launch and monitored throughout the mission.
A growing trend towards larger systems of systems means that project planning is of the utmost importance. Given the size of the worldship and the level of international collaboration needed, proper planning is necessary to ensure that risk, financing, governance, and legal
issues are resolved in advance in the context of international collaboration.
One nation cannot undertake an interstellar mission based solely on its own financial resources. The International Interstellar Fund will
serve this function and establish itself as the primary body for coordinating financing efforts for the duration of the project. Initially, the
fund will consist of twenty founding members, which include the leading and emerging space nations. After initial founding, these countries
will form a committee to establish a governance structure similar to the International Monetary Fund.

Figure 8 - International Interstellar Fund Concept Logo (Source: Abigail Sherriff)
Risks are an inevitable part of this mission, including governmental and political factors, a lack of funds, schedule overruns, and technical failures. Risk mitigation strategies are explored and developed further in the final report.

Figure 9 - Risk Matrix Concept (Source: Fergus Russell-Conway)
The team believed that a central city dedicated to the endeavor would be the best and simplest location to carry out the planning, education, outreach, logistics, research, development, and other such activities. They coined this city as the “Interstellar City.” In the Interstellar
City, individuals from around the world will come together to push forward the collective thinking and progress of the worldship. Besides
including all the infrastructure, testing, and research facilities needed for an interstellar worldship, this city will have its own academies,
institutions, factories, and other facilities found in normal cities.
Strong outreach and educational programs will be necessary to support funding and to build a society that is willing and able to create
the worldship. These programs are key to ensuring that the population, society in general, and future generations are informed about the
progress of the worldship and its mission, and also to ensure that support continues throughout the program of development, construction,
and after the worldship departs.
Crowdsourced problem-solving platforms may provide outreach that would allow everyone to participate in worldship creation; virtual
reality and gaming would allow youth to experience life onboard the worldship; biospheres and old technology demonstration projects
could become classrooms for the youth and potential population members; creative viral media competitions would generate outreach advocates; future worldship citizens could meet with students to discuss life on board; and social media monitoring would be used to gather
public support statistics.
Increasingly connected generations require flexible and easily adaptable outreach tools to allow users to be actively involved, and that
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take advantage of the individual’s personal ability to do outreach. Technologies developed over time, as well as older technologies developed
for the worldship, will be fully utilized for this purpose.
Interstellar subjects should be integrated into school curriculums within the education system in the interstellar city; vocational schools
should be created with focus on spaceflight skills; worldship mentalities will be introduced through recycling project and programs with a
focus on interdependencies; and free online education courses will ensure that people of all ages can learn about interstellar travel.
Education must both inform about the interstellar mission as well as produce learners that are ready and willing to partake in making
it a reality. This educational infrastructure must stretch from early childhood to adulthood, and should include advanced degree options.
Team Astra Planeta came up with a number of recommendations which we believe are necessary for the creation of the interstellar
worldship. We recommend that continued missions to exoplanets, interstellar medium studies, and microgravity effect research should be
pursued. The structure should consist of a single worldship constructed using multiple toroidal rings. Research and development should be
pursued in nuclear fusion technology, alternative power and propulsion methods, active shielding methods, gravitational lensing, pulsar-based
navigation, biological 3D printing, and closed loop ecological systems. All components must have an extremely high level of reusability
and recyclability within the design and should be manufactured to high standards of reliability. This means that more research should be
performed concerning material recyclability in a closed loop system over many generations. A culture of recycling needs to be instilled in
the worldship inhabitants, and should be fostered in the selected population as part of the training leading up to the launch.
Before the launch of the worldship, longer spaceflight analog simulations and psychological research must be conducted. The education
systems should incorporate some interstellar curriculum into the standard school education. We recommend that the initial economic system
should be a hybrid between planned and market economies and that the Interstellar City should be created with a centralized community
and economic system, acting as a hub for worldship experimentation, research, manufacturing, and governing.
An International Interstellar Fund is needed to fund and facilitate the development of subsequent investments. We recommend that insitu resource utilization on the Moon should be pursued, and that the five main space treaties should be amended to include and engage the
private sector. It is also extremely necessary that public outreach and educational changes should begin immediately with increased use
and monitoring of social media.
Overview of the Roadmap
Note: This roadmap is not meant to be a comprehensive and detailed schedule of events leading to the launch of a worldship. Instead, it
outlines the key interdisciplinary developments required and identifies the critical path. Astra Planeta intends that it will serve as a guide in
identifying the way forward to making interstellar travel a reality.
Successful launch of a worldship requires many tasks to be completed. Some of these are quite technical in nature while others focus
on social and organizational aspects of the project. As with most projects, funding availability is imperative for tasks to be undertaken and
completed in a timely manner; thus, the establishment of a monetary fund is the first task toward constructing a worldship. Along the critical path lie the tasks of establishing a lunar base and developing lunar mines, along with the technology needed to operate them. The Moon
would provide most of the materials for construction of the worldship. Once the materials and construction technologies are developed,
construction of a single ring engineering model would be undertaken, followed by testing and expansion into construction of the rest of the
worldship. For the most part, currently proven physics and technologies are theoretically feasible for an interstellar worldship. However,
the capability of these technologies is crude and would need to be improved and refined. It is estimated that an interstellar worldship could
be constructed and launched in approximately 160 years.
Conclusion
The design, construction and launch of a multi-generational, slower-than-light worldship is a monumental undertaking. Enabling this mission requires advancements in space technologies, as well as a shift in focus to more sustainable ones. It will necessitate humans developing
a depth of knowledge about the interstellar environment in addition to an understanding of themselves, both psychologically and socially.
This dictates challenging the definition of who we are, understanding and defining our place in the universe and on Earth, and revisiting
our ethics. International collaboration is vital, making economic and political challenges equally pivotal to technical ones. Mechanisms to
raise international funds must be put in place, political collaboration must be properly governed, and space law and treaties must evolve.
Astra Planeta’s roadmap determined that 160 years is the minimum time before a worldship could be launched. However, regardless of
timeframe, the launch of a worldship will be conducted by a much different society than our own. This society would be one that values the
presence of human life outside of our own solar system and cooperates on a global scale. These reasons alone make the worldship project
a worthwhile endeavor.
Note
The International Space University’s 2014 Masters in Space Studies is an intense, multidisciplinary one-year course for postgraduate
students and professionals held in Strasbourg, France. The curriculum covers the principal space-related fields, both non-technical and
technical, and ranges from policy and law, business and management, and humanities to life sciences, engineering, physical sciences and
space applications. The full report and executive summary can be downloaded from the International Space University Library. Hard copies
of the executive summary are also available upon request.
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Figure 10 - Roadmap for Interstellar Travel
(Source: Background Image - Fergus Russell-Conway and Abigail Sherriff; Roadmap Outline - Florin-Cristian Lazar, Chaitra, and Jean-Francois Rococo)

SPACE TIMES • July-August 2015

15

❏ OK to proceed
❏ Make corrections and proceed
❏ Make corrections and show another proof
Signed: ___________________ Date: ______

Job Name:
PDF Page:
Process Plan:
Date:
Time:

PageMark-Color-Comp
535619_SpaceTimes
01_24_SpaceTimes_July.p16.pdf
VP.MultiPage.PDF
15-08-28
13:34:04

Operator: ____________________________

MARK YOUR CALENDAR
FELLOWS NOMINATIONS DEADLINE – SEPTEMBER 30
Members of the Society are nominated to become Fellows in recognition of their outstanding contributions to
astronautics. A list of current Fellows and nomination procedures can be viewed on the AAS website. The Fellows Committee will review the submissions and forward names of recommended candidates to the officers
and directors for approval.

www.astronautical.org/members/fellows

AWARDS NOMINATIONS DEADLINE – OCTOBER 31
AAS presents awards to recognize the excellence and professional service of our own membership and
members of the space community. AAS members (and non-members) are invited and strongly encouraged to
nominate worthwhile candidates for this year’s awards. Award descriptions, previous recipients, and nomination
procedures can be viewed on the AAS website. The Awards Committee will review submissions and forward
names of recommended candidates to the officers and directors for approval.

www.astronautical.org/awards

8th Wernher von Braun Memorial Symposium
The University of Alabama in Huntsville ♦ Chan Auditorium

“Space Exploration and Discovery: Expanding Human Knowledge”

October 27-29, 2015

www.astronautical.org
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TECHNICAL CONFERENCE

39th Annual AAS Guidance
and Control Conference
Beaver Run Resort ♦ Breckenridge, Colorado
Friday, February 5 - Wednesday, February 10, 2016
The Rocky Mountain Section of the AAS is excited to invite you to the 39th Annual AAS Guidance, Navigation and Control Conference from February 5 to February
10, 2016. The conference will host topics covering the entire lifecycle of GN&C for
spacecraft and sensors while reflecting some of the most relevant and current topics in
the industry. In keeping with the desire to build the next generation of engineers, the
conference will again host STEMscape – an outreach to over 100 local high school
students and educators.
As always, Advances in GN&C will continue as an anchor session and will examine
the current state-of-the-art and the future of GN&C. New for 2016, we will include tutorial sessions between sessions led by industry leaders covering a variety of “beyond
the textbook” topics.
Several upcoming missions require a low thrust and a high total delta-V capability. Consequently, one key focus area for this year’s
conference will cover the hardware and mission planning aspects of emerging propulsion technology and will include a dedicated
session on In Space Propulsion Innovations. The community has also seen a growth in missions that require the ability to navigate
relative to another body. Therefore, we will have sessions focusing on optical navigation, servicing, and encounters beyond earth.
As greater navigation accuracy is sought across a variety of terrestrial and orbital applications, our GNSS Precision Position Navigation and Timing session will look at the strides being made to refine precision and increase availability across a diverse set of
assets.
The conference will have sessions addressing our community’s growing interest in reducing launch costs through both hosted payloads and innovative approaches to alternate launch vehicles. As our community has also seen pressure to reduce total costs in part
by reducing spacecraft and component masses, a forward looking session will cover the miniaturization of GN&C components.
Continuing our tradition of welcoming those new to the industry and based on the stellar presentations over the last three years,
Student Innovations in GN&C will feature a student competition with scholarship prizes. After looking forward to the great emerging work of the students, we will do a retrospective of the challenges faced by our pioneers in GN&C. Wrapping up the conference will be Recent Experiences, a traditional session with candid revelations of the successes and failures, trials, and tribulations
encountered by your colleagues in the space industry.
The conference will again have two Classified Sessions on Advances in GN&C and Recent Experiences at the beginning of the
conference for participants who have proper clearances. This session offers a unique opportunity to share and network at a level not
usually available to many in our GN&C community. Monday evening the conference will host a networking opportunity. Family
events include the perennial favorite Technical Exhibits and buffet on Saturday night. This is a great opportunity to socialize with
friends and colleagues. Our diverse attendance and agenda offers interaction with industry, government, and academia personnel
and state-of-the-art technology.
Both new and veteran conference attendees will appreciate the expanded technical content featured this year. In addition to the
paper presentations, a daily Poster Session will be integrated with and highlighted during the conference.
Abstracts are due by September 2, 2015. Paper and poster abstracts may be submitted on the GN&C Conference web site at
http://www.aas-rocky-mountain-section.org/. The conference web site also contains the full conference schedule as well as registration and lodging information.
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NOTES ON A NEW BOOK

Explore the Cosmos like Neil deGrasse Tyson:
A Space Science Journey
Reviewed by Rick W. Sturdevant
Explore the Cosmos like Neil deGrasse
Tyson: A Space Science Journey by
CAP Saucier. Amherst, New York:
Prometheus Books, 2015. 178 pages.
ISBN 9781633880146. US $14.99
(paperback,
illustrations,
notes,
glossary, bibliography index).
Without a doubt, astrophysicist
Neil deGrasse Tyson, director of
the Hayden Planetarium, has filled
the void left by the passing in 1996
of astronomer Carl Sagan. No
two scientists have done more to
popularize the study of outer space,
and Tyson has expanded his audience
by using technology Sagan could only
have imagined. Beyond cosmological
books and television documentaries,
Tyson is in his sixth year of hosting
a radio show and podcast called
“StarTalk,”
communicates
with
3.5 million followers via Twitter,
and recently began hosting a latenight talk show about science on the
National Geographic Channel. He
unabashedly seeks to blend comedy,
popular culture, and science to get
audiences to understand how science
is at work everywhere in their lives.
As one measure of Tyson’s being the
preeminent science communicator
of the early twenty-first century,
the National Academy of Sciences
bestowed on him its highest, annual
award – the 2015 Public Welfare
Medal.
Now, in a biography titled Explore
the Cosmos like Neil deGrasse Tyson,
author CAP Saucier engages readers
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ages 8-12 with the story of how a boy
in New York City became fascinated
by the heavens, which he viewed
through a telescope from the rooftop
of his family’s apartment building.
As youngsters follow Tyson’s
educational and career development,
Saucier skillfully interlaces quotations
from Tyson, heavy doses of current
information about the universe, and
explanations of the space-related
sciences. An ample sprinkling of
spectacularly colorful cosmic images
and other photographs renders the
book well suited to visual learners.
Saucier’s emphasis on Neil’s
enjoyment of humanities courses
and athletics as an undergraduate at
Harvard tempers whatever tendencies
some readers might have to label the

budding scientist as a nerd. Tyson
comes across as a talented, fun-loving
human being, not someone fixated
on a blackboard full of equations
or cloistered in a sterile laboratory.
Nonetheless, Saucier clearly delivers
the message that one cannot be an
astrophysicist without a substantial
immersion in science and mathematics.
At a time when the United States
desperately needs to attract more
students toward science, technology,
engineering,
and
mathematics
(STEM) courses, Explore the Cosmos
represents one small tool. Parents
and teachers alike might find this
book just the ticket for encouraging
their children to develop a passion
for learning more about all things
scientific. Some of those readers might
even adopt Neil deGrasse Tyson as a
role model, perhaps aspiring to become
scientists themselves. If members of
the American Astronautical Society
really want to succeed in promoting
STEM education, finding ways to put
Saucier’s book in the hands of eagerto-learn youngsters seems worthwhile.
In addition, encouraging other authors
to write STEM-related books for
young readers might be a good idea.

Dr. Rick W. Sturdevant is an AAS Fellow
and deputy director of history for Air
Force Space Command at Peterson
AFB in Colorado Springs, Colorado.
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2015 ISS RESEARCH AND DEVELOPMENT CONFERENCE

Snapshots of the 4th ISS Research and Development Conference
(Photos courtesy of CASIS/Austin Jordan)

We greatly appreciate the support
of the following sponsors who
made this event possible.
PLATINUM
The Boeing Company

GOLD
Orbital ATK

SILVER
FedEx® Space Solutions
Sierra Nevada Corporation
United Launch Alliance

MARKETPLACE
Airbus DS Space Services Inc.
CSS-Dynamac
Ecliptic Enterprises Corporation
Fish & Richardson
HNu-Photonics
Kentucky Space/Space Tango
Lockheed Martin
NanoRacks
Space Virtual Reality
Techshot, Inc.
Teledyne Brown Engineering
ZIN Technologies
BioServe Space Technologies
Boy Scouts of America-Chicago Land Council
Eli Lilly
Massachusetts Life Sciences Center
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Save the Date!
July 12-14, 2016
5th International Space Station
Research and Development
Conference

San Diego, California
SPACE TIMES • July-August 2015
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Join the American Astronautical Society
or renew or update your membership online at
www.astronautical.org
or use the form below.
Follow AAS on:

www.facebook.com/AmericanAstronauticalSociety

www.twitter.com/astrosociety

www.youtube.com/user/astrosociety

http://www.slideshare.net/astrosociety

Membership Application
703-866-0020
www.astronautical.org
www.twitter.com/astrosociety
www.facebook.com/AmericanAstronauticalSociety
___________________________________________________________________________________________
Mr./Mrs./Ms./Dr./Rank
Last Name
First Name
___________________________________________________________________________________________
Title
Affiliation
___________________________________________________________________________________________
Address
___________________________________________________________________________________________
City
State
Zip Code
___________________________________________________________________________________________
Phone
Email
Membership Benefits Include: Subscriptions to The Journal of the Astronautical Sciences
(quarterly) and SPACE TIMES magazine (bi-monthly), as well as reduced rates at all AAS events.
Visit the AAS website at www.astronautical.org for additional information about benefits.
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Membership Type

Member ........................................$100
Senior Member .................... $115
Fellow (renewal only) .............. $115
Retired ................................ $50
Retired Fellow (renewal only) . $50
Teacher (K-12) ..................... $45
Student (full-time) ................ $45

Payment Method
Check
AMEX

Discover

MasterCard

VISA

___________________________________

Credit Card Number

___________________________________

Expiration Date

___________________________________

Code (on back of credit card)

___________________________________

Signature

Mail to: American Astronautical Society
6352 Rolling Mill Place, Suite 102
Springfield, VA 22152-2370
Fax to: 703-866-3526
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AAS CORPORATE AND INSTITUTIONAL MEMBERS

AAS Corporate and Institutional Members
a.i. solutions, Inc.
Aerojet Rocketdyne
The Aerospace Corporation
Aerospace Industries Association
Analytical Graphics, Inc.
Applied Defense Solutions, Inc.
Arianespace
Auburn University
Ball Aerospace & Technologies Corp.
The Boeing Company
CASIS
Colorado Center for Astrodynamics Research (CCAR)
Dynetics, Inc.
Edge Space Systems, Inc.
Embry-Riddle Aeronautical University
Honeywell Technology Solutions, Inc.
International Space University
Jet Propulsion Laboratory
JHU / Applied Physics Laboratory
KinetX, Inc.
Lockheed Martin Corporation
Marquette University
Northrop Grumman

Orbital ATK
The Pennsylvania State University
Phillips & Company
Qwaltec
RWI International Consulting Services
SAIC
SGT, Inc.
Sierra Nevada Corporation
Space and Technology Policy Group, LLC
Space Dynamics Lab / Utah State University
SpaceX
The Tauri Group
Texas A&M University
United Launch Alliance
Univelt, Inc.
University of Alabama in Huntsville
University of Florida
University of South Florida
University of Strathclyde, Glasgow
University of Texas at Austin
Virginia Commercial Space Flight Authority /
Mid-Atlantic Regional Spaceport
Women in Aerospace

Thank you for your continued support!

Welcome New AAS Institutional Member
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6352 Rolling Mill Place
Suite 102
Springfield, VA 22152-2370

Address Service Requested

2015-2016 Schedule of Events
September 15-18, 2015
AMOS - Advanced Maui Optical & Space
Surveillance Technologies Conference
Wailea Marriott
Maui, Hawaii
www.amostech.com
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February 5-10, 2016
AAS Guidance and Control Conference
Beaver Run Resort
Breckenridge, Colorado
www.aas-rocky-mountain-section.org

September 26, 2015
Explore@NASAGoddard Open House
NASA Goddard Space Flight Center
Greenbelt, Maryland
www.nasa.gov/explorenasagoddard

February 14-18, 2016
AAS/AIAA Space Flight Mechanics Meeting
Embassy Suites Napa Valley
Napa, California
www.space-flight.org
ABSTRACT DEADLINE: October 19, 2015

October 12-16, 2015
International Astronautical Congress (IAC)
Jerusalem, Israel
www.iac2015.org

March 8-10, 2016
Robert H. Goddard Memorial Symposium
Greenbelt Marriott
Greenbelt, Maryland

October 27-29, 2015
Wernher von Braun Memorial Symposium
The University of Alabama in Huntsville
Chan Auditorium, Business Administration Building
Huntsville, Alabama
www.astronautical.org

July 12-14, 2016
International Space Station (ISS) Research and Development
Conference
Town and Country Resort & Convention Center
San Diego, California

www.facebook.com/AmericanAstronauticalSociety

www.twitter.com/astrosociety SPACE
www.youtube.com/user/astrosociety
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