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PRESIDENT’S MESSAGE
Thank you for re-electing me as your president! It has been an honor and privilege
to serve in this role for the past two years, and I am proud to have the opportunity to
continue leading the Society and working with you in the coming years to achieve
our goals.
Your new and returning AAS officers and directors held a strategic off-site in
January to review our accomplishments and activities in 2014 and develop our plans
for 2015 and beyond. In addition to our technical meetings and Goddard and Von
Braun symposia and ISS conference, we will hold a fourth conference at the Jet
Propulsion Laboratory in mid-May. The theme is “Astronauts and Robots: Partners
in Space Science and Exploration,” and it will be held at the Theodore von Kármán
Auditorium. Our last conference in Pasadena was in June 2009, and we are happy to be returning there to examine
a key underpinning of our space program. In addition to our collaboration with JPL, we are very pleased to be
partnering with The Planetary Society.
Based on the success last year of our smaller and more focused events on topical issues, such as our Google+
Hangout on Severe Weather and the ISS Utilization event in Washington, we plan to continue to organize more
such events this year. In the coming weeks, please check our website for more details on these events, some of
which will employ Google+ Hangout to enable easy, wide participation.
At the offsite, we also examined how we can increase our individual, corporate, and institutional memberships;
expand our efforts to reach and support students and young professionals; and enhance our communication and
social media activities. We also discussed the progress that has been made on transitioning The Journal of the
Astronautical Sciences from print to online. More content is being added to the online journal all the time, and we
are looking at ways to expand its audience.
AAS has already gotten off to a good start in 2015! The Space Flight Mechanics Meeting in Williamsburg,
Virginia, January 11-15 and the Guidance and Control Conference in Breckenridge, Colorado, January 30-February 4 were both well attended. The quality of the papers presented at both events was outstanding, and Rao Vadali
received the 2014 Dirk Brouwer Award in Williamsburg. I want to thank our Space Flight Mechanics Committee
and Guidance and Control Committee for their outstanding efforts in organizing these first class events every year.
I hope to see many of you at the 53rd Annual Robert H. Goddard Memorial Symposium March 10-12. The
Symposium Planning Committee, chaired by AAS Vice President Programs Harley Thronson, has put together
an excellent program entitled “On the Cusp: What’s Next?” We look forward to hearing from NASA Administrator Bolden and senior government and industry officials who will address the important issues facing the global
space program today. We will also hear the views and aspirations of the next generation on space today and in the
future. Finally, we will be celebrating the accomplishments of many of our colleagues at the Honors and Awards
Luncheon. You will find a list of the AAS award recipients and Fellows in this issue of Space Times.
We have an exciting year ahead of us as we enhance our efforts to support our members and strengthen the
space program and profession! I look forward to working with you to achieve our goals and seeing you at our
upcoming events.
AAS – Advancing All Space

Lyn D. Wigbels
lyn.wigbels@cox.net
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Overcoming Extreme Weather: Informing a
Weather-Ready Nation
by Ron Birk and Laura Delgado López
This article captures highlights from a Google Hangout on Air co-organized by AAS and AMS on September 18, 2014.
Everyone is affected by the ever-changing weather. We’re fortunate the space-based weather observing systems operated by the
National Oceanic and Atmospheric Administration (NOAA) and NASA help us to know what’s coming. As our population grows,
we’re experiencing increasing impacts from extreme weather conditions including hurricanes, tornadoes, and severe winter storms.
Fortunately, monitoring technologies and the science of weather forecasts are improving as well. People routinely benefit from this
timely information to make daily decisions. In times of extreme weather, our decisions can result in protection of our lives and property. One of the goals of NOAA’s Weather-Ready Nation and ambassadors from across the weather enterprise is to enable people to
make good decisions. This requires confidence in the forecasts, and the science and technology behind them.
This was a key theme of the Google+ Hangout on Air co-organized by the American Astronautical Society (AAS) and the American Meteorological Society (AMS) last September. The event was designed to reach out to a broad audience through the convenience
of social media. The Google+ Hangout allowed people anywhere to follow the engaging panel discussion of next-generation weather
satellites and forecast models on their mobile devices. And like the pervasiveness of the weather, the event reached people around
the world, with over 2,500 views live and 10 million impressions recorded in the associated Twitter session at hashtags #extremewx
and #ngweather.
Judging by the magnitude of response, the exchange served its intended outreach role. Visit http://www.northropgrumman.com/
extremeweather to view the archived Hangout, and access speaker information.

Figure 1 - Promotional material developed for the Overcoming Extreme Weather Google+ Hangout
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Energized and Engaging Panel
The Overcoming Extreme Weather: Informing a Weather-Ready Nation event brought together current and future weather experts
to share exciting updates on advancements in science and technology. From Earth observing satellites to forecast models to impactbased decision support, the topics spanned the spectrum of the venerable supply chain of weather information.
Laura Delgado López led the lively and engaging discussion with distinguished and valued panelists, including:
- Dr. Louis Uccellini, Director, National Weather Service, NOAA
- Jason Samenow, Weather Editor, Capital Weather Gang
- Maria LaRosa, meteorologist, The Weather Company
- Amanda Mitchell, Millersville University Graduate Student in Integrated Science Applications
- Dr. Marshall Shepherd, Past President, American Meteorological Society and Georgia Athletic Association
  Professor, University of Georgia
Next-Generation Satellites and Forecast Models for Improved Decision Making
“With increases in severe weather comes increasing vulnerability of people to its impacts,” said Dr. Louis Uccellini. This poses
challenges and drives the Weather Ready-Nation initiative to involve the entire weather enterprise and improve community resilience
in the face of extreme weather events.
Preparedness requires more advance notice to provide time for heavily populated areas to take action, including evacuation. Given
this need, the national weather enterprise led by NOAA is taking steps towards the next stage of weather forecasting.
Dr. Marshall Shepherd described NOAA and NASA plans to launch advanced science instruments in space to collect detailed
data to improve weather “nowcasts” and forecasts. These systems contribute to improving the accuracy and resolution of weather
forecasts. Next-generation satellites include both polar orbiting satellites, including the NOAA Joint Polar Satellite System (JPSS),
and geostationary satellites, including the NOAA Geostationary Operational Environmental Satellite (GOES-R). Data from these
systems are combined with measurements from complementary satellites, as well as platforms deployed internationally.

Figure 2 - JPSS polar and GOES-R geostationary observing satellites (Sources: NOAA (above) http://www.jpss.noaa.gov/media_gallery-p1.html/
and (right) www.goes-r.gov)
In addition to advances in observations, improved forecasts also require improved models, which in turn depend on high performance computing and the global observing system. Uccellini heralded impressive weather models NOAA is transitioning to operations, including the High Resolution Rapid Refresh (HRRR) model that came on line on September 30, 2014, and the Global Forecast
System (GFS) model with resolution improved by a factor of 4, from 27 km to 13 km, by the end of the year. NOAA ingests about
2 billion observations every day, including both space-based satellites and ground radar systems. Uccellini talked about how data
from microwave sensors in spacecraft, including the Advanced Technology Microwave Sounder (ATMS) on Suomi NPP, are key
in contributing to the predictive skill of the models. He described how the Advanced Baseline Imager (ABI) instrument that will fly
on GOES-R brings a revolutionary change in observing systems, with increased number of channels and higher resolution imagery,
including a rapid refresh capability. All of these next generation capabilities dramatically improve situational awareness about atmospheric conditions.
Communicating Weather Information People can have Confidence in
The panel highlighted how weather impacts every sector of the economy – from shipping to shopping, from aviation to agriculture.
Weather information supports decision making at all levels – individuals, communities, businesses, and governments. The combination of awesome environmental science, technologies and human skills is the cornerstone of our ability to know when and how to act
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Figure 3 - Global Forecast System (GFS) product (Source: NOAA http://mag.mcep.noaa.gov/data/gfs/00/gfs_namer_006_10m_wnd_precip.gif)
in the face of evolving extreme weather conditions, key steps towards a Weather-Ready Nation.
Maria LaRosa connected dots between the virtues of quality forecasts and what they bring to everyone who starts their day checking out weather conditions. Even though people can use a phone, listen to the local weather station, or search the Internet, there are
still communication challenges. People still declare extreme weather events take them by surprise. LaRosa went on to convey “social
media has been a big part of The Weather Channel daily forecasts.” She noted the importance of evaluating the source of information,
however. While everyone can act as an arm chair meteorologist, not all are fully trained and informed. It’s very important to go with
trusted sources. LaRosa shared “a big part of the broadcast world is taking responsibility to ensure information earns the public’s
trust.”
Jason Samenow related how people depend on detailed information, and the importance of getting reliable information hours and
days in advance. People have needs to plan ahead and decide whether to walk to work or take public transportation, he said, whether
to hold a barbecue, or take a vacation at a favorite spot along the coast. Samenow also emphasized “one of the most important things
a consumer of weather information needs is a trusted source.” He highlighted how everyone needs to know where to go when they
need accurate and useful information on the weather. It comes down to who is providing reliable weather every day. Having confidence enables you to be more ready to handle extreme weather situations. Weather communicators can enhance the value of their
information by providing a range of possibilities so listeners can inform decisions based on their own risk tolerances. Technologies,
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including satellite and radar, are tools to provide compelling visual information – they are our “eyes in the sky,” he said. “Visual
information is very important to help inform people and give them confidence to take action,” added Samenow. Social media forms a
bridge between providers and users of weather information. It makes weather a conversation giving a voice to people and providing
valuable real-time updates.
Uccellini weighed in describing how “one of the major aspects of the Weather Ready Nation is ensuring NOAA’s information gets
to the media in a timely way.” NOAA is also benefiting from people in the community using social media to gather and send information during events. A key area is engaging with emergency managers and social media is increasingly used in these communications.
He emphasized “We practice, practice, practice in between events to be sure we get it right during an event.” And later added “With
the increasing use of cell phones, we need to ensure we can get our information out to be used directly by people on their devices.”
What the Future holds for Young Professionals
Amanda Mitchell contributed insight into what students need to get ready to become part of the weather enterprise. A key area
of emphasis is in communications and again using social media was noted as a key piece. With its increasing pervasiveness, social
media offers a means for collecting and disseminating weather information and its impacts tailored to local conditions. This is very
valuable in meeting individual’s needs and informing their decisions. “Social media has made a significant impact real time communications and sharing key information with friends and family,” said Mitchell.
Mitchell said students in the field are looking forward to improved prediction, advances in high performance computing, and
increasing use of crowd sourcing information, such as temperature data, from mobile phones. “Young professionals can spread the
word on the benefits of next-generation technologies and science,” she added. She also commented on the need to foster  a dialogue
between current professionals and students preparing to join the field. Fellow students recognize the value of active participation in
professional organizations, such as AMS and AAS. Mitchell made the prescient point, “everyone should be ‘weather ready’ because
you never know what is going to happen.”
Shepherd enjoined, “Our next-generation training, for students like Amanda, needs to include communication skill sets, along
with physics and meteorology.” There is also a need to improve weather forecasts by combining all qualified measurements with
the continuous advancements in science understanding of the atmosphere. He described how every day, every airport in the nation
is using weather information. “I can’t imagine a day in the life without weather information, with contributions from government,
academia, and the private sector,” he said.
In a discussion about the contributions of Dr. Bill Hooke, AMS Associate Executive Director and Senior Policy Fellow, Shepherd
talked about how Bill outlines roles people can play described in his book Living on the Real World. Professional societies are rooted
in communities and partnerships, which can provide valuable linkages and certifications. “Our future may include certifications for
digital meteorologists,” suggested Shepherd.
Uccellini added that one of the areas he emphasizes when visiting universities is the balance between understanding social science
and the connection of impact-based decision support to the delivery of science-based forecasts. He also noted the weather workforce’s increasingly interdisciplinary nature. “It’s not just the atmosphere; it’s the oceans, the ice, the land, all taken together in Earth
Science Models. Our training is increasingly interdisciplinary and features communications,” he said.
Next Steps
Many people used their mobile devices to take advantage of this exciting social media opportunity to delve into the world of
weather and learn how they can play a role in advancing a Weather-Ready Nation. Shepherd, who hosts the WX Geeks on The
Weather Channel on Sundays, said “We are becoming not only a weather ready-nation, we’re becoming a weather-interested nation.”
Understanding the nation’s weather involves thousands of people with a variety of skills and relies on the latest technology – from
the sensors taking the pulse of the planet, and the processing power to make forecasts, to the communication outlets releasing this
information to the public in a timely fashion. The robustness of this complex value chain translates into saving lives, protecting infrastructure and property, and making better use of natural resources.
We are inviting everyone to join the Weather-Ready Nation to benefit from our nation’s awesome weather capabilities and look
to the future. Science and technology tools continue to evolve and help us to bring current, accurate weather information to meet
evolving needs of decision makers across the nation, and to meet the exciting challenges facing the next generation of weather professionals.
Our AAS Special Events Committee looks forward to organizing future Google+ Hangouts on exciting topics. Stay tuned.
Laura Delgado López is a project manager at Secure World Foundation. Ron Birk is a program manager at Northrop Grumman Information Systems. Both serve on the AAS Board of Directors and on the Special Projects Committee that co-organized the briefing.
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Beyond the Flare: Highlights from an AAS-SWF
Briefing on Space Weather
by Laura Delgado López and Ron Birk
This article captures highlights from a space weather Congressional briefing co-organized by AAS and SWF on November 20, 2014.
Because of its potential impacts to us here on Earth, space weather events should capture a lot of media attention. One thing is
clear: what happens at the sun doesn’t stay at the sun.
While some are aware of the hazards high-impact space weather events can have on operations of satellites and critical infrastructure on the ground, many may not recognize space weather as a routine phenomenon requiring constant vigilance. In fact, small
and medium-scale shifts in solar conditions cause dramatic impacts on the economy every day. Although our Earth is shielded by
electromagnetic forces from our magnetosphere, the sun’s continuous outbursts have the capacity to penetrate our shield and cause
serious damage.
These were key themes at a Congressional briefing co-organized by the American Astronautical Society (AAS) and the Secure
World Foundation (SWF) last November. The event was held at the Capitol Visitor Center in coordination with the Science and Space
Subcommittee of the Senate Committee on Commerce, Science and Transportation. The goal was to raise awareness of space weather
events and their impacts, as well as ongoing efforts to better understand and respond to these energetic phenomena. Visit swfound.
org to download the presentations, speaker biographies and agenda.

This image shows two coronal mass ejections (CMEs) that erupted from the sun over a ten-hour period in August 2013 as observed by instruments
on NASA STEREO spacecraft. The CMEs are the bright clouds of particles heading off to the upper right and to the lower left of the sun, shown in
extreme UV light (green). (Source: NASA/STEREO, http://stereo.gsfc.nasa.gov/gallery/item.php?iid=222)
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Space Weather Science and Operations for Improved Decision Making
Dr. Madhulika Guhathakurta, NASA program scientist for Living With a Star and STEREO (Solar Terrestrial Relations Observatory) at the Heliophysics Division of the Science Mission Directorate, offered a comprehensive background of the scientific
underpinnings of space weather. Space weather is the applied branch of heliophysics, “a unique hybrid between meteorology and
astrophysics.” Space weather evolved from an extension of geophysical science to include the sun-Earth connections.
Why do these connections matter? As Dr. Guhathakurta explained, “Weather on the sun today is space weather in low-Earth orbit
later this week.” Changes in the sun’s magnetic field – the main cause of space weather events – can lead to radio blackouts on Earth,
satellite malfunction, and can even impact the health of astronauts on the International Space Station. NASA’s Heliophysics Division
seeks to improve our understanding of the sun and its interactions with Earth and the solar system, and operates 18 missions with 29
spacecraft. Among these is NASA’s STEREO mission, which has been able to track space weather events from their origin on the
sun’s surface all the way to Earth’s magnetosphere.
NASA’s data are combined with other observations acquired by the National Oceanic and Atmospheric Administration’s (NOAA)
Space Weather Prediction Center (SWPC). Part of the National Weather Service, SWPC is tasked with issuing official space weather
watches, warnings, and alerts. According to SWPC Director Dr. Thomas Berger, space weather is an “intensive, quantitative science”
and, like terrestrial weather forecasting, is a 24/7/365 job. SWPC’s work begins with observations and continues with assimilation
and forecast models to produce real-time products and space weather information tools, including watches and warnings. SWPC
delivers space weather products and services to thousands of decision makers – including major airlines, shipping companies, state
departments of transportation, and academia – to use to protect lives and property.

Still of the SWPC OVATION Aurura Forecast Model for December 18, 2014. The model shows the predicted intensity and location of the aurora for
a given time in either the southern or northern hemisphere, as shown above. (Source: SWPC, NOA/NWS, http://www.swpc.noaa.gov/products/30minute-aurora-forecast)
One of the biggest customers of space weather forecasts and information is the electrical power industry. Mr. Frank Koza, executive director of infrastructure planning at PJM Interconnection, noted an “enormous amount of increased awareness” of space
weather within the industry. The national power grid is particularly sensitive to space weather events as they can lead to lost voltage
and even grid blackouts. As Mr. Koza explained, the industry relies on accurate space weather forecasts and information to take preventive measures to avoid disruption to energy services that communities depend on. To improve reliability nationwide, Mr. Koza
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and others active in the North American Electric Reliability Corporation (NERC) are involved in the development of mandatory
reliability standards for all power systems across America.
In addition to collaboration with other government agencies and commercial partners, NOAA’s SWPC works closely with the
Department of Defense in the development of forecasts. According to Col. Robert Swanson, chief of Weather Strategic Plans and Interagency Integration Division at the Directorate of Weather of the U.S. Air Force (USAF) Headquarters, the USAF’s interest ranges
“from the mud to the sun” as it carries out missions around the world. In its role providing support to military and intelligence users,
the Space Weather Operations Center (SpaceWOC) provides analysis, forecasts and warnings to address potential space weather
impacts ranging from radar interference and satellite communication disruption, to launch payload failure. SpaceWOC provides services to users all over the world, including space environment global situational awareness, and produces over 40,000 products daily.

Forecaster Sgt. Matthew Money monitors the near-Earth space environment at the 2nd Weather Squadron’s space weather operations center in the Air Force Weather Agency at Offutt Air Base, Nebraska. (Source: U.S. Air Force/Josh Plueger, http://www.af.mil/News/Photos.
aspx?igphoto=2000282664)
Space weather as a Global Issue
As illustrated by Dr. Chris Cannizzaro, physical science officer at the Office of Space & Advanced Technology of the U.S.
Department of State, space weather is “an inherently international enterprise.” As captured in the U.S. National Space Policy, the
Department plays a crucial role in international cooperation in this area as part of its overall facilitation and coordination efforts in
international space cooperation.
A key effort is the International Space Weather Initiative (ISWI), initiated in 2009. ISWI seeks to develop the necessary scientific
insight to understand and forecast space weather through cooperation in instrumentation, data analysis, modeling, education, training,
and public outreach. ISWI has enabled the expansion of space weather instruments all over the world, along with conducting a series
of capability-building workshops. An upcoming workshop developed around the theme of “Science and Data Products from ISWI
Instruments” will be held in Fukuoka, Japan, in early March 2015.
Another important international aspect of space weather relates to its link with space sustainability, which can be described as our
continued ability to use outer space for peaceful purposes with socioeconomic benefits now and in the long term. An important aspect
of space sustainability is having accurate knowledge of the space environment and activities in space, also known as space situational
awareness. In his remarks, Col. Swanson described how “ruling out space weather” as a cause helps narrow probable sources of satellite interference. Being able to warn against, or identify, space weather as the source of damage or interference of systems in orbit
helps reduce misinterpretation and mistrust between space actors.
Given this dynamic, five draft guidelines specific to space weather have been developed by the United Nations Committee on
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the Peaceful Uses of Outer Space (UNCOPUOS) Working Group on the Long-term Sustainability of Outer Space Activities. The
guidelines are voluntary measures to help promote long-term space sustainability and encourage the dissemination of space weather
data, model outputs, and forecasts. The guidelines also promote sharing of best practices for mitigating the effects of space weather,
as well as education, training, and capacity-building efforts.

Presentation by Dr. Chirstopher Cannizaro (Source: U.S. Department of State)
Looking Ahead
The space weather community celebrated the successful launch of the NASA-NOAA Deep Space Climate Observatory (DSCOVR)
on February 11, 2015. DSCOVR will join NASA’s Advanced Composition Explorer (ACE) and ESA’s Solar Heliophysics Observatory (SOHO) spacecraft at the sun-Earth Lagrange point-1 (L-1), 1.5 million kilometers from Earth. From that vantage point, these
spacecraft provide critical operational data about the intensity of severe weather events giving users between 20 and 40 minutes
warning to take action.
As Dr. Berger noted, with only two operational satellites, NOAA relies heavily on NASA’s research fleet to acquire observations
and develop warnings and forecasts. Research missions, however, are not tailored for operations. As a result, balancing research and
operations to improve understanding of space weather and meet operational needs is an enduring challenge.
Panelists emphasized the challenge of communicating about space weather, which is a complex phenomenon not easy to condense in “sound bite” explanations. Discrete space weather events are sometimes over-sensationalized in media reports, while there
is generally a limited understanding of the science by the public at large. While NOAA engages routinely with the media to provide
accurate information, panelists agreed awareness efforts play a key role in improving understanding of these phenomena and their
impacts and responses. Such efforts help bridge the gap and enable scientists, policymakers, users, and the general public to discuss
space weather issues. With our societies’ dependence on technologies susceptible to space weather continuing to grow, our ability to
better understand, and respond, to space weather events is ever more critical.
Laura Delgado López is a project manager at Secure World Foundation. Ron Birk is a program manager at Northrop Grumman Information Systems. Both serve on the AAS Board of Directors and on the Special Projects Committee that co-organized the briefing, and Ms. Delgado López moderated the discussion.
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Seeing the Big Picture: From Concept to
Completion
by Paul B. Huter
Systems engineering is a complex field that utilizes multiple capable engineers to develop, design, manufacture, implement, deploy, and retire detailed and complete systems over a period of time ranging from weeks to years. Spacecraft
systems engineering is no different, although it could be argued that a spacecraft is one of the most complex systems to go
through the “Systems Engineering V” (just look at the Space Shuttle). Unfortunately, most engineers who are working on
the development of the next-generation GPS satellite or a probe to the far reaches of the solar system are so focused on their
individual task that they fail to see the “big picture” of what the total mission is about. They see their circuit board or solar
array, but miss the whole – the spacecraft and mission itself – as the mission goes from concept to completion.
An example of the type of systems engineering that should be taking place with regards to spacecraft is most readily
available in the academic world, specifically undergraduate study in Aerospace Engineering. When students first enters college, they are presented with a myriad of courses that they must take to fulfill the requirements of their degree. From basic
engineering to actual rocket science, students take required courses and elective courses to reach the point where they are allowed the honor of receiving a degree in a field that many people regard with esteem (it is rocket science, after all). The key
is that with each course – from statics to dynamics, fluid mechanics to thermodynamics, astrodynamics to attitude control –
the students are building on the knowledge gained in the previous courses and demonstrating their capability as an engineer.
However, at the same time, they are building their skills in individual areas of Aerospace Engineering, and by the time they
reach their final exams or final presentation based on a spacecraft they have helped design, they have obtained a taste of all
aspects of spacecraft design, and they truly see the big picture of what goes into designing a lunar communications satellite.
Unfortunately, when these students graduate and move out into the “real world” of aerospace engineering, they will be
encouraged to drill down to a specific specialty. Whether it is electronic bus design or supporting structure design, they will
lose touch with the other areas of the design and will begin to focus on their particular area, losing sight of what the whole
mission is. That lunar communications network will become a single gravity gradient boom, and the Jupiter infrared imaging mission will be nothing more than an electrical subsystem. This transition from the academic world to the professional
world is robbing corporations of valuable skill sets as they encourage employees to specialize themselves into areas in which
they feel most comfortable, while at the same time losing focus on what the mission itself is.
If each engineer working on the systems engineering that is incorporated into the complete design process for each new
spacecraft recognized that they are working on something bigger than a communications system or power supply, the benefits to the program would be made readily apparent. By seeing the big picture and contributing to it in any way they are
able, employees will recognize what they are working toward, sharpen and maintain those skills that they learned in academia, and, therefore, be able to contribute on more levels than an employee who is only focused on one part of the design
or manufacture.
Spacecraft systems engineering needs engineers who are able to see a project carried out throughout the entire systems
engineering process. Developing employees in only one area is hurting companies more than it is helping them, especially as
they hire new employees to meet specific needs rather than allowing current employees to work in other areas as they seek
to better understand the development of a space mission from concept to completion.

Paul B. Huter is a Space Mission Consultant with a background in spacecraft and space mission design and engineering. He has worked for NASA on the Space Shuttle and Constellation Programs, and he currently lives in Huntsville,
Alabama.
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Going Global with Exoplanets
by Nicolas Chuecos and Daniel Long

Planets everywhere, artist’s impression (Source: ESO/M. Kornmesser)

From Antiquity to the 21st Century: an Exoplanets Crash Course

Humankind has a long and rich history of looking at the stars and imagining what secrets those lights held. The idea that stars are
far-away suns with their own worlds was given voice in ancient Greece by Epicurus. In the sixteenth century, Nicolaus Copernicus
formalized a heliocentric model of the universe and Giordano Bruno argued that our solar system is not unique in the universe. These
ideas laid the foundation for the notion that planetary systems exist around other stars, which was further supported by the work of
Galileo, Huygens, and Newton.
In the nineteenth and twentieth centuries, technological progress in observation and analytical tools allowed a better understanding
of our cosmological neighborhood. Numerous science missions have since explored our solar system and helped to develop and refine
theories on its formation and evolution with growing evidence that similar systems should exist elsewhere.
The first evidence of exoplanets was published in 1992 with anomalous observations that were best explained by the presence of
planetary bodies. Since then, a growing worldwide community has developed new ways of finding and studying exoplanets, despite
the technical challenges involved. As of November 2014, Gliese 674 is the closest confirmed system at 14.8 light-years away with
over 1850 additional confirmed planets in other systems.
Detection Methods
Due to the distance to these worlds, the angular separation between a star and an orbiting planet makes the detection of an exoplanet
difficult. Direct imaging by measuring the planet’s reflected or radiated light requires complex setups because of the comparatively
blinding brightness of the star. One technique is to eliminate the star’s light by either using a device called a coronagraph to precisely
occult the starlight, or by using interferometry to cancel out the signal of the star. The complexity and cost of these systems have
limited their use and the scientific community has developed indirect methods to reveal the presence of exoplanets.
One technique that has been successfully used to indirectly detect exoplanets is called the transit method. A star’s brightness is
monitored over long periods to generate a light curve that shows a periodic dip in magnitude whenever an exoplanet transits in front
of this host star. To provide additional characterization or to detect planets that don’t align properly for the transit method, radial
velocity and astrometry techniques are available. These focus on the monitoring of a star’s movement or wobble. An orbiting planet
causes the star to wobble with properties which depend on the orbital radius and planet mass.
Gravitational microlensing is another way of detecting exoplanets. The target star’s gravitational field bends light from a more distant
star in a particular way. If a planet orbiting the target star passes in the line of sight, a slight change in the bending light will occur.
Observatories that use these methods are based both on the ground and in space. Most exoplanet discoveries have been made by
satellites because the small variations in brightness are easier to detect without atmospheric distortions or light pollution interference;
however, ground-based alternatives remain viable as they are more convenient to operate, service, and upgrade.
Past, Present, and Future of Sky-Mapping
Many spacecraft that have contributed to exoplanet discoveries have had exoplanet science as secondary mission objectives, including Hubble (1990), Spitzer (2003), and Canadian-led MOST (2003 – 2014). CoRoT (2006 – 2013) a joint project of the French
(CNES) and European (ESA) space agencies, was the first spacecraft entirely dedicated to the search for transiting exoplanets, fol-
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lowed by NASA’s Kepler in 2009, which is famous for adding hundreds of transiting
exoplanets to the confirmed list.
Other observatories intended to observe exoplanet are in various stages of development, design, or deployment. ESA’s GAIA (2013) is expected to determine the position,
velocity, and changes in brightness of a billion stars over five years and is expected to
discover tens of thousands of new Jupiter-sized planets. NASA’s successor to Hubble,
the James Webb Space Telescope, should follow in 2018 with primary missions to search
for light from the first bright objects formed after the Big Bang, study the formation of
galaxies, study early protoplanetary systems, and study the properties of solar systems
where life may be present.
Medium and small sized spacecraft projects are also planned, including CHEOPS, Artist’s impression of CoRoT (Source:
TESS in 2017, and MIT‘s ExoplanetSat. ExoplanetSat is a 3-unit CubeSat spacecraft CNES/D. Ducros)
with a goal to discover Earth-sized exoplanets in the habitable zone (where liquid water
could exist) around the nearest and brightest Sun-like stars. Other microsatellites have already demonstrated their capability, such as
Canadian Space Agency (CSA)’s MOST, and BRITE’s constellation.
On the ground, ever larger and more precise, more sensitive telescopes are being built and upgraded. Examples include the W.M.
Keck Observatory and SuperWASP, which have been in operation since 1990 and 2006, respectively. European Southern Observatory
(ESO)’s SPHERE instrument, dedicated to the imaging and characterizing of extra-solar planetary systems, has been operational on
the Very Large Telescope since June, 2014. The Thirty Meter Telescope in Hawaii and the European Extremely Large Telescope are
expected to be completed by 2022. Finally, the Square Kilometer Array, which should be able to detect radio signal equivalent to an
airport radar 50 light-years away, is expected to be completed by 2030.

Sky mapping instruments (Source: ISU/C, Ciardullo)
An International, Intercultural, and Interdisciplinary View on the Future of Exoplanet Research
In the summer of 2014, the International Space University’s Space Studies Program, hosted in Montreal, gathered an interdisciplinary team from 12 countries. This group was charged with delivering a report on practical and actionable recommendations to
enhance the field of exoplanet research.
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The team began by analyzing the roadmaps published in 2010 by ESA and NASA and by speaking with renowned experts. From
this information, the team identified opportunities to achieve the objectives of enhancing scientific return and expanding access. The
resulting report concluded that the field of exoplanetary research was in need of a platform through which new ideas could be shared,
opportunities to collaborate could be identified, and important objectives for the field could be discussed. Other organizations exist
that include exoplanets as part of their missions, but these were found to have exoplanets as a secondary focus, or the focus was on
only for a specific group of people. An international and interdisciplinary community dedicated to exoplanetary science was not found
to exist. This is the role intended to be filled with the creation of the Exoplanet eXploration Organization (EXO).
Founding EXO to Advance and Promote Exoplanetary Science
The field of exoplanetary research is young and encompasses many disciplines that have not previously engaged
with one another. Observing, characterizing, and one day traveling to exoplanets will require the combined resources
of the international community. EXO is an attempt to encourage and cultivate those international relationships
today. The organization will have three areas of focus to achieve the objectives of advancing exoplanetary science
while expanding access to, and accessibility of, the field outlined below.
1. Enhancing Scientific Communication and Collaboration
Astrophysicists, planetary scientists, astrobiologists, and many other disciplines contribute to the overall understanding of habitable
planets; researchers in these disciplines are located around the globe. Additionally, the next generation telescope necessary to perform
a statistical survey on the frequency of life on potentially habitable worlds will likely require funding beyond what any single nation
or agency is willing to provide. These facts inspired the team to suggest promising initiatives to enhance exoplanetary science with an
emphasis on promoting or facilitating communication, collaboration, and transparency in an interdisciplinary and international way.
One of the biggest impediments identified is the lack of a platform dedicated to information accessibility, sharing, and storage.
One of the initiatives from EXO would be to develop these capabilities to provide a range of valuable information. Examples include
information about exoplanet-related facilities, local organizations, research teams’ area of focus, and an e-library of relevant books
and research papers. Small teams could use the platform to advertise their promising projects; government agencies, laboratories,
or universities could promote opportunities for collaboration. This platform would also provide a point of access to an extensive
database on exoplanets.

Sketch of EXO operations. The database feeds on survey instruments for exoplanet candidates. Ground instruments and chracterization satellites can, in turn, confirm and study the candidates and feed the database with fresh information on the designated target. (Source: ISU/C.
Ciardullo)
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The area of exoplanet data availability was one example in which the team felt the need for an effort to improve sharing and availability. Databases such as the NASA Exoplanet Archive (Caltech, 2014), the Exoplanet Data Explorer (California Planet Survey,
2014), the Extrasolar Planets Encyclopedia (L’Observatoire de Paris, 2014), and the Open Exoplanet Catalogue (MIT, 2014) provide
a wealth of data but do so in an inconsistent fashion both in data provided and in metadata used to search.
One EXO initiative would be to support developing and promoting a common data and metadata format for publically available
data. The Extended Extrasolar Planets Encyclopedia (EEPE) aims at making new data-fields, links to other databases, and raw data
easier to add to the database. The rationale behind proposing EEPE and a structured format is to maximize the use of existing infrastructure, and make it easier to access an update data.
This project is one example of many initiatives the team discussed to enhance exoplanetary research. Others included offering
consulting on exoplanets projects, providing fundraising expertise, or promoting exoplanet-related interests to government agencies.
2. Education and Outreach
Exoplanets are intrinsically interesting because they spark curiosity about what other worlds exist. How far is the nearest star
with a habitable planet? How long would it take to go there? What if there was life on a planet similar to Earth? How would it have
adapted to its environment?
This topic has been very popular in the mainstream media and every discovery of a more Earth-like planet has prompted a flurry of
coverage. Such popular interest can be leveraged for the good of the field and should, therefore, be encouraged. Strong public interest
can influence the decisions of policy makers who provide research budgets. To that end, EXO would act as an advocate for exoplanetary science. Interest in exoplanets can also be used to teach scientific methods and basic science, improving public scientific literacy.
Leveraging interest in exoplanets is also a way to inspire students to pursue STEM careers. Exoplanet studies can be incorporated
into age-appropriate curriculum to inspire students in the same way that humanity’s first steps into space inspired so many during the
Space Race. Providing children with the opportunity to imagine what we might find on alien worlds and encouraging them to figure
out how we might one day travel to them offers a tangible inspiration from which to grow their interest to pursue related careers. This
is why EXO aims at empowering non-specialized audiences and students on a larger scale than exists today.
Global public interest can also benefit exoplanet research in other ways, like crowdsourcing. Exoplanet detection missions create
large amounts of data that needs consolidating, sorting, and analyzing. While much of it can be handled by computer algorithms, there
are various phenomena that need human investigation. At present, raw data is gathered much faster than it is studied. One example
is the website planethunters.com, which provides a crowdsourcing platform. After visitors complete a brief tutorial, participants analyze Kepler data by marking potential candidates while discarding uninteresting light curves. Another example is NASA-sponsored
OSCAAR (Open Source differential photometry Code for Accelerating Amateur Research), which allows amateur astronomers to
contribute their own light curves from amateur observations. These participative initiatives provide people with the ability to engage
in the research community. Crowdsourcing, however, is only as powerful as the participants, which emphasizes the need for effective
international outreach programs.
Other examples of potential EXO initiatives in education and outreach include providing massive open online courses (MOOCs)
for the public, developing exoplanet-related lesson plans for teachers around the globe, and supporting amateur astronomers by sharing tools and providing a forum for them to connect with one another.
3. Using Small Satellites to do Big Science
The third area of focus for EXO is to explore using small and relatively inexpensive
satellites to perform observations while expanding involvement to include smaller
space agencies and educational institutions. The Canadian satellite MOST was one of
the pioneers of big science from small satellites and new initiatives like BRITE and
ExoplanetSat continue down that path. This trend should be encouraged both to get
scientific return for a modest price and to expand involvement to small national agencies and even universities. UniQuE is a particularly potent idea because it provides a
route for entities interested in establishing a presence in space to do so in a peaceful
and productive way. Once a country has its own satellite in orbit performing exoplanet
research, the teams that work on that project become native advocates for their work
in their home country. The research they are doing becomes a point of national pride
and provides EXO with a natural partner in that country. The EXO team drafted what
such a project could be like and proposed the United Quest for Exoplanets.
The UniQuE mission would allow EXO to further humanity’s understanding of
the universe and our place in it, while also developing expertise in projects requiring
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international collaboration. Providing a tangible scientific return
at a low cost is a complex engineering challenge; therefore, one
path may include a partnership with the ExoplanetSat team to
develop technical expertise. This expertise could then be built
upon for future more ambitious projects.
During the project, the EXO team sketched a spacecraft
matching their vision for UniQuE. The technical motivation for
a space-based mission is to be outside of Earth’s atmosphere to
have access to long uninterrupted viewing periods.
The mission was designed in detail by the team to function as
a constellation of low-cost small satellites focused on atmospheric
characterization of exoplanets detected by previous missions,
with an emphasis on finding biomarkers.
The chosen method is transit spectroscopy: the variation of
irradiance measured during the transit is analyzed on specific
wavelength to look for molecules believed to be necessary to
develop life as we understand it, such as O2, H2O, CO2, and CH4.
The UniQuE team envisioned a standardized design based on
a 15 kg 12 unit CubeSat layout carrying a space-proven near-IR
mini-spectrometer covering the aforementioned waveband with
a sensitivity range compatible with this mission. EXO would
provide an overall baseline design and participating entities would
have the freedom to customize and size all relevant subsystems
so long as overall mission requirements are met, thereby allowing freedom for the inclusion of innovative concepts. The ideal
constellation is composed of three to six pairs of satellites on a
dawn-dusk sun synchronous orbit, which are launched as piggyback or secondary payloads.
Whenever a transit is expected for a planet in the habitable
zone of its star, the UniQuE satellites would be required to make
it their primary target and gather data during the event. The remaining time, the owner of the satellite would be free to use the
UniQuE’s ,ossopm design (Source: ISU/C. Ciardullo)
satellite for its own projects.
In this spirit of open innovation, each participant would
disclose its progress so that new satellites equipped with different instruments could be improved iteratively. The team envisioned
UniQuE to be a test bed for global research and development through participative collaboration.

A Call to Action

Exoplanetary research is a rapidly expanding field. The EXO team project believed that founding an international organization to
promote global collaboration and communication across disciplines would enhance exoplanetary research and address some of the
field’s current challenges. The team advocated for a low-cost small satellite design to operate in constellation - not only to best achieve
science and engineering objectives, but also to engage educational institutions and emerging space-faring countries to participate in
space in a productive and peaceful manner.
The authors believe in the value of pursuing both of these goals and invite you learn more from the full report at http://tinyurl.com/
TPExo and to share your thoughts at ExoplanetExplorationOrg@gmail.com

Acknowledgements

The ISU SSP14 Exoplanets Team Project was sponsored by NASA and Lockheed Martin. This article represents the dedicated
collective efforts of the entire SSP14 TP-EXO team, consisting of twenty-eight participants from a dozen nations. Special
thanks to project chair Eric Choi and teaching associate Thomas Wilson for their invaluable guidance, and to Jim Burke for
proposing the project. Thanks also go out to the experts who shared their valuable time and knowledge, to reviewers Alana
Bartolini and Jean-François Thibault, and to ISU for the amazing SSP experience.

SPACE TIMES • January/February 2015

17

AAS ANNUAL AWARDS AND FELLOWS

Congratulations to AAS Award Recipients and Fellows
SPACE FLIGHT AWARD
NORMAN R. AUGUSTINE
NEIL ARMSTRONG SPACE FLIGHT ACHIEVEMENT AWARD
Neil ArmstrongTM used with permission from the Purdue Research Foundation

CURIOSITY MARS SCIENCE LABORATORY TEAM

SALLY RIDE EXCELLENCE IN EDUCATION AWARD
THERESA SCHWERIN
INDUSTRIAL LEADERSHIP AWARD
MICHAEL GASS
SPACE LIFE SCIENCES AWARD
SCOTT SMITH
EARTH SCIENCE AND APPLICATIONS AWARD
R. STEVEN NEREM
JOHN F. KENNEDY ASTRONAUTICS AWARD
SENATOR BILL NELSON
SPACE TECHNOLOGY AWARD
BOBBY BRAUN
SPACE ENTREPRENEURSHIP AWARD
SKYBOX IMAGING and PLANET LABS
DIRK BROUWER AWARD
SRINIVAS RAO VADALI
ADVANCEMENT OF INTERNATIONAL COOPERATION AWARD
LYNN F.H. CLINE
CARL SAGAN MEMORIAL AWARD
FRANK CEPOLLINA
PRESIDENT’S RECOGNITION AWARD
PETER M. BAINUM
EUGENE M. EMME ASTRONAUTICAL LITERATURE AWARD (2013)
CHRIS IMPEY and HOLLY HENRY
2014 FELLOWS
W. MICHAEL HAWES
MORIBA K. JAH
JOHN M. LOGSDON
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UPCOMING CONFERENCES

The 2015 ISS Research & Development (R&D) Conference (July 7-9 in Boston) is your connection
to the latest innovations, breakthroughs and discoveries on-board the International Space Station.
Located at the Marriott Copley Place in the center of Boston, the 2015 ISS R&D Conference brings
together the leading minds in scientific research from the commercial and academic communities.
This 4th annual conference focuses on new discoveries in microgravity research, life sciences,
materials development and remote sensing.

Join us in Boston to gain insight and perspectives on the new era of research and technology
development. Registration is now open at www.issconference.org

Astronauts and Robots:
Partners in Space Science and Exploration
May 12-13, 2015

Theodore von Kármán Auditorium – Jet Propulsion Laboratory
Pasadena, California

www.astronautical.org
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EUGENE M. EMME ASTRONAUTICAL LITERATURE AWARD
2013 AAS Eugene M. Emme Astronautical Literature Award: Winner (Adult)

Dreams of Other Worlds: The Amazing Story
of Unmanned Space Exploration
Reviewed by De Witt Douglas Kilgore
Dreams of Other Worlds: The Amazing
Story of Unmanned Space Exploration by
Chris Impey and Holly Henry. Princeton
and Oxford: Princeton University Press,
2013. 450 pages.
Over the past generation interdisciplinarity has demonstrated important
value in historical writing. The hope is
always that knitting together knowledge
from disciplines practiced in isolation
will shed new light on old subjects. The
classic intellectual divide almost always
is reckoned as between humanistic and
scientific knowledge. This raises a significant problem for the cultural historian
who hopes to make sense of the ways that
technoscientific enterprise and innovation
is influenced by and, in turn, influences the
social worlds from which they emerge. In
Dreams of Other Worlds: The Amazing
Story of Unmanned Space Exploration,
astronomer Chris Impey and literary historian Holly Henry bridge the gap between
science and the humanities to retell, in
a refreshing way, the familiar history of
NASA and the European Space Agency’s
flagship astronomy and planetary science missions. They achieve a scientific
humanism that casts the spacecraft, rovers, and telescopes of instrumented space
exploration as the story of a culture driven
by curiosity and ambition. As a result the
reader is given both an explanation of
the scientific missions these probes are
designed to undertake and of the fictions
and music, photographs, and motion pictures that herald the acquisition of new
knowledge. This elegantly written book
has been awarded the Eugene M. Emme
Astronautical Literature Award for 2013.
The book’s thirteen chapters cover

eleven major exploratory missions from
the 1960s to the twenty-first century. The
first half of the book presents the heroic
age of planetary science with chapters
on Viking, MER, Voyager, Cassini and
Stardust. Astronomical instruments and
their achievements, from investigations of
the sun (SOHO) to the deep sky missions
of Hipparcos, Spitzer, Chandra, HST and
WMAP, make up the book’s second half.
Some of these projects were high-profile
initiatives that have been covered extensively in popular and scholarly writing.
Indeed, Dreams of Other Worlds makes
an excellent companion to Jay Gallentine’s
Ambassadors From Earth: Pioneering
Explorations with Unmanned Spacecraft,
the 2009 Emme Prize winner. Impey and
Henry’s particular contribution, however,
is to shed new light on this aspect of space
exploration by showing how scientific
exploration functions as a cultural en-
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gagement.
Dreams of Other Worlds couples its
account of robotic space exploration with
a reading of the culture from which it
emerged. The authors’ ability to juggle the
various parts of their story is an impressive
feat. Cultural events jostle with science
and invention, the personal commitments
of scientists and engineers mingle with
the preoccupations of writers and artists,
material discovery sparks philosophical
revelation. The thread that ties these things
together is scientific and public interest
in finding life on other worlds. While the
authors are careful to lay out the difference between speculation and discovery,
they also show that the interest in finding
some companion biosphere has been and
continues to be an aspect of astronomical dreams and, by extension, that of our
common culture.
The achievement of this book is to present robotic spaceflight in intimate relation
to the cultural world we all inhabit. Its
central claim is that through art, whether
popular or elitist, science has its best and
most lasting impact on scientists and the
public alike. Astronomical and planetary
science, it seems, are public properties despite the necessary formalities created by
their methods and professional practices.
Dreams of Other Worlds succeeds in connecting the cultural work of science to everyday dreams and stories (pp. 259-260).
De Witt Douglas Kilgore is an Associate
Professor of English and Adjunct Professor of American Studies at Indiana
University and a member of the History
Committee of the American Astronautical Society.
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NOTES ON A NEW BOOK

X-15: The World’s Fastest Rocket Plane and
the Pilots Who Ushered in the Space Age
Reviewed by Rick W. Sturdevant
X-15: The World’s Fastest Rocket
Plane and the Pilots Who Ushered
in the Space Age by John Anderson
and Richard Passman. Minneapolis:
Zenith Press, 2014. 144 pages. ISBN
9780760344453. US $30.00 (hardback,
illustrations, tables, figures, index).
In the last decade, publishers have
released more than a half dozen books
about the X-15 rocket plane. Some
informed readers might ask, why
another volume on this aerospace
craft? Presumably, the answer is not
because John Anderson, curator of
aerodynamics at the Smithsonian
National Air and Space Museum, and
Richard Passman, a volunteer historian
at the same institution, found something
startlingly different to say but, rather,
because the X-15 and its pilots capture
people’s interest. The flight program
ceased in 1969, but the remaining
airframes went to the Smithsonian
and U.S. Air Force museums, where
thousands of visitors annually admire
them.
Anderson and Passman wrote X-15
from the perspective of “a concise
biography” of the craft, its mission, and
its pilots and engineers. They envisioned
this relatively slender volume as “a
companion to the airplane that hangs at
the National Air and Space Museum”
(p. 7). That orientation is what they
believe makes their book different
from other valuable references, such
as Milton Thompson’s At the Edge of
Space (1992), Dennis Jenkins’s and
Tony Landis’s Hypersonic (2003),
Dennis Jenkins’s X-15 (2007), and
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Jay Miller’s The X-Planes (2001). The
latest authors hope museum visitors
will gaze upon the X-15 as “the Wright
Flyer of hypersonic airplanes” (p. 16).
Combining abundant photographs
with a few charts, graphs, and tables,
Anderson and Passman provide
readers unfamiliar with the X-15 a
comprehensible, visual story. They
offer more knowledgeable readers,
particularly those familiar with
aircraft design and flight dynamics, a
descriptive narrative mildly laced with
engineering jargon. All who read the
book should come away appreciating
that the X-15 program “left an
important legacy in the development
of manned hypersonic flight” (p. 24).
The plane’s adaptive control system
and power-assist controls, to use one
specific example, demonstrated that
airplanes flying through varied regions
of aerodynamic force, “even while
rapidly traversing from one region to
another with high accelerations and
decelerations, could be flown safely by
trained pilots” (p. 134).
Even wizened aerospace historians,
scientists, or engineers might refresh
their memories by perusing the
pages of X-15. They might not have
remembered that Kelly Johnson,
undoubtedly the country’s most famous
airplane designer in the 1950s, was the
only member of the National Advisory
Committee for Aeronautics (NACA)
Committee on Aerodynamics to oppose
proceeding with the X-15 program in
October 1954. The career highlights
of the twelve research pilots who flew
the X-15 are worthy of reflection. It

might not be self-evident that obtaining
maximum speed or maximum altitude
required different flight conditions. The
book is loaded with similar memory
joggers.
Despite the authors’ failure to
mention the record-setting flight
of Virgin Galactic’s SpaceShipOne
in October 2004, they admirably
familiarize a broad audience with the
once mysterious realm of hypersonic
manned flight. This accomplishment
takes on added importance when we
consider that companies like Virgin
Galactic and XCOR Aerospace might
soon make commercial hypersonic
flight a recurring, if not routine, reality.

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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