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      AAS – Advancing All Space

      Lyn D. Wigbels
      lyn.wigbels@cox.net

As we approach the end of 2016, we are transitioning to new leadership for the Society. It 
is hard to believe that four years have passed so quickly, and my term as President is coming 
to an end. It has been an honor and privilege to serve as your President. Together, we have 
strengthened our core programs and undertaken new efforts to enhance AAS’s contributions to 
the space community, support our profession, and engage the next generation of space leaders.

AAS is on a good financial footing going forward. Over the past few years, we made many 
decisions to bring AAS in line with the value it provides in several areas. We have received 
much more exposure and recognition from our outstanding conferences, special events such 
as the “Space-based Environmental Intelligence” event at the Navy Memorial on December 
1, and Google Hangouts. Our Goddard and Von Braun Symposia are well established and 
enjoy significant community input and support. We have established a solid agreement with 
CASIS on the organization of the annual ISS R&D Conferences. For all of these, we have a 
great partnership with and solid support from NASA. Our technical conferences continue their 
excellence, and they have been attracting more attendees over the past few years. I’m also happy to note that since late 2014, we 
have hosted 28 Google Hangouts with the American Astronomical Society. They have covered a wide variety of topics, attracted 
a large audience, and will continue to be held often during 2017.

We have done more to support and engage the next generation – we reestablished the Education Committee and created a 
Young Professional Committee. Young professionals are making significant contributions to the Society by serving as Directors 
and Officers and on our conference organizing teams. We also partner with the Future Space Leaders Foundation to support the 
next generation’s participation in the International Astronautical Congress and AAS and other space events.

Thanks to the input from and contributions of young professionals, we have a newly designed website. The effort was led by 
our Vice President Strategic Communications & Outreach with significant involvement from young professionals. It is great to 
see our virtual face to the world look modern and up to date!

The Board recently approved the AAS Patti Grace Smith Award to recognize Patti’s commitment to the development of young 
professionals and will recognize both a young professional and a mentor. Each year, it will be given to:

• Individuals 35 years or younger who have already made significant contributions to the endeavors of the space community
• Individuals who are committed to the future of the space community by mentoring young professionals and/or creating 

opportunities for their advancement in the work force
We were fortunate to be selected to receive a large donation this year from someone who included in his will that he wanted 

some of his estate to support space travel. We have applied some of this donation this year to the special event on December 1, the 
CanSat competition which is attracting more students every year, and complimentary registrations for students at our conferences. 
This generous donation will help support activities like these for many years to come.

Finally, we are able to accomplish all of this because we have an outstanding executive office that has enthusiastically stood up 
to support many new initiatives on top of our core services. We owe a lot of gratitude to Executive Director Jim Kirkpatrick and 
Executive Assistant Diane Thompson for their efforts and commitment to the Society.

I want to thank our corporate, institutional, and individual members for your strong and active participation. With a new President 
and Congress beginning next year, there will be examinations of current space policies and activities and discussions on future 
directions of the U.S. space program. AAS is well poised to continue to further understanding of the importance of space activities 
and their contributions to scientific and technological advancement, global leadership, the economy, society, and the next generation.

Happy Holidays and Best Wishes for 2017!
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Astronaut Gene Cernan – commander 
of the last lunar landing mission in Decem-
ber 1972 – remarked that “Mine would be 
man’s last footstep on the Moon for too 
many years to come.” Nearly fifty years 
have passed since Cernan stood on the 
Moon and expressed those bittersweet 
feelings about the end of an epochal event 
in human history.

Calypso poet, philosopher, and trou-
badour Jimmy Buffett writes in “Beach-
house on the Moon” about the “relics from 
Apollo trips when the Earthmen came to 
play” as if voyages to other celestial bod-
ies are a thing of the past. Poet B.J. van 
Look’s “On Apollo, Before I Was Born” 
criticized the end of the aggressive space 
exploration efforts that took Americans to 
the Moon before she entered the world. 
“We once had people on the Moon, before 
I was even born, a year before I’d even 
been conceived. And unless I’d seen the 
pictures of Buzz Aldrin on the Moon, it’s 
nothing I’d ever have believed.”

Quite a bit more than half of the world’s 
population has been born since the last lu-
nar landings, and it is past time to go back, 
this time to stay. Fortunately, we can. We 
have the technology, the economy, and the 

Whither a Lunar Base in the Twenty-first 
Century?
by Roger D. Launius

This impressive lunarscape, with an Apollo 17 astronaut and the lunar rover small at the center of the image, suggests the 
awesomeness of the “Magnificent Desolation” of the Moon. It also suggests why we did not continue lunar exploration, we 
found nothing there that society truly wanted. (Credit: launiusr.wordpress.com)

scientific understanding. All we need is the 
will. Unfortunately, we have repeatedly 
shied away from making the commitment 
that would unleash the resources necessary 
to return to the Moon. Moving outward 
and creating a permanent human presence 
on the Moon represents a destiny that we 
cannot deny.

Russian/Soviet spaceflight philosopher 
Konstantin Tsiolkovskiy wrote just after 
the turn of the twentieth century that “The 
earth is the cradle of reason, but one can-
not live in a cradle forever.” He argued, as 
have many that followed, that the Moon 
represents a natural place for homes for 
humanity as we move outward from Earth.

In 1989 President George H.W. Bush 
challenged the American public to go 
“back to the Moon and on to Mars” but 
the effort was largely stillborn because 
of both the lack of the infrastructure to 
make it possible and the detailed knowl-
edge necessary to undertake long-term 
deep space missions. We are on our way 
to filling these gaps and the possibility of 
establishing a lunar base is very real, along 
with good reasons to do so. In 2004 the 
second President Bush, George W., made 
a similar announcement. How have those 

worked out for us?
One may ask, why go to the Moon 

and Mars? From Captain James T. Kirk’s 
soliloquy – “Space, the final frontier” – at 
the beginning of each Star Trek episode to 
President John F. Kennedy’s 1962 speech 
about setting sail on “this new ocean” of 
space, many view this exploration as cen-
tral to who we are and what makes us hu-

(Credit: NASA/Wrentham Painter)
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NASA conception of a lunar base from 1986 (Credit: NASA)

man. Astronaut then Senator John Glenn 
captured some of this tenor in 1983 when 
he summoned images of the American 
heritage of pioneering and argued that the 
next great frontier challenge was in space. 
“It represents the modern frontier for na-
tional adventure. Our spirit as a nation is 
reflected in our willingness to explore the 
unknown for the benefit of all humanity, 
and space is a prime medium in which to 
test our mettle.”

These represent eloquent and mov-
ing defenses of America’s human space 
efforts in all its permutations. But here 
we sit, without an American launcher to 
send humans into space. Efforts on several 
fronts ranging from large government pro-
grams to entrepreneurial enterprises may 
well resolve this in the next few years, but 
until then we remain Earth-locked.

I believe that an endeavor to return to 
the Moon is essentially a moral imperative 

for those of us who want to see humans 
build a permanent presence beyond this 
planet. Why return to the Moon? This is a 
critical question, especially since humans 
have already “been there, done that.” For 
me, there are six compelling reasons:

1. It is only three days travel time from 
Earth, as opposed to the distance to Mars 
of nearly a year’s travel time, allowing 
greater safety for those involved.

2. It offers an ideal test bed for tech-
nologies and systems required for more 
extensive space exploration.

3. It provides an excellent base for 
astronomy, geology, and other sciences, 
enabling the creation of critical building 
blocks in the knowledge necessary to go 
farther.

4. It extends the knowledge gained with 
the space station in peaceful international 
cooperation in space and fosters stimula-

tion of high-technology capabilities for all 
nations involved.

5. It furthers development of low-cost 
energy and other technologies that will 
have use not only on the Moon but also 
on Earth.

6. It provides a base for nuclear weap-
ons that could be used to destroy near-
Earth asteroids and other threats to Earth.

Once accessibility to the Moon is rela-
tively routine – come on SLS – building 
a human outpost there is within reach. 
And unlike Earth orbit, the Moon has an 
abundance of materials available from 
which to create a largely self-sufficient 
base. This will probably be established 
just below the surface probably near the 
Moon’s poles where ice has been detected. 
Using ice from the poles, humans will be 
able to create water, oxygen, and hydro-
gen. Using solar energy may also create 
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Roger D. Launius recently retired as 
associate director of collections and 
curatorial affairs at the Smithsonian 
Institution’s National Air and Space 
Museum, Washington, D.C.

virtually unlimited electrical power. These 
are critical components for a permanent 
human presence, and they already reside 
on the Moon in abundance.

Any lunar base will probably look a lot 
like Antarctica, at least in the short term. 
It will start as an international research 
station staffed by scientists, engineers, 
and technicians performing useful tasks 
that benefit all of humanity. In so doing 
it could enable continued peaceful and 
evolutionary international cooperation 
in space relatively close to Earth. An 
internationally supported lunar base pro-
gram involves and even necessitates the 
following:

1. International agreement on the use 
of the Moon.

2. Stimulation of high-technology 
capabilities in all nations involved in the 
program.

3. Advancement of virtually every sci-
ence and engineering discipline in all of 
the spacefaring nations.

4. Development of low-cost energy and 
other technologies that will have use not 
only on the Moon but also on Earth.

5. Conceptualization of a new vision 
of the future in which a closed Earth is 
replaced with a boundless universe open 
to all.

For all of its possibilities, one must 
also recognize that space exploration is 
an enormously difficult process. Rocket 
pioneer and space exploration advocate 
Wernher von Braun once said, “We can 
lick gravity, but sometimes the paperwork 
is overwhelming.” Perhaps the hardest 
part of spaceflight is not the scientific and 
technological challenges of operating in an 
exceptionally foreign and hostile environ-
ment but in the down-to-Earth environ-

ment of rough-and-tumble international 
and domestic politics. Even so, coop-
erative space endeavors have been richly 
rewarding and overwhelmingly useful, 
from all manner of scientific, technical, 
social, and political perspectives. A lunar 
base as a cooperative venture will also 
help the people on Earth to live together 
in greater harmony.

The Moon in the next few years, like 
Antarctica, could become an international 
protectorate with scientists from many 
nations of the Earth permanently in resi-
dence. In the process more will be learned 
about both the universe and humanity.

It is with profound sadness that we note the 
passing of former Senator John Herschel 
Glenn, Jr., on December 8, 2016, at age 95. 
John Glenn was the first American to orbit 
our planet. His bravery and commitment to 
service were evidenced throughout his life, 
from his courageous days as a naval avia-
tor in World War II to his fearless flight into 
the heavens as the first American to orbit 
the Earth and finally to his days as a public 
servant and educator.

As we reflect on John Glenn’s life and service, 
we cannot help but be grateful for the many 
contributions he made to the betterment of 
humanity and the inspiration he provided 
through it all. John Glenn – a true American 
hero.

Remembering John Glenn
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A small piece of the Darwin Mil-
lennium Space Rock (DMSR) – which 
flew in space aboard the MIR Space 
Station from August 1998 to August 
1999 – will now re-fly in space and 
land on the Moon in 2017. A small 
piece of the Darwin Millennium Space 
Rock has already been shipped from the 
UK to Astrobotic’s USA facility to be 
integrated into the Griffin lunar lander 
payload container in preparation for its 
2017 launch toward the Moon and its 

Darwin Rock to Land on the Moon in 2017
by Phill Parker

The Darwin Millennium Space Rock exhibit (left) that was flown aboard the MIR Space Station from August 1998 to 
August 1999; plaque wording (right) (Image credit: Phill Parker)

subsequent lunar landing.
This is not the first time the Darwin 

Millennium Space Rock will have trav-
elled in space!

The original  Darwin Millennium 
Space Rock was carried aboard the Rus-
sian Soyuz TM-28 manned spacecraft by 

cosmonaut Sergei Avdeyev to the MIR 
Space Station on August 13, 1998. This 
small piece of North Staffordshire Dol-
erite igneous volcanic rock returned to 
Earth just over one year later on August 
28, 1999. It later went on to be displayed 
in several museums and visitor centers 
including The Potteries Museum & Art 
Gallery, Paisley Museum, and Stockport 
Hat Museum. It was also displayed at 
NASA Kennedy Space Center Visitor 
Center during space shuttle operations 

from November 1999 to February 2000 
where over half a million visitors passed 
through the exhibition.

Now, a small piece from this Darwin 
Millennium Space Rock will fly in 
space and land on the Moon in 2017.

The Darwin Millennium Space Rock 

story begins in 1842 with famous scien-
tist Charles Darwin. During that year 
of 1842, about three miles into one of 
his frequent long walks from his Uncle 
Josiah Wedgwood’s home at Maer Hall 
near Newcastle-Under-Lyme, Stafford-
shire, famous scientist Charles Darwin 
discovered a Dolerite rock volcanic 
magma intrusion in the sandstone rock 
banks that form the typically English 
countryside “Butterton Lane” (52º 59’ 
N, 2º14’ W).

In that same year, Darwin was pre-
paring his revolutionary “pencil sketch” 
for his evolution of species theory that 
was later to be called “On The Origin 
of Species.” It is likely that he found 
the peace and solitude of these English 
lanes between Maer, Butterton, and 
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The Darwin Millennium Space Rock 
logo on a cloth patch (Image credit: 
Phill Parker)

Mockup of Astrobotic Griffin Unmanned 
Lunar Lander (Image credit: Astrobotic)

The Darwin Millennium Space Rock and associated posters on display inside the 
NASA Kennedy Space Center Visitor Center from November 1999 to February 
2000 (Image credit: Phill Parker)

A SpaceX Falcon 9 rocket of the type 
that will launch the Astrobotic Griffin 
lander toward the Moon in 2017 (Image 
credit: SpaceX)

Newcastle-under-Lyme just the right 
kind of environment in which to pre-
pare such a historic document since the 
lane still exists today. The discovery by 
Darwin of this 53 million years old vol-
canic intrusion, called a geological dyke, 
proved to be of importance to leading 
contemporary geologist Roderick Impey 
Murchinson, who had earlier predicted 
that igneous rocks (such as dykes) ob-
served in the Welsh Shropshire border-
lands would extend into Staffordshire 

and beyond. The discovery provided 
the proof that Murchinson was seeking. 
Incidentally, Darwin was Secretary of 
the Geological Society of London from 
1838-1841 and a foremost geologist of 
his era with great knowledge on plutonic 
and volcanic rocks gained from his ear-
lier education and travels aboard “The 
Beagle” to South America.

The original idea and concept for the 
spaceflight of the commemorative rock – 
dubbed “The Darwin Millennium Space 
Rock” – was that of Phill Parker from 
Newcastle-under-Lyme, Staffordshire, 
UK. A well known award winning space 
writer and lecturer (Apollo missions, 
space colony articles), Phill lives just 
one mile from the historic Butterton 
Dyke geological site where he collect-
ed the specimen Dolerite rock from 
Darwin’s dyke that became the Darwin 
Millennium Space Rock. Besides acting 
as a fitting tribute to Darwin, Phill views 
the Darwin Millennium Space Rock as a 
“token “ from the people of the second 
millennium that can carry their hopes, 
spirits, and dreams forward to the people 
of the third millennium  – to encourage 
them to continue the human exploration 
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Phill Parker authored many Apollo 
manned lunar landing articles for 
the British Interplanetary Socie-
ty “Spaceflight” magazine in the 
1960s-70s - several of which are cited 
in NASA’s official Apollo Bibliography 
and, additionally, founded the West 
European Space Colony Society in 
1975 - which later merged with the 
prestigious US National Space Society 
(NSS). He has produced many space-
flight exhibitions at museums in the 
UK and delivered over 750 talks on 
space missions across UK since 1964, 
as well as writing dozens of articles on 
spaceflight (spaceuk@gmail.com, +44 
1782 612808).

The actual small piece of the Darwin Millennium Space Rock that will land on the 
Moon aboard the Astrobotic Griffin lunar lander in 2017 (Image credit: Phill Parker)

The Moon’s Lacus Mortis region which is the target for the Astrobotic Griffin lunar 
lander (Image credit: Phill Parker)

of space. It is highly likely that during 
the next thousand years not only will we 
discover extraterrestrial life (whether it 
be fossilised, microbial, plant, or even a 
recognizable intelligent living life form) 
but then – just as Darwin had recognized 
our terrestrial “Origin of Species” – 
human beings will have to consider the 
“origin of extraterrestrial species.”

Now a small piece from that original 
Darwin Millennium Space Rock has 
been prepared and will fly and land on 
the Moon aboard the Astrobotic Griffin 
unmanned lunar lander spacecraft in 
2017. The Griffin lunar lander will be 
launched by a SpaceX Falcon 9 rocket 
from Cape Canaveral, Florida. The small 
piece of the Darwin Millennium Space 
Rock has already been shipped from the 
UK to Astrobotic’s USA facility to be 
integrated into the Griffin lunar lander 
payload container in preparation for its 
launch toward the Moon and subsequent 
landing. The Griffin lunar lander is tar-
geted to land at the Moon’s Lacus Mortis 
region in 2017.
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Nearly 45 years since the original Apol-
lo 14 Moon Tree seeds were flown around 
the Moon, spaceflight enthusiast Phill 
Parker – from Newcastle-under-Lyme, 
Staffordshire, UK – is flying a number of 
Moon Tree generational Sycamore seeds 
from the original Apollo 14 Moon Trees 
Project aboard the unmanned Astrobotic 
Griffin Moon Mission One back to the 
Moon – this time to land on its surface 

UK to Send Apollo 14 “Moon Trees” Seeds 
to Land on the Moon in 2017
by Phill Parker

in 2017.
The third U.S. manned lunar landing 

mission, Apollo 14, was launched in the 
late afternoon on January 31, 1971. Five 
days later, astronauts Alan Shepard and 
Edgar Mitchell landed in their Lunar Mod-
ule “Antares” and walked on the Moon in 
the Frau Mauro highland region exploring 
“Cone Crater” while their colleague and 
fellow astronaut, Stuart Roosa, a former 

U.S. Forest Service smoke jumper, orbited 
above the Moon in the command module 
“Kitty Hawk.”

Packed in small containers in Roosa’s 
personal kit were hundreds of tree seeds, 
part of a joint NASA/USFS project. Upon 
return to Earth, the seeds were germinated 
by the U.S. Forest Service. Known as the 
“Moon Trees,” the resulting seedlings 
were planted throughout the United States 

Apollo 14 Crew Commander Alan Shepard, LM Pilot Edgar Mitchell, and CM Pilot Stuart Roosa (Image credit: NASA)
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American Forests’ Apollo 14 Moon Tree seed card (Image credit: American Forests)

Generational Apollo 14 Sycamore seeds to be flown aboard 
Astrobotic Griffin lunar lander in 2017 (Image credit: Phill 
Parker)

(often as part of the nation’s bicentennial 
in 1976) and some parts of the world. They 
stand as a tribute to astronaut Roosa and 
the Apollo program.

The project began after Roosa was 
chosen for the Apollo 14 mission. Ed Cliff, 
Chief of the Forest Service, knew of Stuart 
Roosa from his days as a smoke jumper 
and contacted him about bringing seeds 
into space. Stan Krugman of the Forest 
Service was put in charge of the project 
and selected the seeds for the experiment. 
Seeds were chosen from five different 
types of trees: Loblolly Pine, Sycamore, 
Sweetgum, Redwood, and Douglas Fir. 
The seeds were classified and sorted, 
and control seeds were kept on Earth for 
later comparison. Roosa carried about 
400-500 seeds in his personal kit which 
stayed with him as he orbited the Moon 
in the command module “Kitty Hawk” in 
February 1971. The seeds were then sent 
to the southern Forest Service station in 
Gulfport, Mississippi, and to the western 
station in Placerville, California, to at-
tempt germination. Surprisingly, nearly 
all the seeds germinated successfully, and 
the Forest Service had some 420 to 450 
seedlings after a few years (some from 
cuttings). Some of these were planted with 
their earth-bound counterparts as controls 
(as would be expected, after over twenty 
years there is no discernible difference), 
but most were given away in 1975 and 
1976 to many state forestry organizations 
to be planted as part of the nation’s bicen-
tennial celebration.

Astronaut Stuart Roosa was born on 
August 16, 1933, in Durango, Colorado. 
He worked for the Forest Service in the 
early 1950’s as a smoke jumper fighting 
fires and later joined the U.S. Air Force 
and became a test pilot. He was one of 19 
people selected for the astronaut class of 
1966 and was part of the astronaut support 
crew for Apollo 9. Following Apollo 14, 
Roosa was backup command module pilot 
for Apollos 16 and 17. He then worked 
on the Space Shuttle program until his 
retirement as a Colonel in the Air Force in 
1976, the time when many of his trees were 
being planted. Sadly, Stuart Roosa passed 
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Phill Parker authored many Apollo 
manned lunar landing articles for the 
British Interplanetary Society “Space-
flight” magazine in the 1960s-70s - sev-
eral of which are cited in NASA’s official 
Apollo Bibliography and, additionally, 
founded the West European Space Col-
ony Society in 1975 - which later merged 
with the prestigious US National Space 
Society (NSS). He has produced many 
spaceflight exhibitions at museums in 
the UK and delivered over 750 talks on 
space missions across UK since 1964, 
as well as writing dozens of articles on 
spaceflight (spaceuk@gmail.com, +44 
1782 612808).

Pen and ink sketch of Apollo 14 CM 
Pilot Stuart Roosa (Image credit: 
NASA)

Artist’s impression of Apollo 14 Command and Service Modules in orbit about the Moon in 1971 with Astronaut Roosa aboard 
(Image credit: NASA)

away in December 1994. The Moon Trees 
continue to flourish, a living monument 
to our first visits to the Moon and a fitting 
memorial to Stuart Roosa.

Now, nearly 45 years since the original 
Apollo 14 Moon Tree seeds were flown 
around the Moon, spaceflight enthusiast 
Phill Parker is flying some more Moon 
Tree generational Sycamore seeds from 
the original Moon Tree seeds back to the 
Moon in 2017 aboard the Astrobotic Grif-
fin Moon Mission One. This will act as a 
further tribute to astronaut Stuart Roosa 
and the U.S. Apollo Project. But this time 
not just to orbit the Moon but to actually 
land them on the surface of the Moon for 
the first time in the lunar region called 
Lacus Mortis.

The Griffin unmanned lunar lander will 
be launched by a SpaceX Falcon 9 rocket 

from Cape Canaveral, Florida, in 2017.
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This year marks the 50th anniversary milestone for the Air Force Maui Optical and Supercomputing (AMOS) site. Since AMOS’ 
inception, the players have changed and the facilities have been enhanced. The site’s mission also has evolved. In 1966, the site was 
known as the ARPA (Advanced Research Projects Agency) Midcourse Observation Station. In 2000, AMOS became the Air Force 
Maui Optical Station, and today the name reflects the very important supercomputing function. AMOS leaders say the facility has 
always been about state-of-the-art electro-optical capabilities and dedicated, exceptional staff supporting the research and operational 
missions of the United States government.

AMOS Celebrates 50 Years
by Cindy Schumacher

Air Force Research Laboratory’s Maui Space Surveillance Complex conducts research and development mission and overseas opera-
tion of the Maui High Performance Computing Center. (Image credit: AFRL)

17th ANNUAL ADVANCED MAUI OPTICAL AND SPACE SURVEILLANCE TECHNOLOGIES CONFERENCE
The 17th Annual AMOS Conference was held on September 20-23 at the Wailea Marriott Resort and Spa with a record-breaking 

attendance of over 680 participants.
A program of the Maui Economic Development Board, AMOS is the premier technical conference in the nation devoted to space 

surveillance. The cross section of military, contractor, and academic participation in the field of Space Situational Awareness (SSA) 
grew in attendance and sponsors along with corresponding increase in scientific excellence and collaboration.

The program included over 100 technical papers and featured speakers, poster sessions, exhibits and short courses in the fields of 
telescope optics, adaptive imaging and international exchange of knowledge within the SSA community. Eighteen countries were 
represented, making this year’s conference a truly international event.

AMOS CONTRIBUTORS HONORED AT BANQUET
On Wednesday September 21, during a banquet held in conjunction with the annual AMOS Conference, those who have contributed 

to the important Department of Defense activity on Maui were honored. Whether from military, civilian, or contractor organizations, 
many people have advanced the surveillance of space and its associated tasks.

Maui Mayor Alan Arakawa presented Lt. Col. Andrew Emery, commander of Air Force Research Laboratory’s Detachment 15 in 
Kihei, with a proclamation at the banquet, naming September 21 as AMOS Day.

“I am so proud to accept this honor on behalf of the site, of all the people who came before us, those here now and for those yet 
to come,” said Col. Emery. “The late Senator Inouye’s vision for the site and this proclamation are focal points for technology and 
innovation on the island. They provide opportunities for residents to take part in the jobs needed to support Maui’s scientific industry, 
which is beneficial to the whole community and the world.”
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Maui Mayor Alan Arakawa, left, and Lieutenant Colonel 
Andrew Emery, commander of Air Force Research 
Laboratory’s Detachment 15 in Kihei, with a proclama-
tion naming September 21 as AMOS Day (Image credit: 
Jose Morales)

AMOS CONFERENCE FEATURED TECHNICAL SHORT COURSES
Technical short courses on Space Debris, Satellite Conjunction Assessment, and others, kicked off the conference on Tuesday 

September 20, with morning and afternoon sessions. “The threat of on-orbit collisions has become an increasing concern to the space- 
faring community,” said Lauri K. Newman, Robotic Mission Conjunction Assessment Risk Analysis Manager at NASA’s Goddard 
Space Flight Center, who taught a short course on the subject at the conference.

“As space becomes more congested, the operational practice of conjunction assessment has evolved from simply predicting close 
approaches between orbiting objects to sophisticated systems,” Newman explained.

“My job is to protect NASA spacecraft from collisions with other on-orbit space objects including both spacecraft and space debris. 
We build software to perform analyses of close approaches so that we can quantify the risk and help NASA flight projects decide how 
and whether to mitigate the risk, either with a maneuver or some other action.”

KEYNOTE DISCUSSION FOCUSES ON SPACE TRAFFIC MANAGEMENT
On opening day, Mike Gruss, senior staff writer for Space News, moderated discussions with keynote speakers Maj. Gen. David 

D. Thompson, Vice Commander of Air Force Space Command, and Mr. Douglas L. Loverro, Deputy Assistant Secretary of Defense 
for Space Policy.

“We must keep space safe and be prepared to operate and defend space assets for us and our allies to operate efficiently,” said Gen. 
Thompson. “We have to be part of the global community in space to improve our understanding of the domain.”

In agreement Loverro added, “We must rethink space traffic management to include many partners to ensure the safety of all people 
and nations.”

Although the topic of Space Traffic Management (STM) is not new, it has recently seen renewed interest among satellite operators 
and governments. The STM forum on Wednesday, moderated by Brian Weeden, Technical Advisor for Secure World Foundation, 
discussed the growing international and economic interest in space since commercial companies have announced plans to conduct 
space activities that challenge existing licensing and regulatory frameworks.

“At the same time, top military leaders have expressed interest in moving away from providing conjunction assessment for all 
satellite operators and civil agencies,” explained Weeden. “This session discussed the current status of the STM dialogue within the 
United States, what steps are being considered for future responsibilities and authorities, and the major questions that still need to be 
answered.”

“It is time for the US military to let go of the spaceflight safety mission, and allow the private sector, academia, and international 
partners to create its own public, high-accuracy catalog of space objects, providing safety-of-spaceflight services to satellite operators,” 
Weeden said. “Letting go of these tasks would enable the US military to focus on the national security aspects of SSA, defending 
against potential hostile threats to its satellites. This effort includes developing tools of governance that lead to reducing the threat of 
orbital debris, promoting international civil SSA to improve knowledge and transparency, and preventing the creation of additional 

Mike Gruss (left), SpaceNews, talked about International Partnerships 
with Frank Rose (center), Assistant Secretary of State for Arms Control, 
Verification, and Compliance, and Atsushi Saito (right), Director of Space 
Policy Division, concurrently Senior Negotiator for International Security 
Affairs, National Security Police Division, and Director of Cyber Security 
Policy Division, Foreign Policy Bureau, Ministry of Foriegn Affairs, Japan. 
(Image credit: Jose Morales)
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debris through hostile acts.”

INTERNATIONAL PARTNERSHIPS DISCUSSED
On Thursday, Gruss talked about International Partnerships with Frank Rose, Assistant Secretary of State for Arms Control, 

Verification, and Compliance, and Atsushi Saito, Director of Space Policy Division, concurrently Senior Negotiator for International 
Security Affairs, National Security Policy Division and Director of Cyber Security Policy Division, Foreign Policy Bureau, Ministry 
of Foreign Affairs, Japan.

“Due to rapid advances in technologies, space is complex and changing rapidly,” said Rose, who is responsible for all matters relat-
ing to the supervision of verification and compliance with international arms control, nonproliferation, and disarmament agreements. 
“Satellites experience a high risk of collision, either with other satellites or with debris. Because of increased congestion, dialogue 
and guidelines among space-faring nations are key for responsible behavior in outer space.”

Lt. Col. Scott Putnam, U.S. Air Force, Commander, 18th Space Control Squadron; 
Wg. Cdr. Rayna Owens, Commander, Royal Air Force Flyingdales, UK; Lt. Col. Seffen 
Newman, Deputy Director Operations, German Space Situational Awareness Center; 
and Lt. Col. Rafal Borek, Chief of Section, Defence Projects, Polish Space Agency 
shared their views on international collaboration. (Image credit: Jose Morales)

POLICY FORUM
During the SSA Policy Forum that fol-

lowed the panel on Thursday, international 
SSA operators exchanged strategic policy 
ideas for strengthening international part-
nerships among governments and satellite 
operators. In 2013, the US, the UK, Canada, 
Australia, and New Zealand signed the Com-
bined Space Operations agreement intended 
to strengthen and enhance resilience and 
optimize resources.

In addition, there are also broader discus-
sions of government-to-government sharing 
of SSA data to improve national security and 
safety of spaceflight. This session included 
keynotes that updated SSA policy priorities 
with shared insights from SSA operators on 
lessons learned and steps that can be taken 
in the future.

Moderated by Mike Wasson, Senior Director of Operations, Analytical Graphics Inc., panel members Lt. Col. Rafal Borek, Chief 
of Section, Defence Projects, Polish Space Agency; Lt. Col. Steffen Neumann, Deputy Director Operations, German Space Situational 
Awareness Center; Wg. Cdr. Rayna Owens, Commander, Royal Air Force Fylingdales, UK; Lt. Col. Scott Putnam, U.S. Air Force, 
Commander, 18th Space Control Squadron, shared their international views.

“It is always a privilege to be invited to attend AMOS,” said Owens. “This is my second time in Maui at the event and I find it an 
excellent forum for open, frank, and honest dialogue with a range of military, civil, commercial and academic colleagues.”

Owens continued, “We share a common international challenge in understanding the evolving space domain and the threats and 
risks contained within it, and I believe that we all seek to ensure and preserve the domain for future generations. This will require 
international cooperation, discussion, and agreements designed to ensure that outer space is safe, secure, and peaceful.”

“We can’t do it alone,” explained Neumann. “All my training experiences have proved that we need international cooperation and 
partnerships with all nations to ensure peaceful and lasting capabilities.”

SMALL SATELLITES
The final keynote was given on Friday by Jordi Puig-Suari, Professor, CubeSat Program, Cal Poly State University and also CEO 

of Tyvak Nano-Satelllite Systems, Inc. He discussed SSA in relation to small satellites.
Over the last several years, “smallsats” have transitioned from lab experiments to viable space platforms. Thousands of small satel-

lites are currently planned to be deployed into a wide range of orbits. An increasing number of them are being built as 10-centimeter 
cubes, “cubesats”, which are nevertheless fully functional satellites.

While the surge in smallsats is increasing the rate of innovation and lowering the costs of deploying space capabilities, they also 
present challenges. They are more difficult to track and identify, particularly when deployed in large numbers at once, and they often 
lack maneuvering capabilities. Operators of larger satellites have expressed concerns that large numbers of non-maneuverable smallsats 
could create unmanageable traffic problems in space.

“We need to change our attitude about cubesats,” said Bhavya Lal, a research staff member at the Institute for Defense Analyses’ 



16 SPACE TIMES • November/December 2016

Cindy Schumacher is a journalist from Maui, Hawaii. She currently writes for the Lahaina News and Maui Economic Develop-
ment Board (MEDB). She has written numerous articles on topics related to space science and has covered national and inter-
national conferences, including the annual Advanced Maui Optical and Space Surveillance Technologies (AMOS) Conference.

Science and Technology Policy Institute, during one of 
the first panel discussions between the SSA community 
and the small satellite proponents. “They are a very im-
portant part of our satellite population because they can 
carry out important missions in spite of being small.”

Puig-Suari added, “The space community will be 
surprised at the amount of help smallsats will be in the 
future. They can meet regular spacecraft expectations, 
enhance space-based SSA, be active in space debris 
removal, and contribute solutions to problems that can’t 
be solved with larger spacecraft.”

EXHIBITS AND POSTERS
The exhibit and poster venue at AMOS provided 

opportunities for networking and technical discussions, 
offering updates and assessments of current research in 
the different SSA fields, such as space weather and related 
specialties in astronomy.

Analytical Graphics, Inc. (AGI), a main AMOS 
sponsor and official software provider of the AMOS 
Conference, exhibited its Commercial Space Operations 
Center™ (ComSpOC™) at AMOS. The ComSpOC™ 

Analytical Graphics, Inc., a main AMOS sponsor and official  software pro-
vider of the AMOS Conference, exhibited its Commercial Space Operations 
Center™ at AMOS. (Image credit: AGI)

is a sophisticated SSA facility that fuses satellite-tracking measurements from a set of geographically diverse partner-owned-and-
operated optical, radio frequency, radar and space-based sensors to generate high-accuracy ephemeris and other SSA data products.

AGI develops commercial modeling and analysis software for the space, defense, and intelligence communities and is used by 
more than 40,000 engineers, operators and analysis worldwide.

“Our commitment to continuous improvement ensures that the ComSpOC consistently provides operators with the most advanced 
capabilities to mitigate the growing threats in the space environment,” said Stephanie Eftimiades, AGI Public Affairs. “Space is a 
resource that needs to be preserved. Today operators have the opportunity to define the standards of behavior that could eventually 
be adopted by regulatory authorities.”

An exhibit from the University of Hawaii (UH) Laboratory for Advanced Visualization and Applications (LAVA), lead by Dr. 
Jason Leigh, had a waiting line to participate in its virtual reality demonstration. Dr. Leigh is a leading expert in the fields of Data 
Visualization and Virtual Reality and is also Director Emeritus of the Electronic Visualization Laboratory (ELV) at the University of 
Illinois in Chicago.

“The mission of LAVA is to conduct research and development for new ways to visualize big data and technology,” said Andrew 
Guagliardo, University of Hawaii graduate student with the Academy for Creative Media. “To pursue this, Dr. Leigh has gathered an 
interdisciplinary team of graduate and undergraduate students at the UH Manoa.”

The UH students exhibited a program called SatWatch. “Developed by Ryan Theriot, UH Computer Science undergraduate, Sat-
Watch is a virtual reality exploration of satellite orbits around Earth,” explained Guagliardo. “By pulling publicly available Two-Line 
Elements (TLEs) from the Celestrak website, SatWatch is able to create a predictive model of orbits for a wide variety of satellites, 
and is an example of a complex dataset represented in an intuitive way, allowing users to easily understand satellite orbits in an in-
teractive visualization.”

“The TLE dataset is converted using the OrbitTools library,” Guagliardo added. “The entire program is built in the Unity game 
engine, a popular tool for developing interactive applications. For hardware, SatWatch utilizes the HTC Vive, which allows a user 
to interact with the virtual, 3-D environment using motion tracking. This combination creates a natural way for users to explore the 
data in an immersive experience.”

Support for the AMOS Conference comes through Maui County’s Office of Economic Development, and numerous corporate 
sponsors and exhibitors. For more information visit www.amostech.com.
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Over 150 stakeholders in our Space-based Environmental Intelligence community came together for a special event hosted by the 
American Astronautical Society and the American Meteorological Society on December 1, 2016. Key stakeholders from NOAA, NASA, 
USGS, Congress, the Administration, the European Union, the European Space Agency, the private sector, and academia celebrated 
accomplishments including the successful launch and deployment of the NOAA GOES-R geostationary weather satellite. There was a 
buzz throughout the networking event about advancing societal benefits into the future. Dr. Bill Hooke, Associate Executive Director of 
AMS and author of Living on the Real World, brought his compelling perspective on the value of science for society. Dr. Piers Sellers, 
acclaimed astronaut and Earth scientist, shared his findings from over 30 years of research and space travel on the value of monitoring 
our Earth from space in an excerpt from the recently released National Geographic Before the Flood movie. Major aerospace players, 
including Ball Aerospace, Harris Corporation, Lockheed Martin, Northrop Grumman, and Stinger Ghaffarian Technologies, provided 
impressive accomplishments linked together to form the value chain from environmental sensors processed into information products to 
inform emergency responders in saving lives and protecting property for a Weather Ready Nation. The Society of Satellite Professionals 
International and the European Union Copernicus program enhanced the video highlighting benefits and capabilities that span the envi-
ronmental intelligence value chain. The Institute for Global Environmental Strategies, Sustainable earth Observation Systems (SeOS), 
and the Aerospace Corporation joined in sponsoring the event.

The Honorable Jim Bridenstine (R-OK), House Science, Space, and Technology Subcommittee, arrived just as Tom Fahy announced 
the Senate passed the Weather Research and Forecasting Act S.1561. Congressman Bridenstine enthusiastically called for the Space-based 
Environmental Community video to be shared with congressional committees. He emphasized the value of environmental information for 
severe weather warnings, especially tornados and floods, key to people of Oklahoma and across the nation. He described steadfast support 
for NOAA operational polar and geostationary weather missions, Joint Polar Satellite System (JPSS), and Geostationary Operational 
Environmental Satellite (GOES-R), and heralded the value of Earth science to monitor the vital signs of our planet with benefits for our 
economy, protection of life and property, and national security. The Congressman also emphasized progress and plans of an increasingly 
robust Earth observations system, including benefits of being augmented by commercial weather data. A key area identified as a challenge 
for the community is space situational awareness, recognizing that low Earth orbit is increasingly congested and contested.

Tremendous recognition is due to everyone in the community coming together to make this important enterprise successful and vibrant 
as we continue into the future. Thanks to all for bringing so much talent and energy to the event. Our challenge and opportunity is to 
continue to reach out and expand our community, recognizing that everyone across the U.S. and around the world benefits from quality 
space-based environmental intelligence.

The video is posted to the American Astronautical Society’s YouTube channel and is accessible at http://tinyurl.com/j8yacj2

Bill Hooke, Ron Birk, Congressman Jim Bridenstine, Lyn 
Wigbels (Photo credit: Edgar Mills/Northrop Grumman)

Space-based Environmental Intelligence
Community Event
Co-hosted by the American Astronautical Society and the American Meteorological Society

Congressman Bridenstine speaking (Photo credit: Edgar Mills/Northrop Grumman)

by Ron Birk
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TECHNICAL CONFERENCE ABSTRACT DEADLINE: April 24, 2017

The 2017 AAS/AIAA Astrodynamics Specialist Conference will be held August 20 through August 24, 2017, at the Skamania Lodge 
in Stevenson, Washington, within the Columbia River Gorge. The conference is organized by the American Astronautical Society 
(AAS) Space Flight Mechanics Committee and co-sponsored by the American Institute of Aeronautics and Astronautics (AIAA) 
Astrodynamics Technical Committee. Manuscripts are solicited on topics related to space-flight mechanics and astrodynamics 
applied to crewed or robotic applications, including but not necessarily limited to:
• Atmospheric re-entry guidance and control
• Attitude dynamics, determination, and control
• Attitude-sensor and payload-sensor calibration
• Dynamical systems theory applied to space flight problems
• Dynamics and control of large space structures and tethers
• Earth orbital and planetary mission studies
• Flight dynamics operations and spacecraft autonomy
• Orbit determination and space-surveillance tracking
• Orbital debris and space environment
• Orbital dynamics, perturbations, and stability
• Rendezvous, relative motion, proximity missions, and formation flying
• Reusable launch vehicle design, dynamics, guidance, and control
• Satellite constellations
• Spacecraft guidance, navigation, and control (GNC)
• Space Situational Awareness (SSA), Conjunction Analysis (CA), and collision avoidance
• Trajectory / mission / maneuver design and optimization
Manuscripts will be accepted based on the quality of the extended abstract, the originality of the work and/or ideas, and the 
anticipated interest in the proposed subject. Submissions that are based on experimental results or current data, or report on ongoing 
missions, are especially encouraged. Complete manuscripts are required before the conference. English is the working language 
for the conference.
POSTER SESSION
To accommodate the special circumstances of a solar eclipse on Monday, August 21, this conference will run a compressed schedule 
of oral presentations Tuesday through Thursday, with a special poster session featured on Monday afternoon. Any author electing to 
present a poster instead of an oral presentation must prepare a manuscript for the published proceedings according to this meeting’s 
“No-Paper/No-Podium Policy” (see below). Depending on the availability of scheduled speaking slots, authors that do not elect 
to present a poster may still be assigned to present a poster instead of an oral presentation.
SPECIAL SESSIONS
Proposals are being solicited for suitable special sessions, such as topical panel discussions, invited sessions, workshops, mini-
symposia, and technology demonstrations. A proposal for a panel discussion should include the session title, a brief description 
of the discussion topic(s), and a list of speakers and their qualifications. For an invited session, workshop, mini-symposium, or 
demonstration, a proposal should include the session title, a brief description, and a list of proposed activities and/or invited speakers 
and paper titles. Prospective special-session organizers should submit their proposals to the Technical Chairs.

2017 AAS/AAIA Astrodynamics Specialist Conference
Columbia River Gorge, Stevenson, Washington
Sunday, August 20 - Thursday, August 24, 2017

Call for Papers
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BREAKWELL STUDENT TRAVEL AWARD
The AAS Space Flight Mechanics Committee announces the John V. Breakwell Student Travel Award. This award provides travel 
expenses for up to three (3) U.S. and Canadian students presenting at this conference. Students wishing to apply for this award are 
strongly advised to submit their completed manuscript by the abstract submittal deadline. The maximum coverage per student is 
limited to $1,000. Details and applications may be obtained via http://www.space-flight.org.

INFORMATION FOR AUTHORS
Because the submission deadline of April 24, 2017, has been fully extended for the convenience of contributors, there are no plans 
to defer this deadline due to the constraints of the conference planning schedule. Notification of acceptance will be sent via email 
by May 24, 2017. Detailed author instructions will be sent by email following acceptance. By submitting an abstract, the author 
affirms that the manuscript’s majority content has not been previously presented or published elsewhere.
Authors may access the web-based abstract submittal system using the link available via the official website http://www.space-
flight.org. During the online submission process, authors are expected to provide:
1. a paper title, as well as the name, affiliation, postal address, telephone number, and email address of the corresponding author 
and each co-author;
2. an extended abstract in the Portable Document File (PDF) format of at least 500 words that includes the title and authors, and 
provides a clear and concise statement of the problem to be addressed, the proposed method of solution, the results expected or 
obtained, and an explanation of its significance to astrodynamics and/or space-flight mechanics, with pertinent references and 
supporting tables and figures as necessary; and
3. a condensed abstract (100 words) to be included in the conference program, which is directly typed into the text box provided 
on the web page and avoids the use of special symbols or characters, such as Greek letters.

Foreign contributors requiring an official letter of acceptance for a visa application should contact the Technical Chairmen by 
email at their earliest opportunity.

Technology Transfer Notice – Technology transfer guidelines substantially extend the time required to review abstracts and 
manuscripts by private enterprises and government agencies. To preclude late submissions and withdrawals, it is the responsibility 
of the author(s) to determine the extent of necessary approvals prior to submitting an abstract.

No-Paper/No-Podium Policy – A complete manuscript must be electronically uploaded to the web site prior to the conference in 
PDF format, be no more than twenty (20) pages in length, and conform to the AAS manuscript format. If a complete manuscript 
is not received on time, then its presentation at the conference shall be forfeited; and if a presentation is not made by an author at 
the conference, then the manuscript shall be omitted from published proceedings.

Questions concerning the submission of manuscripts should be addressed to the technical chairs.
AAS Technical Chair AIAA Technical Chair
Dr. Jeffrey S. Parker Mr. John H. Seago
Advanced Space Analytical Graphics, Inc.
2100 Central Avenue, #102 220 Valley Creek Blvd.
Boulder, CO 80301 Exton, PA 19341-2380
303-931-5334 610-981-8000
parker@advanced-space.com jseago@agi.com

All other questions should be directed to the General Chairs.
AAS General Chair AIAA General Chair
Dr. Nathan J. Strange Dr. Daniel J. Scheeres
Jet Propulsion Laboratory University of Colorado, Boulder
California Institute of Technology 429 UCB
4800 Oak Grove Dr., M/S: 321-B60 Boulder, CO 80309-0429
Pasadena, CA 91109-8099 720-544-1260
818-203-0726 303-492-7881 fax
nathan.j.strange@jpl.nasa.gov scheeres@colorado.edu
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NOTES ON A NEW BOOK

The Gravity Well: America’s Next, Greatest 
Mission by Stephen Sandford with Jay Hein-
richs. Pacific Grove, CA: Gavia Books, 2016. 
Appendices, acknowledgments, index. 304 
pages. ISBN: 978-0-9962422-9-5. Hardcover 
with dustjacket $24.95 USD.

I have been reading books such as The Grav-
ity Well for well over 25 years. All of them seek 
to enthuse readers with the desire to pursue an 
aggressive spaceflight program, both human 
and robotic, and to realize what the authors 
envision as spaceflight’s primary objective in 
colonizing other worlds. And author Stephen 
Sandford, working with Jay Heinrichs, has done 
a creditable job of making this case. They will 
not convince anyone not already leaning toward 
support, but they provide ample evidence and 
effective argument on why this objective is 
both worthwhile and attainable. They are to be 
applauded for that accomplishment. So many 
other books of this type utterly fail to demon-
strate the significance of spaceflight even for 
those of us already predisposed to accept the 
argument.

Sandford and Heinrichs begin with a simple 
assertion: the problem of gravity forces humans 
to live at the bottom of an ocean of air and 
shedding that environment is no less difficult 
than that of the first sea creatures crawling onto 
the shore and entering the next stage of evolu-
tion. They insist that conquering that “gravity 
well” offers the fundamental promise of human 
survival. Not to succeed in this task means 
the human race will become extinct. The best 
case scenario is that several billion years in the 
future the Sun will become a red giant and con-
sume the whole of the solar system, but there 
are also more immediate threats. There is every 
reason to believe that an Earth-striking asteroid 
or comet could destroy most of the life on Earth 
at some point in the  future. The K-T event is 
generally viewed as an impact that wiped out 
the dinosaurs, leading SF writer Larry Niven to 
quip: “The dinosaurs became extinct because 
they didn’t have a space program. And if we 
become extinct because we don’t have a space 
program, it’ll serve us right!”

In eleven succinct chapters Sandford and 
Heinrichs discuss where humanity is today 
when it comes to space exploration – and when 
I say humanity I mean Americans since that is 
the concentration of the authors – and what 
might the future hold. They focus on what it 
takes to overcome the “gravity well” and to 

The Gravity Well
Reviewed by Roger D. Launius

Roger D. Launius recently retired as associ-
ate director of collections and curatorial 
affairs at the Smithsonian Institution’s Na-
tional Air and Space Museum, Washington, 
D.C.
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become a multiplanetary species. They are 
enamored with the rise of new firms such as 
SpaceX and Blue Origin and Bigelow Aero-
space. They emphasize the rise of a “space 
economy,” which is a meme that has resonance 
in NASA and among others in the aerospace 
community but nowhere else. They celebrate 
the tackling of impressive technological feats, 
such as the landing of a reusable first stage after 
undertaking a supply mission to the Interna-
tional Space Station. They insist that space is 
the centerpiece of a bright future for the United 
States. The economy will flourish, the people 
of the nation and the world will be inspired, 
and it will – to use a catch phrase coined for a 
different purpose – help “make America great 
again.” This sentiment, if not the actual words, 
is to be found everywhere in The Gravity Well.

Some of the arguments made by the authors 
are well laid out and quite effective. Sandford 
and Heinrichs eloquently restate the problem 
of not enough Americans entering professions 
focused on science, technology, engineering, 
and mathematics (STEM). No question, there 
are innumerable studies about the dearth of 
engineers, etc., being produced by American 
universities. That is the case despite the fact 
that the U.S. government funnels $4.3 billion 
every year into STEM education and related 
initiatives. Might space exploration help in 
this arena? Yes, at least to some degree. School 
children may become jazzed by what they see 
happening and pursue careers that further space 
activities. There is evidence of this in the past; 
there will continue to be evidence of it in the 
future. But the critical determinant for whether 
or not a student pursues a scientific or technical 
degree in college is whether or not they were 
successful before college in learning algebra, 
calculus, geometry, and trigonometry. Inspira-
tion is one part of the equation, but teaching 
these capabilities more effectively is critical 
as we move forward.

The authors, to their credit, poke holes in 
the sophomoric “spinoff” argument used by 
NASA to justify investment in spaceflight. 
There are, of course, commercial products that 
emerge from NASA research and development. 
It is virtually impossible, however, to draw a 
straight line between an investment made by 
NASA in something used in spaceflight and 
some commercial product. I think the authors 
would agree that this argument is not effective 
as presently made by most in the space agency. 
The problem is that no amount of cost-benefit 

analysis, which the spinoff argument essen-
tially makes, can sustain NASA’s historic level 
of funding. More useful, I would assert, is a 
counterfactual question. How would life today 
be different if there were no space program? 
There can be no fully satisfactory answer to that 
question. But perhaps we can begin with the 
elimination of a great many of the space-based 
capabilities that have changed our lives. Both 
Sandford and Heinrichs note that to accomplish 
the larger space program there had to be a push 
of technological development in certain paths 
that might have not been followed otherwise. 
This has made a difference in modern society.

The authors are on less firm ground when 
they make some other arguments. For example, 
they suggest that the American economy grew 
faster in the 1960s than either in the 1950s or 
the 1970s. They assign the reason for this to 
the expansive space program of the Apollo 
era. This is a superficial assertion at best. First, 
for all three decades U.S. GDP was relatively 
stable with annual growth between 2.5 and 5 
percent. There were ups and downs, certainly, 
but there does not seem to be a lot different be-
tween the decades. Second, were any changes 
really the result of investment in spaceflight? 
Perhaps some but not too much, it was simply 
too small a percentage of the total economy to 
make much of a difference.

Overall, this is a useful book, especially for 
those convinced of the value of spaceflight who 
wish to hone their skills in persuading others 
with cogent analysis and presentation. For 
those involved in spaceflight, what is presented 
in The Gravity Well will probably not seem very 
original. We have all heard these arguments 
many times. Many of those times, however, the 
arguments have not been as well made as here.
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