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PRESIDENT’S MESSAGE

AAS 2.0
This month, I’d like to draw your attention to this issue of Space Times and ask you to
consider the question – what do most articles in this issue have in common? The answer is
they are largely based on content presented at recent AAS Conferences and Symposia.
There are two reasons for this. First, the content is superb; from Len Fisk’s Carl Sagan
Memorial Lecture at our 2008 annual meeting in Pasadena to John Horack’s perspectives
on human exploration delivered at the Von Braun Symposium last October, they are insightful
and provocative perspectives that get you thinking. Note that this observation isn’t just my
prideful boast – talk to any of the attendees at AAS events, and you will uniformly hear
high praise for the speakers and the content of their presentations. This is thanks to the
hard work of our volunteer planning committees who take the time and make the effort to get it right – all without getting paid
a cent for all they do for the Society.
The second reason this issue has so much content from our meetings is that it helps to disseminate this excellent content to
the 90 plus percent of members who don’t make it to a particular event. Even our annual meeting only attracts a few hundred
people, and many of those are affiliated with the NASA center that is sponsoring our event. For some AAS members, there may
be financial or schedule issues, or other reasons which preclude attending in person. Consequently, Space Times is a good way
to share this content.
I would encourage all members who are able to attend at least one of our upcoming events to do so. I think you will be
pleased, not just with the content that is being presented but also with the wonderful networking opportunities these events
provide. I also encourage you to volunteer to support a planning committee effort if you are near one of our upcoming events
and have some time you can commit. Please contact AAS Executive Director Jim Kirkpatrick if you would like to help out.
Of course, no matter how many additional members we get to attend through appeals such as this, the reality is that most
members will never be able to attend any particular event that we host. Fortunately, new information technologies may make
it more possible to bring our events to our members – and to the space community as a whole. We have dabbled in using new
technologies to share what is going on at our conferences with a wider audience – twittering or blogging real time conference
updates, and a number of sessions at the last few meetings were videotaped and will eventually be posted on our web site. Now
we are ready to move to the next level of reaching out through information technology. The AAS leadership team is looking to
make this year’s Annual Meeting – currently scheduled to be held in Houston in early December – to potentially be a “virtual
conference” with more than one access portal where speakers and audience members can participate and the potential to listen
in from anywhere. While this will expose us to the risk that fewer people will attend in person, in the long run, I believe the odds
are that our attendance will increase as some who get virtual snippets of what the event is like decide to attend in the future,
when possible, so as to have the opportunity to interact in real time with both presenters and other conference attendees.
If you are interested in the possibilities offered by this new concept in conference hosting and would like to help (especially
if you are an IT professional), please let Jim Kirkpatrick know, and he will connect you with those involved in planning this
year’s annual meeting. Thanks in advance for your support to this new approach to member outreach.

ON THE COVER

Frank A. Slazer
digaslaze@mac.com

FRONT: Evening lift off of the Ariane 5 ECA from the European Spaceport in French Guiana, marking Arianespace’s first mission of the year, with
a successful dual payload heavy-lift flight. Arianespace lofted NSS-9 for SES New Skies and HOTBIRD 10 for Eutelsat. (Source: ©2008 ESACNES-Arianespace/Photo Optique Vidéo CSG)
BACK: A Panchromatic, 50 centimeter (1.6 foot) high-resolution view of the rocket launch from the Musudan Ri launch facility, formerly known
as Taepo-dong, captured by the WorldView-1 satellite. (Source: DigitalGlobe)
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Serving the World’s Space-Lift Needs with
Ariane 5, Soyuz, and Vega
by E. Clayton Mowry

When the jungle of French Guiana came
alive with an Ariane 5 liftoff in March
2008, it marked the start of an historic
mission that delivered the first Automated
Transfer Vehicle for servicing of the
International Space Station (ISS).
With this launch, Ariane 5 – and its
Spaceport operating base site in South
America – joined a limited “club” of
worldwide launchers and launch sites that
serve human spaceflight activities. The
Automated Transfer Vehicle was part of
Europe’s ongoing contributions to the
International Space Station, and this large
spacecraft delivered propellant, oxygen,
equipment, systems, food and water for the
orbiting facility and its multi-national crew.
It was the latest in a long series of
successful missions performed by the
Ariane family of launch vehicles in support
of international space exploration
programs.
Previous flights included Ariane’s
launch of the Rosetta space probe for a
2014 encounter with Comet 67P/
Churyumov-Gerasimenko; the XMMNewton observatory’s orbiting for
detection of X-ray sources in space; lofting
the Infrared Space Observatory (ISO) to
explore the cool and hidden corners of the
universe; and placing the Giotto deep space
probe on a multi-year voyage for fly-bys
of comets Halley and Grigg-Skjellerup.
The currently-operational Ariane 5 will
remain busy with space exploration
missions in the future, beginning with a
dual-payload flight this year carrying the
Planck observatory (which will measure
temperature variations across the Big
Bang’s relic radiation) and the Herschel
telescope (designed to yield new data on
how stars and galaxies are formed).

4

Europe’s Automated Transfer
Vehicle approaches the point of
integration atop Ariane 5 at the
Spaceport, as support personnel
monitor the operation from work
platforms surrounding the launch
vehicle. (Source: ©2008 ESACNES-Arianespace/Photo Optique
Vidéo CSG)
Ariane launchers were born from
Europe’s desire for independent access to
space, and were the result of combining the
technical strengths of European countries
in propulsion, design, guidance and
integration. This series of launch vehicles
was conceived to serve a full range of
customers – from commercial
telecommunications operators to space
agencies and government organizations.

Ariane’s introduction in the late 1970s
and early 1980s at the purpose-built
Spaceport in French Guiana marked a
turning point in the international space
sector. Ariane’s operation by a
commercially-oriented launch services
company – Arianespace – ushered in a new
era of providing space lift, while the
capability of these vehicles introduced the
concept of dual-payload launches for
telecommunications satellites, scientific
spacecraft and governmental platforms.
The first vehicle was Ariane 1, which
served as the cornerstone launcher and
established Ariane as the commercial space
industry’s benchmark vehicle. Its first flight
was in December 1979, and Arianespace
began Ariane 1 commercial operations in
May 1984. During its career, 11 Ariane 1
missions were performed, placing a total
of 14 spacecraft into orbit. Payload lift
capability of Ariane 1 was 1,800 kg. into
geostationary transfer orbit (GTO).
With Ariane 1’s success, the increasedlift Ariane 3 was introduced at the
Spaceport in 1984, boosting the GTO
payload capacity to 2,700 kg. This vehicle
used a stretched third stage and larger
payload fairing, and was equipped with two
solid propellant strap-on boosters. During
its operating career, a total of 11 Ariane 3s
were launched, carrying 19 payloads into
space.
Ariane 2 used the same launcher
configuration as Ariane 3, but without the
strap-on boosters. Initial launch of the
Ariane 2 was in May 1986, and this vehicle
performed a total of six flights that orbited
five payloads. Payload lift capability to
GTO was 2,200 kg.
The next step was introduction of the
Ariane 4 family, which became the
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commercial launch services industry’s
workhorse during its service career from
1988 to 2003. Ariane 4 was the result of
Europe’s accurate forecasting of the future
growth of satellite payloads in both weight
and size.
To meet the predicted market needs, a
flexible family concept was adopted. Using
a “building block” approach, six Ariane
versions were available – all of which were
based on the same core three-stage vehicle,
providing payload lift performance to
geostationary transfer orbit that ranged
from 2,000 kg. to 4,900 kg.
A total of 116 Ariane 4 missions were
performed,
carrying
182
telecommunications,
scientific,
meteorological, Earth observation and
auxiliary payloads with a combined liftoff
mass of more than 404 metric tons.
The growing trend to larger satellites
spurred the development of Ariane 5 –
which has become the new-generation
reference for heavy-lift launchers since
entering service with Arianespace in late
1999. The Ariane 5’s first commercial
mission carried the European Space
Agency’s XMM-Newton X-ray telescope,
which was the largest science satellite ever
built in Europe at the time.
Ariane 5 carries payloads weighing
nearly 10 metric tons to GTO and over 20
metric tons into low-Earth orbit (LEO)
with a high degree of accuracy that
continues the Ariane family tradition for
on-target payload delivery.
The March 2008 mission with Europe’s
Automated Transfer Vehicle demonstrated
Ariane 5’s heavy-lift capability – as the
spacecraft weighed more than 19,000 kg.
at liftoff. This flight was the first for an
Ariane 5 ES version, whose EPS storable
propellant upper stage performed two inflight burns to deploy the Automated
Transfer Vehicle into its targeted 260-km.
circular orbit.
Following its Ariane 5 launch, the
Automated Transfer Vehicle carried out an
exceptionally successful inaugural mission,
bringing 6,000 kg. of supplies to the
International Space Station, performing
four altitude-raising re-boosts for the
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orbital facility, and also executing an
avoidance maneuver after fragments of an
old satellite came within the station’s
vicinity.
Ariane 5 will continue with its busy
mission manifest in the years to come,
orbiting a diverse mix of scientific,
commercial and governmental payloads.
This includes the second Automated
Transfer Vehicle (slated for liftoff in mid2010), and the NASA James Webb Space
Telescope in 2013.

Ariane 5 begins its ascent from the
Spaceport’s ELA-3 launch zone in
French Guiana, marking the start of
Arianespace’s successful heavy-lift
flight with the Automated Transfer
Vehicle. (Source: ©2008 ESACNES-Arianespace/Photo Optique
Vidéo CSG)
The Ariane 5 will soon be joined at the
Spaceport in French Guiana by two other
Arianespace-operated launch vehicles that
are well suited for scientific and research
payloads: the medium-lift Soyuz and
lightweight Vega.
Soyuz is the Russian-built launcher that
ushered in the Space Age, and its first flight

from the Spaceport is targeted for late 2009
– bringing the industry’s longest-operating
launcher to the world’s most modern launch
base.
The Soyuz vehicles to be operated from
French Guiana are evolved versions that
include an updated digital flight control
system, an increased-performance third
stage and a larger Soyuz ST payload
fairing. Their payload capacity is 3,150
kg. to GTO and 4,900 kg. to Sunsynchronous orbit with a circular altitude
of 820 km.
Vega is an all-new vehicle tailored to
carry the growing number of small
scientific spacecraft and other lighterweight payloads under development or
planned worldwide. Vega’s target payload
lift capability from the Spaceport is 1,500
kg. on missions to a 700-km. circular orbit.
The side-by-side operation of Ariane 5,
Soyuz and Vega offer a truly diverse range
of payload lift capacity from a modern
installation located close to the equator at
5.3 deg. North latitude – making the
Spaceport ideally-situated for missions into
geostationary orbit. Another advantage is
the French Guiana coastline’s shape, which
allows for launches into all useful orbits,
from northward trajectories to -10.5 deg.
through eastward missions to +93.5 deg.
In addition, French Guiana has a low
population density and is protected from
hurricanes and earthquakes, providing it
with unique advantages as a highly
operational launch site.
With the Ariane 5, Soyuz and Vega in
full operation, Arianespace is targeting a
flight activity of approximately 10 missions
per year from French Guiana beginning in
2010 – composed of an average seven
Ariane 5 flights annually, plus two Soyuz
missions and a Vega launch.

E. Clayton Mowry is President of
Arianespace, Inc., and Vice PresidentInternational of AAS.
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Space Exploration – Why?
Remarks from the 2008 Von Braun Symposium
by John M. Horack
Good Afternoon, and thank you to Mr.
Hale, to our other speakers, and to our
organizers. We have heard a great deal –
this morning in the Ares Panel, from Dr.
Griffin’s excellent talk at lunch, and again
this afternoon – about Exploration,
Constellation, the construction of a new
transportation system named Ares, and
returning to the Moon. And as far as this
panel goes, I’m last. So, I want to focus on
something we’ve all touched on, that’s
integrated to all the topics we’ve seen to
this point, and the one thing that we often
struggle mightily to articulate: The answer
to the question “WHY?”
I have heard (and given) many answers
to this question. They come in a variety of
forms. There’s the Marketing Answer: “To
inspire the next generation of explorers,
only as NASA can.” There’s the
Philosophical: “Because exploration is in
our DNA.” The economic: “Just look at
the spin-offs!” And many times we answer
“Why?” with “What.”: “To improve our
TLI injection capacity by 30% and to
enable four people to access the surface of
the Moon, anywhere, and return any time,
with a stay of up to six months.” Almost
every answer strikes me as feeble. Yet I
also believe that if we don’t get this right,
and get it right in places far beyond the
community gathered here, we may not get
a chance to do much of anything you’ve
seen so far today.
Why are we doing this? What is the
point? To those who ask this, I offer this
simple rejoinder: “Space Exploration with
NASA is perhaps America’s best tool to
help create the world we want.”
And usually, the immediate rejoinder is,
“We cannot afford it, especially now.” To
this, I say there is only one thing we
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“cannot afford,” and that is to stop
investing in our future. The investment
might not be immense. It might not be
everything we want. But it must be there.
And to me, it must include – we have no
choice but to include – a robust space
program, infused and enriched with human
and scientific exploration.

Our own history shows why we need to
invest – to maintain our sense of purpose
about the future – especially in the face of
hardship.
The Civil War was arguably the most
difficult time this Nation has ever seen. In
the midst of a terrible four-year war, fought
on our own soil, where every single

A Schlieren image of a 0.34% scale model of the Ares V heavy cargo launch vehicle inside a wind
tunnel. Schlieren imaging allows engineers to visualize air flows with varying densities. (Source:
NASA/MSFC)

So, why invest? For me, the answer is
actually straightforward. To abandon
investment in the future of the country is
to simply give up. Are we really ready to
accept the premise that America will
simply “go away”? Do we really believe
that there is “no tomorrow”? Would you
tell your children that? Are we going to
admit that somehow the Nation has zero
hope for a brighter future? Unless the
answer to any of these is “yes,” America
must continue to find ways to invest,
because there will be a tomorrow.

casualty was an American, and everything
being destroyed belonged to America,
Lincoln had choices. He could have
focused everything — every dollar, every
person, every piece of capital — on
winning the war, ending the war, or simply
preserving some kind of Nation. He nearly
did. He even said “My goal is to save the
Union.” But this was not his goal
exclusively; the Union also had to be worth
saving.
In that most challenging time, he found
a way, in 1863, to start the construction of
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a transcontinental railroad, completed in
1869. This was an enormous financial and
logistical infrastructure investment in the
future of a Nation he was trying to
preserve, with no guarantee that he would
actually prevail.
For Lincoln, trying to simply preserve
the Nation in the face of the greatest threat
to its existence before or since was not
enough. Contrary to any admission of “no
hope” or “no future” for the Nation,
Lincoln’s careful investment made in hard
times – his sense of purpose about the
future in the face of huge adversity –
actually made that future all the more worth
preserving.
Our situation today is no different. The
investments we make now, especially in the
face of the present challenges, can actually
make the future of our Nation even more
worthwhile than would otherwise have
been the case.
So why Space Exploration at NASA?
In areas of public policy — especially
the Federal Government — when asked the
question “Why anything?” the answer is
almost invariably, “to prevent ‘X’” where
“X” is some kind of negative outcome. I
campaign for “Joe” because “Fred” is a
jerk, and I want to keep “Fred” from getting
elected. We are bailing out the banks to
prevent a recession. Preventing negative
outcomes is fine, and often quite
important. I am all for keeping terrorists
out of the country, for example. But not
everything we do can be steeped in the
avoidance of negative outcome. We must
also actively pursue positive outcomes. A
“deficit approach” cannot be our only
strategy. Said another way, we cannot save
our way to prosperity. A world we settle
for is not the world we want.
I played competitive soccer for over 20
years. And I played on many a team that
was extremely good defensively, and had
a heck of a time scoring goals. We played
well. We played hard. We played primarily
to prevent the negative outcome of having
the other team score on us. And it seems in
retrospect that we lost every game 1-0. It
is very tiring to play defense for 90
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minutes; no matter how hard you play, you
will not win, best you can do is tie.
NASA is one of the few places where
the Nation can truly play “offense” and
score some goals for ourselves in the most
positive sense of the word. It is a place
where we can create upside, not just
eliminate downside. And it is a place where
we can talk about – and more importantly,
act upon – the world we want to build.
NASA is not in the business of
*preventing* anything. The purpose of our
work is not about eliminating any
particular negative. NASA is *entirely*
upside. We exist to create, to build, to plant,
to invest. Dr. Griffin recently described
space exploration as the act of “buying
options for our children.”
Space Exploration in NASA is among
the best means we can use to buy those
options, to actively create the world we
want for them.
If you don’t believe that exploration –
and space exploration in particular – has
been one of the most important drivers of
the very fabric of the world we have today
in America, I invite you simply to take the
change out of your pocket.
My kids collect state quarters. The 50th,
from Hawaii will be issued this year, the
50th Anniversary of NASA. These quarters
are interesting, because in many ways, they
illustrate the narrative of our Nation. In
aggregating these 50 snapshots, we have a
very complete, if not detailed, picture of
what the Nation has become since our

founding. Each of these 50 quarters are
vignettes of things *that actually
happened* as a result of the formation of
this Nation.
This narrative of our Nation, the story
of ‘who we have become’ and the future
that was created to be our present,
expressed 25 cents at a time, has
exploration as a prominent theme.
The space shuttle is on the back of the
Florida quarter. In addition to Florida,
Maine, Virginia, and Rhode Island all
depict sailing ships. The word “Discovery”
appears twice. Wisconsin’s says
“FORWARD” in big block letters.
Nebraska features a covered wagon. My
home state, Missouri, depicts the Lewis
and Clark Corps of Discovery paddling up
the Missouri River. And the only man-made
object to appear twice – the Wright
Brothers’ Flyer – graces the back of North
Carolina and Ohio (where you’ll also find
a moon-walking astronaut).
As an ensemble, I find it very hard to
argue against the fact that those 50 snapshots are a view of what this Nation
has become in 225 years. They offer us a
tangible view of the things that became
reality because of our history, the risks we
took, the investments we made, and the
sacrifices that many have endured. A view
we carry around in our pockets every day,
mostly without thinking. Yet that view is
very, very compelling.
Helen Keller is on our Alabama quarter
today. My question to you is what will be

“If you don’t believe that exploration –
and space exploration in particular – has
been one of the most important drivers
of the very fabric of the world we have
today in America, I invite you simply to
take the change out of your pocket.”
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the back of Alabama’s quarter next time?
Or what will be on the back of *any*
quarter for that matter?
I may be wrong, but I cannot see how
just about anything we hold “important”
today – none of these things – will make it
to the back of the next set of state quarters.
Not Hannah Montana, not Peyton
Manning, not Bill Gates, not Warren
Buffett, not Tommy Tuberville (especially
this year), and not even Nick Saban.
But I could see the Ares-V…or an
imprint of a human outpost on the Moon.
Whatever winds up on the back of the
next set will be a product of the National
narrative that we are charged here, today,
to write and to bring into being. Among
the best tools at our disposal to write that
National Narrative, is through investment
in space exploration at NASA to create the
future world we want.
Clearly, our Nation has had plenty of
things in the past National Narrative that
do not go on the back of quarters – “major”
things – like Human Slavery or the plight
of this Continent’s indigenous people; and
lesser things like Tea-Pot Dome,
Watergate, the “rationale” behind starting
the Mexican-American War, or the stock
market crash of 1929.
These other things – the parts of the
narrative that are not positive – are not
unique to the past. We have plenty today –
the home mortgage crisis, the scourge of

drugs and drug abuse, poor science/math/
education test scores, a lower-life
expectancy than most of Western Europe,
and gasoline that’s recently reached $4 per
gallon.
The lesson for our time in looking at the
back of the state quarter series is not that
the Nation did not have problems, or things
about which not to be proud, but that while
working on these problems, the Nation also
found a way to invest for the future,
committed itself to a bold, positive, and
sweeping set of outcomes – many of which
were nearly unimaginable – and actually
made them happen, to improve the
condition of life on Earth for our people
and those who will follow us.
Space Exploration in NASA is among
the best tools we have at our disposal for
actively creating the future our Nation
wants for itself.
Investment in a National program of
Space Exploration is an unambiguous way
to show not only ourselves, but the entire
world that we maintain a serious sense of
purpose about our Nation’s future,
especially in times of hardship. Space
exploration is something that the entire
world understands, no matter your native
tongue. It demonstrates conclusively your
Nation’s attitude, posture, and
preparedness for tomorrow. To be a spacefaring Nation says “We plan to be here
tomorrow, and we plan to be here in ways

The International Space Station seen from Space Shuttle Discovery as
the two spacecraft begin their relative separation. During the STS-119
mission the Space Shuttle delivered he final set of solar panels to the
ISS, and completed its electricity generating system. (Source: NASA)
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that are better than today, for our people
and those who will come after us.”
Finish the Shuttle. Build Ares-I. Fly
Orion. Finish the ISS. Better understand
our place in the Cosmos through Science.
Build Ares-V. Return to the Moon. Take
Human presence beyond low-Earth orbit.
These desired outcomes were not
established because the Dow was at
14,000, but because they are worthwhile
creative acts to help secure a better future
for ourselves and those who will inherit the
Nation. They are the act of creating for
tomorrow a world we want, not a world
we settle for.
The financial realities of our time will
likely change the path we may have
envisioned to realize these outcomes. But
these realities do not change the value or
importance of our goals. They do not
eliminate a future for our Nation.
These hardships can instead hone and
refine our sense of purpose. They can force
a rededication to investments that are not
simply aimed at avoiding negative
outcomes, but are acts of value creation.
And, as in Lincoln’s example, we should
recognize that these acts, when coupled to
a strong sense of purpose in the future, can
make the future we wish to bring about
even more worthwhile.
I see no better place to do this than
within the context of this Nation’s space
program, because I see the space program
as the best tool we have in America to
create the future world we want.
This is how I answer the question
“Why?” Thank you for the kind gift of
your attention, and the opportunity to share
my thoughts.

Dr. John M. Horack, Vice President for
Research at the University of Alabama
in Huntsville and a former Director of
the Science and Mission Systems Office
at NASA’s Marshall Space Flight
Center, delivered these comments at the
Von Braun Symposium in Huntsville on
October 21, 2008.
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Civil Space and the National Agenda:
The 2008 Carl Sagan Memorial Lecture
by Len A. Fisk

I would like to thank you for the
opportunity to deliver the Carl Sagan
Memorial Lecture. For the subject that I
want to deal with today, and indeed the
main subject of this meeting, the timing
could not be more appropriate. We have
just elected a new President, Barrack
Obama, on an agenda of change – and thus,
as is normally the case, and certainly the
case today, we can expect major changes
in the nation’s space policy, and indeed in
many other policies. This is of course an
opportunity for developing a more vigorous
civil space program, and as an essential
component of civil space, a more vigorous
NASA. It is, however, an opportunity that
is strongly tempered by the fiscal reality
in which we live, with the world’s
economies in serious peril.
The theme that I would like to develop
today, and would hope that our nation’s
leadership will come to appreciate and
support, is that civil space is important to
our national agenda. It offers solutions to
many of the nation’s problems and allows
pursuit of many of the opportunities that
lie before us. And that a vibrant NASA is
the essential underpinning to the success
of civil space.
As we develop this theme of the proper
role of civil space in the national agenda,
let us remind ourselves that the origin of
civil space, the origin of NASA, was to
serve the national needs of the 1950s and
‘60s.
A Brief History
We all know the history. To get to space
you need a rocket, and the basic rocket
technology, on which we still rely today,
was developed by the Germans in the
cauldrons of World War II. In the spoils of
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that war, the Americans did well, acquiring
the leader of the German rocket program,
Wernher von Braun, and 525 of his leading
engineers and technicians, and hundreds of
V2 rockets to play with.
In the U.S., after the war, relatively little
rocket development took place. Rockets
were viewed as military weapons, and from
our location and with the Soviets as the
enemy the U.S. needed an intercontinental
ballistic missile that could carry an atomic
warhead. However, atomic warheads were
heavy, and U.S. senior advisors concluded
that an ICBM would never be possible.
That situation changed in the early 1950s
with the development of the hydrogen
bomb, which required much smaller
warheads. Thus in 1954, the United States

Air Force declared the Atlas program to
develop an ICBM its highest priority.
In the late 1950s the U.S. was interested
in satellites, not for science, but as
reconnaissance satellites for observing the
Soviet Union. This was a time in the U.S.
of much fear of the Soviets, and much
ignorance of what they were capable of. It
was a time when the U.S. flew U-2 planes
over the Soviet Union, one of which was
shot down causing an international incident
for the Eisenhower administration.
Satellites would not have the problem of
being shot down. However, it was unclear
how the Soviets would react to over-flights
of satellites. Would it be considered a
destabilizing threat?

A view of the Voyager 1 and 2 spacecraft as they observed Jupiter and Saturn, left
the outer planets, crossed the Termination Shock, and continue onwards as the most
distant human-made artifacts in space. (Source: NASA/JPL)
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In 1950, in the living room of James van
Allen, in Silver Spring, Maryland, the
International Geophysical Year was
conceived, and then carried out in 195758. As part of this worldwide effort to
understand Earth, the founders of the IGY
thought that launching a satellite would be
a good contribution. The U.S. government
was supportive, not because of the science
it would do, but because a scientific
satellite would legitimize over-flights of
satellites in general.
The U.S. assigned the development of
its rocket and satellite to the Naval
Research Laboratory – the Vanguard
program – because NRL was considered
to be essentially a civilian organization,
and the U.S. wanted only indirect ties to
the military. Unfortunately, NRL had
difficulty in developing the Vanguard
rocket and the Soviets launched first, with
Sputnik on October 4, 1957. Vanguard
blew up in December, and the U.S. turned

to Wernher von Braun, now with the Army
in Huntsville, for the rocket and to JPL for
the satellite, and the first American
satellite, Explorer 1, was launched on
January 31, 1958.
There is probably no single event in
American history that has had more
positive impact on American society than
Sputnik. We had our Pearl Harbor. We had
a Civil War. The final outcome of Pearl
Harbor and our Civil War was a stronger,
more advanced America. However, the
initial consequences were death and
destruction. The American response to
Sputnik, and the Soviet launches of
satellites and humans that followed, was
all positive, and has transformed our
society.
Our response came quickly. Shortly
after the launch of Explorer 1, Congress
passed the Space Act, the bill authorizing
the establishment of NASA, and imparting
to it high-minded purposes and a most
comprehensive mission.

Mariner 2 was the world’s first successful interplanetary spacecraft. The spacecraft passed within
about 34,000 kilometers of Venus, and recorded the planet’s temperature for the first time, revealing
the very hot atmosphere of about 500 degrees Celsius. The spacecraft’s solar wind experiment was
the first to measure the density, velocity, composition and variation over time of the solar wind.
(Source: NASA/JPL)
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And there was more. In 1958, the
National Defense Education Act was
passed, which altered forever scientific
education in the United States. The
research universities came into their
prominence, in recognition that the pursuit
of technology in defense of the nation
requires that the vast science and
engineering resources available in
American universities needed to be fully
deployed.
The transformation of American society
continued with President John Kennedy’s
remarkable pledge in 1961 committing the
United States to place a man on the Moon
and return him safely to Earth before the
decade was out. Perhaps the most revealing
statements of Kennedy’s intentions
appeared later in the speech when he said
“a Moon landing would demand sacrifice,
discipline, and organization: the nation
could no longer afford work stoppages,
inflated costs, wasteful interagency
rivalries, or high turnover of key
personnel.” He stated also “every scientist,
every engineer, every technician,
contractor and civil servant must give his
personal pledge that this nation will move
forward, with the full speed of freedom, in
the exciting adventure of space.”
Kennedy viewed the Apollo program as
an event that would transform the nation.
And transform us it did. At the peak of the
Apollo program, NASA consumed 4% of
the Federal budget; some 400,000
Americans worked on Apollo; some 20,000
American industrial firms of all sizes.
From Apollo, and the all the other aspects
of space that developed concurrently, we
vastly improved the American technical
workforce, and our sense of what
technology can accomplish for us.
Perhaps the most remarkable aspect of
this brief recital of space history is how a
program that had its origins strictly in the
military – the German rocket program of
World War II, ICBMs, the need for military
reconnaissance satellites – evolved into a
highly visible, aggressive, and
comprehensive civil space program of
human exploration, of science, and of the
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utilization of space for society. To be sure,
throughout the history of the space
program, the development of military space
has continued unabated – better ICBMs,
more capable military reconnaissance
satellites – to now where a modern military
is completely dependent on the space assets
it can deploy. However, most of the military

1960s, but the idea was to be very good
about all aspects of space, and to do it in
the most visible way possible.
Other nations, beside the Americans and
Soviets, soon joined the Space Age. The
Europeans, through ESRO, the predecessor
to the European Space Agency, ESA,
launched its first satellite in 1968. The first

All this is now part of our basic
infrastructure as a civilization. We don’t
particularly marvel that is available, we
assume it will be and think no further about
it.
When considering the impact of civil
space, we have to look no further the global
interconnections that have flourished in the

“There is probably no single event in American history that has
had more positive impact on American society than Sputnik.”
work has been classified, invisible to the
public. The public side of space, which
society is most aware of and which it most
benefits from, is the part of space that we
pursue for strictly peaceful purposes.
The reason this evolution occurred is
straightforward. In the Cold War between
two superpowers that were capable of
destroying each other, real war was not
possible. And so civil space became a
proxy for war. An opportunity to
demonstrate your nation’s technological
prowess, and no one needed to be hurt in
the demonstration.
Space as a demonstration for a nation’s
technological capabilities was in fact
wonderful cover for developing all possible
space capabilities. The more you could do,
the more you demonstrated your nation’s
technological prowess. In addition to
Sputnik 1 and 2 in 1957, the Soviets orbited
the Moon and took pictures of the far side
in 1959, a testimony to the precision of
Soviet rockets. They launched the first
human into space in 1961. On the
American side, in addition to pursuing
Mercury, Gemini, and Apollo, the first
weather satellite, TIROS 1, was launched
in 1961. Also in the early 1960s, the first
active communication satellites were
launched, in time to provide television
coverage of the Tokyo Olympics in 1964.
The first mission to another planet, Mariner
2 to Venus, was launched in 1962. The
human space flight program may have
dominated the American budget in the
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Japanese and the first Chinese satellites
were launched in 1970. The Indian space
program launched its first satellite in 1975.
Now many nations have highly
developed space capabilities. Indeed, the
development just since the turn of the 21st
century has been dramatic. Chinese
astronauts. Europe with the ability to
autonomously dock with the International
Space Station. India with a highly
developed launch capability. Israel with
sophisticated reconnaissance satellites. To
cite just a few examples.
Part of the Underlying Infrastructure of
Our Civilization
Over the years since the beginning of
the Space Age, we have seen space become
part of the underlying infrastructure of our
civilization. We have weather satellites that
provide the data to sophisticated weather
forecasting models, to predict the weather
throughout the world. We communicate
through satellites, particularly the visible
images of television that bring to each of
us an awareness, unprecedented in human
history, of what is happening everywhere
in the world at all times. We have direct
broadcasting that brings the television
signals directly into our homes. We have
global positioning satellites, which help us
fly our airplanes, let us find our ways in
automobiles. We have remote sensing
satellites that provide high-resolution
images from around the world, available
now on Google-Earth for all to see.

last few decades. We live in a global
economy. Corporations are multinational.
Manufacturing and trade are worldwide.
Countries who in previous generations
might have been suspicious enemies now
are dependent upon each other for
resources and as marketplaces for their
manufactured goods. It has had a
stabilizing effect on world peace. And it
has been greatly facilitated by satellite
observations and communications.
Detailed knowledge of what is happening
everywhere in the world, and the ability to
share that knowledge. It reduces fear, and
makes the full engagement among societies
possible and routine.
The Subtler but More Profound Impact
There is, however, a subtler but far more
profound impact of the Space Age. And that
is how we view ourselves as humans, how
we relate to each other, what is our place
in the cosmos. For most people I suspect
the change in attitude, the penetrating new
insight, followed from the historical picture
of Earth taken by the crew of Apollo 8 en
route for the first time to the Moon. The
Earth is beautiful, isolated in the cold
darkness of space. We look fragile. Who
would not conclude that we have a
responsibility to protect our home, to
ensure that it remains a safe haven for us
in the inhospitable cosmos?
For others there was a profound
awakening when Voyager, leaving the solar
system, turned its cameras to look back and
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see the planets, including Earth, as mere
dots of light. How vast space is; how alone
we are at least in our local neighborhood.
And then there has been the steady
drumbeat of astronomical discoveries.
Space is the ideal location from which to
observe the universe. Our atmosphere
shields us from many forms of radiation
and even in visible light, which does
penetrate through the atmosphere, it can
be distorting. So from virtually the
beginning of the space program, the space
faring nations of the world have launched
ever more sophisticated astronomical
observatories, and greatly expanded our
knowledge of the universe, and greatly
expanded the questions we can ask, and
can expect eventually to answer.
We have observed the remnant radiation
from the Big Bang that began our universe.
We have found that the expansion of the
universe continues to accelerate, driven by

difficulty in marveling in the beauty and
the majesty of the universe, and in its
unfathomable vastness.
The Copernicus revolution of the early
16th century displaced Earth and thus
humans from the center of universe,
showing that we are just another planet
orbiting the Sun. I doubt the public of that
time paid a great deal of attention, but the
Copernicus revolution ultimately affected
society and its attitudes, even religion.
We are in the midst of another such
revolution, which in time will have equally
profound consequences. As the vastness of
the universe becomes known and
appreciated by all, and how common are
our planetary circumstances, we become
ever more insignificant. But perhaps we
will view that insignificance in the most
positive light – that our tensions and
conflicts, which are our constant, everyday
concern, are truly insignificant in the grand
scheme of the cosmos.

The epic journey of exploration of the
Space Age has been the Voyager
spacecraft, which visited Jupiter, Saturn,
Uranus, and Neptune, and now the two
Voyagers are en route out of the solar
system, both having crossed the
termination shock of the solar wind, where
the supersonic expansion of the solar
atmosphere, the solar wind, goes subsonic
and begins the process of merging into the
local interstellar medium.
There has been unprecedented
excitement in the discoveries of each
planetary mission. The flybys were events
for which the public stayed up and watched.
The rovers on Mars have been adopted by
the public and followed on the Internet with
each new canyon and rock formation that
is explored.
In the U.S., and perhaps elsewhere in
the world, we are witnessing a fascinating
difference among the generations as to

“In the U.S., and perhaps elsewhere in the world, we are
witnessing a fascinating difference among the generations
as to what is impressive.”
a force that we don’t yet understand. We
have discovered that there is matter in the
universe, a lot of it, which we can’t yet
observe. We have seen galaxies forming
at the beginning of the universe, and stars
forming in our own galaxy. We have
discovered planets around other stars,
many of them, so many that it is ever more
likely that there are other Earth’s and
perhaps other civilizations comparable to
our own.
We have generated marvelous images
from our great observatories peering into
the universe in all the different wavelengths
of light. The public, in many cases, cannot
fully understand the scientific discoveries
enabled by these images. But they have no
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The Exploration of the Solar System
We have also explored our own solar
system, revealing the wonders and the
opportunities it contains. Prior to the Space
Age, the planets were observed with only
very limited resolution, by telescopes. Now
we have been to them all. Depending where
you stand on whether Pluto is a planet, we
will be there shortly also.
It has been a systematic process. First,
flybys that produced many surprises. Then
orbiters about many of the planets –Venus,
Mars, Jupiter, and Saturn, with a Mercury
orbiter currently underway. And in the case
of Mars, there have been landers with their
rovers that roam the surface and look for
water and maybe life.

what is impressive. To the older
generations who witnessed Apollo, human
space flight is impressive. The astronauts
are true heroes. However, to the younger
generations who are steeped in technology,
who vicariously participate in all sorts of
adventures through their computers, rovers
on Mars are more impressive. Indeed, the
younger generation would say what is so
impressive about sending people into
space? The technology, much of which is
not new, is primarily to keep the astronaut
alive. The rovers, however, are based on
the latest technology. They are doing
something we have never done before. And
wouldn’t it be better still if the younger
generation could drive them themselves?
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The crew of Apollo 8 was the first to witness the Earth rising over the
Moon’s horizon. (Source: NASA)

Indeed, if one of the purposes of the
space program is to demonstrate your
nation’s technological prowess, which is
more impressive? Human space flight,
which uses the technology of the ‘60s and
may in time take us back to the Moon, or
to invoke the full power of the revolution
in technology that has occurred over the
past few decades – in materials, in
electronics – and robotically colonize our
solar system?
The Sun and the Space Environment It
Creates
Consider also how much we have
learned during the Space Age about our Sun
and the space environment it creates and
in which we live. This year is the 50th
anniversary of Gene Parker’s seminal
paper, which predicted that the outer
atmosphere of the Sun, a million degree
plasma, would expand supersonically into
space creating a solar wind. Parker’s paper
was highly controversial at the time, nearly
rejected by the journal. It took the first
interplanetary mission, Mariner 2 in 1962,
to settle definitively that indeed Parker was
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correct. The atmosphere of the Sun extends
to fill a large region of space, to carve out
a heliosphere from the local interstellar
medium. And we now know from Voyager
that the supersonic flow continues to
around 100 times the distance from the Sun
to Earth.
The engine of the space environment of
the solar system is of course the Sun itself.
Prior to the Space Age, the Sun was viewed
as a relatively benign object, a constant
source of light and energy, on which we
depend for life. With the advent of space
observations in many different wavelengths
of light, the true character of the Sun has
been revealed. Its surface and lower
atmosphere are a cauldron of dynamic
processes, driven by strong magnetic
forces, that can eject large amounts of highenergy particles, and at times large amounts
of matter, which can impact Earth and other
planets.
This is the space environment through
which we fly our satellites, and hope some
day to fly humans. It is not a friendly place.
It is a place where damage can be inflicted
on our technologies, and if we are not

careful, death inflicted on our human
explorers.
We have made much progress in
documenting the range of conditions that
can occur in our immediate space
environment. We have made only limited
progress in predicting the conditions in
space. Yet if our societies wish to make
maximum use to the opportunities that
space provides, we will indeed need a
reliable predicative capability.
The Sun is a cyclic object. It has an 11year cycle in its activity. Its magnetic
polarity flips every 11 years, for a 22-year
magnetic cycle. The causes of the cycles,
their length, the strength of the activity, all
these are only primitively understood, and
not reliably predicted. Yet there is evidence
of the imprint of these cycles on life on
Earth, through means we do not
understand. As we sort through the
undeniable impact of humans on the
climate of Earth, we need to make sure that
we understand all the natural forcing
functions, and can predict their occurrence
and their impact.
Taking the First Feeble Steps in Learning
to Live and Work in Space
During the first 50 years of the Space
Age, we have also taken the first feeble
steps in learning to live and work in space.
The efforts to use the space environment,
particularly the microgravity environment,
to do research which has application on
Earth, has for the most part been an unfilled
promise. It can be argued that the
unfulfilled promise results from the lack
of flight opportunities. Missions have been
few and of relatively short duration. The
International Space Station, which is
designed to provide the opportunities to
pursue this research, is just now being
completed.
What we have done, however, over
these 50 years, is learned to live in space
and to construct things there, which has
established the usefulness of humans in
space. We have demonstrated that humans
can remain in weightlessness for extended
periods. Since this experience has been
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within the protective shielding of the
Earth’s magnetic field, and thus relatively
free of radiation, the radiation hazard of
space and its consequence for humans, and
whether weightlessness and radiation
together is a serious complication, this still
remains to be determined.
Perhaps the most impressive feature to
date of the International Space Station is
that it has been built. A cooperation among
many spacefaring nations. An
extraordinary construction project, in
which many different pieces of hardware
had to come together and be assembled on
orbit. We have certainly proven that we
can work together as spacefaring nations
to achieve an impressive accomplishment.
We are racing to retire the Shuttle,
which has become a much-maligned
vehicle. Its safety is a concern. Its cost far

exceeds what was expected by its
designers. But what a marvelous vehicle
for learning to live and work in space –
maneuverable, a large payload capacity,
large down mass. It made the assembly and
utilization of the International Space
Station possible.
Earth Science
Finally, there is Earth science. No other
science discipline has had more direct
impact on society than Earth science. And
space has made that impact possible. We
have passed through a tipping point in the
last 50 years to where now our everyday
activities, our use of natural resources, are
having a global impact on the future of the
planet. The sustainability of Earth to
support human life is in question. This is a
global problem. And the global perspective

Scientific observation of the Sun has allowed for a better understanding of how the star works.
Here, a large, eruptive prominence, with an image of the Earth added for size comparison, extends
over 35 Earths out from the Sun. Erupting prominences (when Earthward directed) can affect
communications, navigation systems, even power grids, while also producing auroras visible in the
night skies. (Source: ESA/NASA)
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of observations from space is required to
understand what is happening to Earth,
what our future holds.
We have also learned, strongly
influenced by the global perspective
provided by space observations, that Earth
is a highly coupled system. The
atmosphere, the oceans, the cryosphere, the
land surfaces, the biosphere are all coupled,
in an intertwined system, in which complex
feedback mechanisms are possible.
Understanding Earth, and what we as
humans are doing to it, is not an easy
problem. It does not do any good simply to
say that Earth is warming due to fossil fuel
emissions. That is certainly so. But the
knowledge that is required is what are the
regional consequences. How will
precipitation patterns change, or growing
seasons? Exactly how much will sea levels
rise; a foot makes a big difference.
It will take many observations from
space, and much of the world’s scientific
talent, to understand exactly how Earth
works, and to predict exactly what we as
humans are doing to it; and to monitor and
evaluate our efforts to protect the future of
the planet, should we ever be so wise as to
engage in a serious effort to avoid the
pending catastrophe.
In the late 1980s NASA made a serious
effort to embark on a major program to
make comprehensive observations of
Earth, and to support the science needed
to understand the observations, with its
multibillion dollar Mission to Planet Earth.
That program has to date been largely
abandoned under the same government
policies that have treated the human
influence on the climate as an uncertainty.
The perceived economic consequences of
any meaningful response were considered
to be so overwhelmingly negative that
ignorance of what our future holds is a
preferred state. Generations to come will
not be kind to us that we treated the future
sustainability of the planet so cavalierly.
At least we can say that one of the most
important impacts of civil space is that it
has provided the basis for our growing
human awareness that our societies,
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“No other science discipline has had more direct impact on society
than Earth science. And space has made that impact possible.”
collectively, will determine the future of
the planet. Most of us know this. Most of
us came to this realization because of the
global perspective of Earth that has been
provided by space observations. Most of
us would like to see wise decisions being
made to protect that fragile globe that we
saw from Apollo 8 and be sure that it
remains our hospitable home in the hostile
and lonely environment of space.
Civil Space and the National Agenda
The civil space program was formed to
serve clear national needs – to fight the
Cold War by proxy; to help transform the
nation into a more technologically
advanced society. We did that job well. And
moreover, society realized many additional
benefits. We vastly increased our
knowledge of Earth, the Sun, our solar
system, and the universe beyond. We
altered forever our understanding of our
place in the cosmos. And, perhaps, most
important, we made possible a world that
is
highly
interconnected
and
interdependent, and thus more secure.
The question of course is, then, what
role should civil space have, and what role
should NASA have, in the national agenda
of today and tomorrow.
Global climate change. The
governments and the societies of the world
need facts on which to base sound policy
decisions to ensure the sustainability of
Earth. We have an energy crisis, and in time
we will find new sources of energy, and
these new sources must be consistent with
the necessity to maintain a planet on which
we can live. The information on the
sustainability of Earth will come from
space observations and the interpretation
and analysis of data that space observations
provide. NASA and NOAA need to provide
the most comprehensive and complete
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information possible on how Earth works,
what we as humans are doing to it, and to
do so as soon as possible before irrevocable
damage has occurred.
Economic growth. We have sent the
modern day version of the fur trappers or
the Lewis & Clark expedition to determine
what it is like to live and work in our near
space environment. Is it not now time for
the settlers to follow? Humans and robotics
working synergistically to expand our
economic sphere to include the near space
environment, the Moon, and the asteroids.
If so, NASA, together with other nations,
needs to extend the human presence
throughout these regions.
National security. We live in a more
secure world because the nations of the
world are reliant upon each other. Will we
not also be more secure in space if space
becomes a routine place to conduct science
and for commerce? Where the spacefaring
nations cooperate, as we do in science and
in commerce on Earth today.
The image of the United States. We
should be concerned with the image of the
United States in the world and find ways
to portray ourselves as a forward thinking,
cooperative society with concerns for all
the world’s peoples. Our civil space
activities in all their dimensions, from our
cooperative programs to how we treat and
involve the citizens of other nations,
provide us with the opportunity to be a
shining example of the image we wish to
project.
Science. There are compelling tasks that
need to be undertaken in specific scientific
disciplines. If we extend the human
presence into space, we no longer have the
luxury of treating the conditions and the
hazards of space as an interesting scientific
problem to be solved at our leisure. We
need instead to develop a true predictive

capability of the space environment
through which humans will fly. And we
should do so as soon as possible.
Perhaps we will decide that the future
of fundamental physics is in understanding
dark energy, which is not understood but
appears to be powering the expansion of
the universe. We need to mount a
worldwide effort to use our capabilities in
space to understand this fundamental force
of nature. With anticipation, as with all
previous discoveries in fundamental
physics, that future societies will depend
on and profit from the discoveries we make.
Culture. It cannot be that we occupy this
vast universe alone. Where does everybody
else live? What are they like? We need to
determine how common life is, even within
our own solar system. And search for life
elsewhere in the universe and, if possible,
to communicate with it. Such an event
would alter the course of human history
like no other.
Planetary protection. Asteroids can hit
Earth and destroy us. An unlikely event,
but not an impossible one. We need to fully
understand our risks and to be prepared to
defend ourselves.
Technology. We need to ever improve
the technology we depend on to explore
and to utilize space, and to make these
technological advances available to the
broader economy. To do so, NASA has to
ensure that its people have imagination, a
willingness to take reasonable risks,
searching for advances and improvements,
not ever being satisfied with the way we
have always done it. And to do so, not in
isolation, but rather on behalf of all
endeavors in space.
Education. We have a need for a
technically competent workforce, to solve
the many problems facing our nation, and
to ensure our economic future. Space has
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Observations of Earth from space have recently shown that the decade-long trend of shrinking sea ice cover is continuing. New evidence from satellite
observations also shows that the ice cap is thinning as well. This data visualization from the AMSR-E instrument aboard Aqua shows the maximum sea
ice extent for 2008-9, which occurred in late February 2009. (Source: NASA/NSID, Goddard SVS)

a proven record of creating technically
competent workforces. The Apollo
program inspired a generation to pursue
careers in math, science, and engineering.
We can do it again.
Hope. Perhaps most of all, particularly
these days, there is a worldwide need to
believe that the future can be better than
the present, and to collectively work to
secure that brighter future. Space is all
about the future. We envision a time when
our planet is safe from ourselves. When
our economies grow without bound. When
our knowledge of the wonders of the
universe has become true understanding.
When we are a true spacefaring
civilization. We need to pursue that
brighter future.
And none of these activities, or any
other national agenda item to which civil
space and NASA could contribute, are
mutually exclusive. There should be no
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single, dominant goal for NASA. Our
nation faces, and indeed the world faces,
so many problems, and civil space has the
ability to contribute solutions to many of
them. And we are blest with so many
opportunities that civil space can help us
pursue.
We can ask of course whether what I
am advocating is affordable in our
financially imperiled world today. Perhaps
the likelihood is similar to the probability
of being hit by an asteroid. An unlikely
event, but not impossible.
NASA is funded at less than 1% of the
Federal budget. Why this amount? It is
historical. The funding level for NASA was
established by Richard Nixon in the early
1970s, and it has changed little since.
It is also a budget level that is wholly
incompatible with how pervasive civil
space has become in our society, and how
important it is to our nation’s future.

At some point the immediacy of the
current financial crisis will abate, and we
will turn our attention again to our nation’s
future. And when that discussion occurs,
civil space needs to take its rightful place
in the national agenda.
Thank you very much.

Len A. Fisk is the Thomas M. Donahue
Collegiate Professor of Space Science in
the Department of Atmospheric, Oceanic,
and Space Sciences at the University of
Michigan. This lecture, based in part on
the paper “The impact of space on society:
Past, present and future” by Len A. Fisk,
which appeared in Space Policy, 24, 175,
2008, was delivered on November 18,
2008, as the Carl Sagan Memorial
Lecture at the 2008 AAS National
Conference and 55th Annual Meeting in
Pasadena, California.
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AAS NEWS

Successful Goddard Symposium Addresses
Sustainable Space Exploration
The 47th Robert H. Goddard Memorial
Symposium drew a large and enthusiastic
audience March 10-12 in Greenbelt,
Maryland. This annual symposium is the
AAS’ premier event in the Washington, DC
area and is supported by the NASA
Goddard Space Flight Center.
On the eve of the Center’s 50th
Anniversary, this year ’s theme,
“Sustainable Space Exploration,” provided
a forum to reflect on the full range of space
exploration topics: human and robotic,
science and technology, policy, human
capital and education, outreach,
commercial and international.

Closing speakers discussed the servicing
of the Hubble, global change monitoring,
NASA’s science program, and an economic
view of global space.
Guest luncheon speakers Alan Ladwig,
Special Advisor at NASA, and Wayne
Hale, NASA’s Deputy Associate
Administrator of Strategic Partnerships,
enlightened all with their candid
perspectives of NASA leadership and
programs. At the Awards Luncheon, AAS
President Frank Slazer presented Dick
Kline with the 2009 Award for
International Cooperation and Michael
Neufeld with the Eugene Emme
Astronautical Literature Award.

General Lester Lyles

Rob Strain

Center Director Rob Strain began the
symposium by introducing keynote speaker
General Lester Lyles, who emphasized the
importance of a sustainable, affordable,
credible, and relevant space program. He
was followed by Scott Pace, who discussed
challenges to sustainability, and Tom
Cremins, who focused on sustaining human
exploration.
The first day of the symposium also
included panel sessions covering Earth
science, the education and human resources
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pipeline, and sustaining the aerospace
industry. In recognition of Goddard’s 50th
Anniversary, panel members from the
center presented, ‘Five Decades of GSFC:
Sustaining Goddard Past, Present and
Future’. Led by Dr. Laurie Leshin, deputy
director for Science and Technology, the
five-member panel reflected on many of
Goddard’s unique missions of the past and
presented overviews of Goddard missions
to come.
Rob Strain opened the second day by
addressing both past accomplishments and
the challenges in sustaining Goddard for
another 50 years. He was followed by
updates and perspectives from each NASA
center, represented by their directors or
deputies in special panel sessions. Common
themes included the challenges of an aging
workforce, facilities, and equipment with
limited budgets and technology support.
The consensus included a greater need for
partnership to sustain NASA Field Centers.

AAS Vice President-International Clay Mowry,
Dick Kline, and AAS President Frank Slazer

Michael Neufeld and Frank Slazer

Videos of the speakers and presentations
will be available on the AAS website
www.astronautical.org.
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UPCOMING EVENTS

AAS Events Schedule
May 26-29, 2009
*12th International Space Conference
of Pacific-basin Societies (ISCOPS)
Holiday Inn Select
Montreal, Canada
703-866-0020
June 12-14, 2009
*5th Student CanSat Competition
Amarillo, Texas
www.cansatcompetition.com
August 9-13, 2009
*AAS/AIAA Astrodynamics Specialist
Conference
Renaissance Pittsburgh Hotel
Pittsburgh, Pennsylvania
www.space-flight.org
October 12-16, 2009
International Astronautical Congress (IAC)
“Space for Sustainable Peace and Progress”
Daejeon, Korea
www.iac2009.kr
October 20-21, 2009
*Von Braun Symposium
Von Braun Center
Huntsville, Alabana
703-866-0020

*AAS Cosponsored Meetings

Welcome New Corporate Members

RWI International Consulting Services
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AAS Corporate Members
The Aerospace Corporation
Air Force Institute of Technology
a.i. solutions, inc.
Analytical Graphics, Inc.
Applied Defense Solutions, Inc.
Applied Physics Laboratory / JHU
Arianespace
Auburn University
Ball Aerospace & Technologies Corp.
The Boeing Company
Braxton Technologies, Inc.
Computer Sciences Corporation
Dittmar Associates, Inc.
Edge Space Systems, Inc.
Embry-Riddle Aeronautical University
General Dynamics AIS
George Mason University/CAPR
Honeywell Technology Solutions, Inc.
International Space University
Jet Propulsion Laboratory
KinetX, Inc.
Lockheed Martin Corporation
Lunar Transportation Systems, Inc.
National Institute of Aerospace
N. Hahn & Co., Inc.
Noblis
Northrop Grumman Space Technology
Orbital Sciences Corporation
The Pennsylvania State University
Raytheon
RWI International Consulting Services
SAIC
The Tauri Group
Technica, Inc.
Texas A&M University
United Launch Alliance
Univelt, Inc.
Universal Space Network
Universities Space Research Association
University of Florida
Utah State University / Space Dynamics Lab
Virginia Tech
Women in Aerospace

Thank you for your continued support!
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Weightless Flights of Discovery
by Jeff Elbel
The Northrop Grumman Foundation
continues its program to provide teachers
with a remarkable experience to help
inspire students in the field of science.
On October 21, 2008, fifty-five teachers
met at Chicago’s O’Hare airport for the
ride of a lifetime. The guests of honor
represented schools from a dozen states.
All had been selected to participate in the
Northrop Grumman Foundation’s
Weightless Flights of Discovery program,
which allows middle school instructors to
test Newton’s Laws of Motion in zero
gravity and micro-gravity aboard a
chartered Zero-G Corporation flight. The
Foundation’s goal is to energize students
toward math and science during critical
years or learning.
During the weeks prior to the flight,
teachers worked with their students to
develop experiments to be conducted in the
weightless environment. Patricia Green
from Orchard View Middle School in
Muskeegan, Michigan wore a cape,
because her students wanted to know how
Superman’s cape would behave in space.
One student signed his name to the cape
with the encouraging note, “Don’t die,
come back.”
Youthful sarcasm notwithstanding, Ms.
Green’s students needn’t have worried.
Before the first parabola, Flight Specialist
Chace Johnson announced, “You’ll see all
of us become five year olds in about ten
minutes.” Throughout the flight, the sounds
of laughter drowned out the noise of the
modified Boeing 727’s engines.
During the first several parabolas
providing zero gravity, Johnson’s
prediction proved wholly true. The
excitement in the cabin exceeded that of
most kindergarten recess periods, as up
became down, and bodies drifted into each
other. When the flight directors called,
“Feet down, coming out,” participants were
trained to reorient and prepare for the next
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Up, up, and away! Math and science teachers
take off for flight while experiencing weightlessness. Space Times’ Jeff Elbel gives the salute.
(Source: Northrop Grumman Foundation)

pass. When traversing the bottom of the
parabola, the sensation of nearly double
earth’s gravity could be felt as participants’
bodies were pressed into the padded cabin
floor.
The flight spent about an hour over
Wisconsin and Lake Superior, making
fifteen parabolic maneuvers. Each pass
provided roughly thirty seconds of reduced
gravity at the top of the parabolic arc.
Participants were eased into the experience
by being first introduced to Martian
gravity. The teachers were encouraged to
do push-ups in order to experience the
difference at one third of Earth’s gravity.
Next were two parabolas simulating lunar
gravity at a sixth of Earth’s gravity. The
teachers relished this experience,
imagining themselves as Neil Armstrong
or Buzz Aldrin, bounding over a barren
moonscape.
After several parabolas focused on the
thrill of the weightless experience, the
teachers conducted experiments
demonstrating concepts of weight versus
mass, or studying blood pressure under
weightless conditions. Teachers tossed
each other through hula hoops. Chicago
teacher Michael Johnson brought a small
basketball and hoop to demonstrate the

difficulty of arching a ball into the net
without the pull of gravity. Fortunately,
zero gravity allowed him to more easily
demonstrate the Michael Jordan-styled
slam dunk.
Another teacher brought a Newton’s
Cradle. The popular executive toy has been
used to debunk conspiracy theorists who
claim that the lunar landing was staged.
Before flying, the teacher had filmed
herself at regular Earth gravity while
explaining Newton’s third law, with the
cradle clacking beside her. She repeated
the exercise during a parabola simulating
lunar gravity, with the cradle moving
dramatically slower as she spoke. “There
are plenty of kids today who believe we
didn’t go to the moon,” Flight Specialist
Johnson said. “They think that images of
astronauts bounding across the moon in
slow motion could have been easily faked.
[This] simple experiment goes a long way
toward demonstrating the physics
involved.”
Although a couple of participants
struggled with motion sickness (they don’t
call it the “Vomit Comet” for nothing),
almost everyone who participated agreed
that the only thing that could top the ZeroG experience would be to do it twice.
The Northrop Grumman Foundation has
scheduled four new opportunities for
teachers to experience weightlessness,
beginning with a flight from Albuquerque,
New Mexico, on September 22nd. For
more information, visit http://tinyurl.com/
cprh3u online. Non-teaching civilians can
book their own weightless flights with the
Zero-G Corporation for a ticket price of
roughly
$5,200.
Visit
http://
www.gozerog.com for further information.
Jeff Elbel is a senior aerospace engineer
at SAIC-Chicago and is the editor of
Space Times magazine.
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AAS CAREER CENTER

Searching for Stars?

Discover the vast
network of space
professionals right
here on the ground.

The AAS Career Center
Many job seekers and employers are discovering the advantages of searching online for jobs
and for qualified candidates to fill them. But when it comes to making career connections in the
field of space science and exploration, the one-size-fits-all approach of the mass-market job
boards may not be the best way to find what you’re looking for. The AAS Career Center offers
employers and job seeking professionals a better way to find one another and make that perfect
career fit.
Employers: You can target your recruiting to reach qualified professionals quickly and easily.
Search the database of resumes to contact candidates proactively, and get automatic email
notification whenever a candidate matches your criteria.
Job Seekers: The AAS Career Center offers enhanced searchability of job listings, as well as
automated “job agents” that send relevant listings to your email based on your specific criteria.
Whether you’re looking for a new job, or ready to take the next
step in your career, the AAS Career Center will help you find
the opportunity that suits you.
Visit us at http://careers.astronautical.org today to post your
job or search job listings in your field.
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NOTES ON A NEW BOOK

Robots in Space: Technology,
Evolution and Interplanetary Travel
Reviewed by Mark Williamson
Robots in Space: Technology Evolution
and Interplanetary Travel by Roger D.
Launius and Howard E McCurdy. Johns
Hopkins University Press, 2008. 313
pages. ISBN: 978-0-8018-8708-6. $35.00
(hardback).
The debate over whether manned or
unmanned spacecraft are more effective
(particularly cost-effective!) in the realm
of space exploration has been running
almost as long as the Space Age itself. It
has led to heated arguments and sometimes,
to a lack of willingness to communicate.
In a field where communication is
essential, such circumstances are at best
inadvisable.
This book on unmanned space
exploration takes the debate by the horns
and labels it “a false dichotomy.” “The
issue is multi-sided,” say the authors, “with
approaches like ‘manned’ and ‘unmanned’
giving way to less conventional concepts
as exploration activities mature.” Quite
what these “concepts” are is not
immediately apparent, mainly because the
authors practice a verbosity one usually
associates with the social sciences. It later
emerges that it has much to do with
“geopolitical prestige, and survival of the
species.” The other three objectives of
space exploration presented by the authors
– scientific discovery, commercial
applications and national security – “can
be achieved by robots alone,” they say,
while some things can only be done by
humans. No news there.
The titles of the book’s chapters –
“Human Spaceflight as Utopia,” “Homo
Sapiens, Transhumanism, and the
Postbiological Universe,” “An Alternative
paradigm?” – indicate the level of
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discourse readers should expect. This is no
Space-101. This is not to say that the book
isn’t well written. It’s simply not as
accessible as some readers may wish. As
part of the publisher’s “New Series in
NASA History,” it is aimed more at
academics than lay readers (as confirmed
by the 45 pages of references and a total
lack of illustrations).
Luckily, though, it’s an academic book
without the academic ($100) price tag, and
one of those volumes space aficionados
should consider as part of the ‘next level.’
It’s the sort of book you yearn for when
you’re finished with the coffee table
glossies, graduated through the potted
histories and the future technology tomes,
and feel you’re ready for a bit of sociopolitical analysis and cross-cultural
speculation (referring to the “cultures” of
science fiction and engineering fact).
The book contains plenty of references
to science fiction, particularly the role of
robots, such as “Gort” in the SF classic
film The Day the Earth Stood Still and
what the authors dismiss as “the silly robot
in the 1960s television series Lost in
Space.” And of course, you’d be surprised
if they failed to mention HAL from 2001,
C3PO from Star Wars, and Asimov’s Laws
of Robotics. It is these parts of the book
with which most space-aware readers will
associate, as they help to place the realworld robotics of space exploration (so far
as it exists) in a cultural context.
The difficulty comes when the authors
worry themselves about terminology,
seemingly uncertain whether to refer to
spacecraft as robotic, automated, or – in
the classical sense – unmanned. They even
dedicate an appendix to the subject, titled
“Inadequate Words: A Note on

Terminology,” which examines the
historical development of spacecraft
definition. The thing is, they wouldn’t have
a problem if they weren’t so bound up in
what they call “an obvious gender
impropriety” and recognised that
“manned” needn’t mean “populated by
men.” Modern, intelligent men are well
aware of the equality of women, and
modern intelligent women don’t feel
threatened by labels. But this is not the
place for discussions of “political
correctness.” Neither is a book on robots
in space.
Ignoring irrelevancies, this book should
interest any intelligent reader with an
interest in the history and future of space
exploration, whatever technology is
applied. Its mix of historical background
and social context, entirely due to the
authors’ long experience, takes the reader
well beyond the usual issues of technical
challenge and budget limitations, while
numerous selected quotations accentuate
the human element (albeit sometimes by
virtue of the technology they produce). For
example, former presidential assistant for
science and technology, John H. Gibbons,
compares “the von Braun paradigm – that
humans were destined to physically explore
the solar system” with “technologies that
will fundamentally redefine the exploration
paradigm.” “We have the ability to put our
minds where our feet can never go,” he
said. Or as the introduction to The Six
Million Dollar Man put it so succinctly,
“We have the technology.”

Mark Williamson is an independent
space technology consultant and author.
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