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The Vital 5%
Thomas Edison was once famously said to have said that invention was 5% inspiration and
95% perspiration. I don’t know if he got the balance exactly right, but it was terrific to see a great
deal of youthful inspiration recently on display at the ninth annual Team America Rocketry
Challenge (TARC) at The Plains, Virginia on May 14, 2011.
The contest is sponsored by the Aerospace Industries Association (full disclosure – my current
employer!) and the National Association of Rocketry, in collaboration with the Department of
Defense; NASA; the American Association of Physics Teachers; Estes, a model rocket manufacturer; and more than 30 industry partners.
Over 600 high school age students on 100 qualifying teams from 34 states competed in the final round of the ninth annual contest.
Each three- to ten-person team is challenged to design and build a rocket that will lift off to an altitude of exactly 750 feet during a 40 to
45 second flight carrying a raw egg, which must return to the ground undamaged by parachute. The teams were competing for up to
$60,000 in scholarships and prizes.
This year’s winning team from Rockwall-Heath High School in Heath, Texas, will attend an international fly-off at the Paris Le
Bourget Air Show in June against teams from the UK and France. The final winner will be presented their award by the President of
France at the Airshow.
Since TARC’s inception in 2003, more than 50,000 students have entered the competition. In a 2010 survey of TARC alumni, 92
percent of participants said they would encourage a friend to pursue a STEM (Science, Technology, Engineering & Math) related
career, and four out of five respondents said TARC has had a positive impact on their course of study.
The contest aims to inspire students to pursue further study, and ultimately pursue STEM careers, but they also wound up inspiring
the adults in attendance – including me – both for their achievements and their ability to work together as teams. The students were
highly motivated to attend. One school on the border of Mexico even sold goats to raise money to attend! This year’s TARC also saw the
participation of a Japanese demonstration rocket team from the same prefecture in Japan that was devastated by the recent earthquake,
tsunami, and subsequent nuclear contamination. They were all the more committed to attend
and were warmly welcomed by their American counterparts.
TARC is not the only space related STEM event – and some are tied to other disciplines
such as robotics. AAS and our dedicated Executive Director, Jim Kirkpatrick, support the
annual Student CanSat Competition in Abilene, Texas, which is aimed at college students.
CanSat teams must design, build, and launch a payload the approximate size of a twelveounce soda can via rocket to an altitude of 1,100 meters. Each CanSat must carry one raw
hen’s egg intact from launch to landing. During the flight and descent, GPS position and
telemetry are transmitted to a ground station every two seconds, and the descent must be
controlled so the egg is not damaged upon landing.
As any of us who have pursued STEM careers can attest there is a lot of perspiration to
completing the often difficult coursework and assignments needed to gain the mental
discipline and subject matter proficiency to succeed in space activities. Efforts such as
TARC and CanSat can make a real impact in a young person’s life. I encourage all AAS
members to find some way they can support – or initiate – STEM activities in their
communities. The 5% inspiration may not seem like much, but it’s vital for our next
generation’s success!
Team American Rocket Competition in Virginia
(Source: AIA)

AAS – Advancing All Space

Frank A. Slazer
digaslaze@mac.com
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Space Exploration – How Far Can We Reach
and How Do We Get There?
by Eugene F. Lally
Spacecraft missions and technologies are
proposed to elevate our scientific
understanding. The desire to learn more
about planetary evolution, Earth’s place in
the universe, and our significance as a
civilization are reasons to investigate. Areas
for space exploration have been divided into
zones including interplanetary, interstellar
and intergalactic. Each is addressed as it

relates to manned and unmanned spacecraft
missions. Primary objectives include our
manned Mars program and determining how
far into deep space we can reach with
instruments onboard unmanned spacecraft.
The longer we are able to sustain manned
planetary bases, and the further we explore
using unmanned spacecraft with remote
viewing instrumentation, the better we will

expand our intellectual reach for the greater
good of all.
Answering the question “How do we get
there?” will best be accomplished with
practical awareness regarding cost and
political constraints. Technical creativity
will need to outmaneuver budget pressures.
Discovering new scientific data is the
precursor to creating new knowledge and

Artist’s rendering of what human exploration of Mars might be like. (Source: NASA)
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Interstellar Explorer Spacecraft will employ two in-space propulsion stages with outrigger solar cell arrays later converted to solar sails. (Source:
Douglas Cali)
technologies. America needs smarter,
brighter dreams and a renewed sense of the
wonder and national pride that we enjoyed
early in the space program.
Manned Mission Exploration
How do we get manned missions moving
again? The “How far can we reach” part of
the title question is constrained to the zone
of interplanetary travel for manned
missions. Complications of reaching the
next zone, including interstellar travel and
the exoplanets we are discovering in that
zone, are beyond our conceivable
technology.
There are many exciting technical
concepts we comprehend superficially and
could consider for manned missions to the
interstellar zone. The long flight durations
make them impractical. Voyager 1, the
fastest traveling unmanned spacecraft
launched in 1977, would take 75,000 years
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to reach the vicinity of Proxima Centauri
(the closest star at 4.3 light-years).
Advanced propulsion systems conjured up
to reach 10% the speed of light would
theoretically arrive within 40 years. We are
currently nowhere along that technical path.
Mars is the most logical location for
manned bases, and offers reasonable transit
times of nine months or less. Mars offers
the fewest obstacles and the most
advantages of all solar system locations.
Short-stay manned missions in our solar
system are within our technical grasp if we
overcome a significant roadblock.
Technological advancement is of critical
importance for efficient missions and cost
considerations, however, it is the current
obstacle. Every spacecraft discipline’s
technology advanced significantly over the
years since Sputnik except rocket
propulsion. Propulsion using more efficient
nuclear rockets, a concept developed under

the NERVA Program, was advancing and
certified for manned missions in the late
60s. The program became embroiled in
budgetary, political and ecological
complications. Along with related Mars
mission research, it was cancelled. This
ended hope for the nuclear rocket manned
Mars missions scheduled for the late 1970s.
Rocket propulsion innovations and our
financial will to progress stagnated from that
time forward. This juncture marked the
beginning of the Space Shuttle era.
When the Space Shuttle’s life-cycle was
concluding, planners moved back to
expendable rockets, not seeing any
breakthrough in propulsion. The lack of
propulsion improvements added further
uncertainty for manned missions following
the Space Shuttle. The Constellation
Program started and stopped as technical
confusion and funding problems surfaced.
Private development of launch vehicles
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became politically interesting, adding
further confusion.
The propulsion discipline requires the
largest proportion of lift-off weight for
rocket propellant, engine hardware and
vehicle structure. It is therefore most
important in dictating program architecture
and cost.
Inductive thinking leading to invention
has not surfaced for chemical or other
realistic rocket propulsion schemes. The
“How do we get there” part of the title
question requires a new paradigm for
propulsion. A manned Mars program is
therefore proposed based upon in-situ
production of mission essential materials at
manned base locations. This approach
greatly reduces Earth lift-off weight. It also
takes advantage of available propulsion
technology. Taking this bold development
step breaks the paralyses for manned
planetary exploration and provides
innovation needed for visits to Mars.
In-situ Essential Materials
Manned missions to the Moon, Mars,
planetary moons and asteroids could be
better expedited were it feasible to extract
essential materials in-situ at the target
destinations. Extracting supplies for “living
off the land” during the visit and for return
rocket propellant and return provisions
would offer a strategy to regain traction for
manned exploration. Implementing this goal
will create a new sense of enthusiasm for
our space exploration psyche, and builds a
broad technological base for advanced long
duration missions. Producing these
materials at the destination manned bases
rather than having to be brought there from
Earth greatly reduces Earth lift-off weight.
It also limits advanced technology required
for launch stages that we have been reluctant
to develop.
Since we are stalled within our past
expendable chemical rocket technology, this
in-situ approach provides the rationale to
take advantage of what has previously held
us back. We can stop procrastinating and use
that stagnant technology for Earth lift-off,
and again on Mars for the return to Earth.
We will place the technological burden upon
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NASA Glenn researchers prepare for an ion engine wear test of the NASA Evolutionary Xenon
Thruster (NEXT). This advanced system will use electrically charged xenon gas atoms (ions)
and electrical power to drive future spacecraft. NEXT is a new alternative to chemical propulsion
and could revolutionize the way we send science missions deeper into the solar system. The test
was conducted in Glenn’s Electric Propulsion Laboratory, which supports research and development of spacecraft power and electric propulsion systems. (Source: NASA Glenn)
developing in-situ production schemes to
first get us back on track to Mars, then be
applied to longer term manned visits to
other solar system bodies.
During June 2009, NASA’s Lunar Crater
Observation Sensing Satellite (LCROSS)

employed its spent Centaur stage to impact
the Moon. How fitting that the Centaur stage
conceived and designed by Krafft A.
Ehricke, a German rocket propulsion
pioneer who came to America to help launch
our space program, was used. The debris
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plume produced by Centaur’s impact was
monitored with spectrometers from a
closely following spacecraft. The presence
of water-ice in concentrations large enough
to be considered significant was detected.
Confirmation of water availability on the
Moon was a breakthrough event that moved
in-situ material extraction on celestial
bodies from a scientific hope to a technical
development challenge. The issue becomes
central to manned mission planning.
A visit to Mars is suggested first. It offers
an atmosphere that can be readily exploited
for aerodynamic vehicle braking (saving
propellant mass) and an exploitable
environment for in-situ return propellant
production. A three-phase manned Mars
program is proposed. Unmanned spacecraft
landers will prepare for manned exploration.
The first two phases will land unmanned
spacecraft with a variety of equipment to
prepare for the third phase, featuring
manned landings. Phase 1 landers will
determine essential material availability and
test the feasibility of in-situ extraction. The
results will specify production extraction
equipment for the Phase 2 unmanned
landers. These will produce and stockpile
essential materials prior to committing
manned launches. As Phase 2 proves
successful, elements of the manned Phase
3 can be finalized.
During Phase 1, robotic surface
laboratories will determine availability of
indigenous essential materials and firm up
technologies to extract. The essentials
considered for in-situ extraction in order of
weight saving priority are:
- Return Propellant (Methane/Oxygen)
- Habitat Construction Material
- Water
- Food
- Oxygen
The largest potential mass saving at Earth
launch is related to propellant for the return
trajectory from Mars. In-situ propellant
availability and extraction are therefore top
priority. Fortunately, propellant is
technically the easiest and most reliably
extracted of the mission essentials on Mars.
A well known and proven chemical reaction
will be applied on Mars using the Sabatier
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chemical reactor which offers reliable, stateof-the-art hardware to produce return
propellant.
Production of propellant fuel and
oxidizer, methane and oxygen, will be
implemented by transporting a supply of
light weight hydrogen and Sabatier
chemical reactor units from Earth. The
hydrogen, when combined in the chemical
reactor with atmospheric carbon dioxide,
produces methane and water. The Martian
atmosphere has an abundance of carbon
dioxide, making this approach to produce
propellant on Mars feasible. Oxygen is then
extracted from the supply of water by
electrolysis and stored as oxidizer. The
methane is stored as fuel for the return-toEarth rocket. Oxygen will also be stored for
later use by astronauts upon their arrival
during Phase 3. With lightweight hydrogen
delivered to Mars and heavy oxygen and
methane fuel produced on the surface, the
resulting 18:1 multiplication for propellant
mass is attractive. In-situ resource
exploitation offers breakthrough Earth liftoff weight savings while using current
rocket technology limitations.
Food production techniques will be
developed for the surface of Mars in domed
structures to grow crops concentrating on
protein-rich food. Soybeans will be a prime
crop, as they contain a large percentage of
protein for the total energy and water
required to grow them. Cultivating domes
will be landed in Phase 2 along with seeds,
nutrients and artificial illumination to foster
efficient photosynthesis. Water supplied
from the Sabatier process will be used for
cultivation, and general base needs by the
astronauts. A mud-texture made uisng water
and indigenous regolith within a hydroponic
culture with added nutrients will be
implemented in the cultivation domes as
soil.
The domes will consist of highly
reflective internal surfaces shaped to
produce uniform illumination. Multiple
reflections within the domes will promote
the reuse of photons not initially absorbed
by the plants. Space proven Radioisotope
Thermoelectric Generators (RTGs)
delivered in Phase 1 will provide the

electrical power for the base and for foodgrowing temperature control. Efficient light
emitting diodes (LEDs) with selectable
wavelengths will provide the energy source
for the plants. Television monitoring of
growth progress will be relayed back to Earth
for evaluation and to make adjustments to
the cultivation process before the astronauts’
arrival. Communications back to Earth will
employ high gain base antennas and the Jet
Propulsion Laboratory’s Deep Space
Network (DSN) receiving antennas on
Earth. The uplink to the Mars Base will use
the same DSN antennas for transmissions
to Mars.
Manned landings in Phase 3 will follow
once the two unmanned phases are
determined to be successful. Outbound
manned trajectories from Earth will be
launched by conventional heavy-lift
propulsion stages after confirmation that
supplies and return propellant are available
on Mars. The in-situ strategy strongly
supports developing technology for long
term stays at manned base locations.
Exploiting our current chemical propulsion
technology combined with in-situ
processing provides the paradigm to move
forward finally with manned planetary
missions and to devote technical thinking
toward long visits and colonization of space.
The latter will become an eventuality as
Earth becomes unlivable.
Unmanned Mission Exploration
A parallel effort to the manned mission
activities will include unmanned spacecraft
missions to investigate beyond our solar
system. This means of discovering new
scientific data is a cost effective approach,
and serves as the precursor to creating new
knowledge, technologies and expanding our
industrial base. We will reach out into the
interstellar region, including newly
discovered exoplanets, with new classes of
unmanned spacecraft. Remote investigative
instruments on Exoplanet Explorer
Spacecraft and direct data gathering along
trajectories on Interstellar Explorer
Spacecraft are included. What could be more
scientifically rewarding than obtaining new
data allowing us to rewrite our understanding
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Exoplanet Explorer Spacecraft will use infrared spectroscopy to investigate exoplanet atmospheric constituents and search for primordial and
advanced atmospheres. (Source: Douglas Cali)
of planetary development and life-form
development?
Exoplanet Explorer Spacecraft
To realize the furthest distance possible,
answering “How far can we reach,” cooled
multispectral telescopes will be placed on
unmanned spacecraft at the unique L2
Lagrangian point. This location provides
shielding of the Sun’s heat by the Earth’s
disc, protecting the cryogenic telescope. An
advanced telescope on Exoplanet Explorer
Spacecraft using cooled infrared
spectroscopy will remotely study exoplanet
atmospheric constituents and provide
snapshots of exoplanets at various
evolutionary stages. Spectrometers will
search for primordial and advanced
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atmospheres along with biomarkers of
known life-forms and clues of
extremophiles beyond life-as-we-know-it.
Piecing together exoplanet evolutionary
samples will help us understand our own
evolutionary history.
Discovering exoplanets orbiting stars
adds to our sphere of exploration. In 1995,
ground based telescopes began discovering
exoplanets of Jupiter scale orbiting stars in
our galaxy. Techniques to discover smaller
Earth-size exoplanets became available
using a photometer in a telescope on the
Kepler spacecraft launched March 2009. An
exciting new scientific age began which
offered an opportunity to investigate Earthlike exoplanets and analyze their
atmospheres for signs of life-forms.

We proved the feasibility of identifying
planets containing life-forms using
atmosphere spectrum analysis. We
simulated looking back at Earth from space
and found clues of life from our
atmosphere’s spectrum during a lunar
eclipse by monitoring the Earth’s reflected
light from the Moon’s surface back to the
Earth. In addition, the Galileo Spacecraft
looked back at Earth from space, detecting
oxygen and the presence of methane in the
Earth’s spectrum. Theoretically, this
suggested biological activities and thus
confirmed a known positive for modeling.
The “Lally Life-Form Probability Index”
rating system studies how atmospheric
constituents chemically and physically
translate to biomarkers, creating models and
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spectrum templates to help with life-form
detection strategy. Exoplanet atmospheric
constituents and climatology will vary far
beyond our current understanding. Biology
can follow different paths and life-forms
unfamiliar to our Earth-centric biases may
have evolved under other circumstances.
Also critical is interpretation of exoplanet
spectra versus their location along a timeline of planet evolutionary stages.
A new class of spacecraft called
“Exoplanet Explorer Spacecraft” is
proposed to accomplish these advanced
investigations. As exoplanets are
discovered, our scientific curiosity will
move us to look closer and investigate their
probability of supporting life. Radio
astronomy techniques, as employed by the
Search for Extraterrestrial Intelligence
(SETI) program, will be directed at the
exoplanets. However, only technologically
advanced civilizations can be detected with
this approach, not pre-or post-life-form
epochs.
Spectroscopy is the tool for determining
constituents of atmospheres that can best
interpret the evolutionary timeline of lifeform progress. A Sun-like star is much larger
in size and brighter than any exoplanet,
making spectral analysis of the planet’s
atmosphere difficult. A halo effect
surrounding stars obscures exoplanets,
preventing spectral analysis of the light
output of their atmospheres.
Photometry and spectroscopy with high
sensitivity, spectral resolution and dynamic
range will be developed for this spacecraft
class. An approach using occulting masks
will enable observations of exoplanets in
habitable zones, blocking out the parent star
and the halo effect for direct viewing of
exoplanet atmospheres. A second approach
records the combined spectrum of the star
and exoplanet with gasses in its atmosphere,
altering the spectrum. After the exoplanet
orbits behind the star’s disc a second
spectrum of the star alone is recorded and
subtracted from the combined spectrum.
This process leaves the emission spectrum
of the exoplanet only. The atmosphere’s
chemistry is further analyzed for organic
molecule biomarkers, in order to investigate
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the potential presence of any level of lifeforms using the life-form probability index.
If advanced civilizations are present,
industrially created chemical markers will
be identified as pollution.
Exoplanet Explorer Spacecraft will cause
changes in a broad base of scientific
disciplines, much as the successful Hubble
Space telescope did. For example,
astrobiologists and anthropologists will be
able to remotely take their discipline into
deep space, beginning a new realm of
research.
Interstellar Explorer Spacecraft
Interstellar Explorer Spacecraft will
travel through the solar system and escape
into the interstellar zone. Lightweight and
efficient propulsion sources are key to rapid
transfer and low program cost. The proposed
spacecraft will employ two in-space
propulsion stages after Earth launch in order
to continually increase velocity during the
long term direct trajectory into the
interstellar medium. To move the mission
along after launch and produce more data
faster, time consuming planet fly-by gravity
assist maneuvers will not be considered.
Instead, trajectories will begin inward
toward the Sun so the first in-space
propulsion stage requiring energy from the
Sun will be optimized for early velocity
increase. The stage will provide long
duration continuous boost in velocity for the
outbound trajectory, reducing travel time to
escape the solar system.
Propulsion Space Stage One will consist
of electric propulsion with ion engines,
followed by Propulsion Space Stage Two
employing solar sails. Onboard instruments
will monitor physical proximity conditions
while passing through the solar system and
subsequently interstellar space. Visible and
infrared telescopes will investigate solar
system objects along the trajectory. After
reaching the interstellar zone, the spacecraft
will continue to gather proximity data and
autonomously select and view interstellar
objects.
Guidance, navigation and attitude control
will be performed onboard by an
autonomous real-time optical system. This

system was initially described in my 1961
paper, “Mosaic Guidance for Interplanetary
Travel.” Digital images of near and distant
celestial objects are processed to derive
spacecraft attitude and location in the solar
system (and later in interstellar space). This
optical guidance and digital photography
concept was eventually developed for
unmanned missions called AutoNav. It will
now control positioning of solar cell arrays
and solar sails throughout the mission, along
with real-time ion engine thrust vectoring
for Propulsion Space Stage One.
Communications functions during the
mission will use high gain spacecraft
antennas in conjunction with DSN’s
receiving and transmitting antennas.
Electric Propulsion
The two in-space propulsion stages,
electric and solar sail, will share large area
surfaces in common. Electric propulsion
applies itself to deep space missions where
a low continuous thrust over a long period
results in larger velocity gain while requiring
less propellant mass than chemical rockets.
This provides launch weight and program
cost savings. The low thrust levels make
electric propulsion only practical in the zero
gravity of space. It could not be considered
to lift rockets off the Earth, but in space
provides an efficient propulsion system.
Electric propulsion has proven successful
and reliable while controlling orbits of
communications satellites.
Electrical output from RTGs will supply
primary spacecraft electrical power
throughout the mission. RTGs have proven
extremely durable, with an expected
operating life of 50 years or longer when
fueled with Plutonium-238 isotope.
Americium-242 is a candidate for RTG fuel,
offering hundreds of years of operational
life. Solar electric power is available while
the Sun is close enough to supply a useful
level of power. It will be produced by large
area arrays of thin-film solar cells. The cells
will be deposited on lightweight metallic
foil or advanced polymer sheets.
The large-area, dual purpose surfaces
will be deployed out of the spacecraft bus
in a square-rigger configuration, with four
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Artist’s rendering of what human exploration of Mars might be like. (Source: NASA)
sections unfolded from each side of the bus
and each section unrolled. Attitude
orientation of the solar arrays will be
controlled by the AutoNav system in order
to receive maximum solar energy.
The output of the solar arrays will be
added to RTG electric power for additional
ion engine thrust. Xenon gas is injected into
the propulsion chambers of ion engines,
where it is heated by electrons and forms a
plasma. Advanced solar cells with solar
concentrators will be employed. A Fresnel
lens built into the thin film over each solar
cell will focus more light and increase
efficiency. The combined RTG and solar
electric energy will power electric thrusters
shortly after Earth launch. While thrust
levels of ion engines are low, their specific
impulse (a rating of propulsion system
efficiency) is high. This results in increased
velocity per unit mass of propellant when
compared to less efficient chemical rockets.
Solar Sails
The solar cell output deteriorates as the
spacecraft travels away from the Sun. The
same large areas of the solar cell arrays will
double as solar sails once their cell output
is functionally depleted. At a selected
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distance from the Sun when the solar cell
output becomes too low to be useful,
Propulsion Space Stage Two will take over.
The plane of the arrays will be positioned
to perform as solar sails. At this point the
electric thrusters, propellant tanks and
associated hardware will be jettisoned to
reduce spacecraft mass. The RTGs will
continue to supply power for spacecraft
housekeeping and communications.
Velocity increases will continue from the
solar sails, but with reduced thrust.
Propulsion Space Stage Two will use the
principle of solar sailing. There are two solar
forces to be considered: solar photonic
radiation pressure and solar wind. Neither
requires onboard fuel and are therefore
“free” sources for spacecraft velocity
increase. Radiation pressure from the Sun’s
emitted photons provides momentumproducing thrust when absorbed by solar sail
material. Twice the thrust is produced if a
reflective surface is struck by the photons.
Although solar wind looks impressive when
forcing tails of comets away from the Sun
and when knocking out power grids on
Earth, this pressure is three orders of
magnitude less than solar photonic radiation
pressure.

A solar sail therefore will be designed
with a reflective surface on the solar cell
arrays. This will take advantage of solar
photonic radiation pressure. While solar
sailing results in minute acceleration,
integrated over long time periods it adds
considerable velocity to the spacecraft
without requiring fuel. This stage will take
over as the spacecraft passes Jupiter’s orbit
and continues into the interstellar zone.
After leaving the solar system, a collection
of instruments will investigate the
unknowns of the interstellar zone. The suite
may include multispectral telescopes,
cosmic-ray spectrometers and instruments
to measure temperature, composition and
interstellar photon and wind.
How far can we reach, and how do we
get there? Our longstanding limitations in
heavy-lift launch vehicles and lack of
availability of more efficient propulsion
systems for manned planetary missions
must be overcome. Developing the in-situ
approach to provide essential materials for
the return trip from Mars answers “How do
we get there and back?” Our furthest reach
into interstellar space can be accomplished
with advanced multispectral telescopes on
unmanned Exoplanet Explorer and
Interstellar Explorer Spacecraft. Working
toward these challenging manned and
unmanned mission goals will renew our
sense of wonder and national pride for
which the space program is known.
Climbing the mountain “because it is there,”
we will discover new scientific data and
create new knowledge. This will broaden
our industrial and employment base and will
inspire higher purposes, in the great
American way.
As a pioneer in the space race, Eugene F.
Lally published initial design concepts of
spacecraft to explore the Moon, Mars,
Jupiter, Saturn, comets, and asteroids at
the Jet Propulsion Laboratory. He also
proposed manned Mars missions using
nuclear propulsion and artificial gravity,
along with the first use of a camera in the
digital domain for spacecraft navigation,
guidance, and general photography.
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Looking Back on Thirty Years of Small Body
Exploration
by Julie Bellerose

Hayabusa capsule re-entry over Australian desert on June
13, 2010 (Source: J. Bellerose)
In the past, small body exploratory science missions sent back images of a variety of asteroids and comets, expanding our understanding and awareness of the vast diversity of these objects in our solar system. On its way to Jupiter, the Galileo spacecraft imaged a binary
asteroid system: Ida and its moon Dactyl Mathilde was later imaged by the NEAR spacecraft before reaching its main target, theasteroid
Eros. Asteroids such as these are typically between 50 and 60 kilometers on their longest axis, and reside within the main-beltasteroid
population between Mars and Jupiter. Ida and Dactyl’s discovery showed scientists that asteroids can be “mini planetary systems,”
bringing questions about evolutionary processes within the small body population.

Binary asteroid Ida and Dactyl, imaged by Galileo on its way to Jupiter (Source: NASA)
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The asteroid Itokawa, target of the Japanese Hayabusa mission, is at the small end of the small body spectrum, measuring 535 meters
in length. Interestingly, these dimensional extremes yield very different surfaces. The surface of Itokawa was found to be made of small
boulders and centimeter-sized regolith, whereas the tens of kilometers sized asteroids showed a much smoother surface. Eros, measuring 34 by 11 kilometers, showed a much finer surface regolith compared to Itokawa. Although Ida and Mathilde images were taken from
a few thousands of kilometers away, the close-up images of Eros taken by NEAR confirmed these observations.
This past year has been rich in small body events. In June 2010, the Japan Aerospace Exploration Agency (JAXA) welcomed the
return of its Hayabusa spacecraft, which brought with it samples of the small asteroid, Itokawa. This small spacecraft coming back to
Earth was the culmination of a seven year mission, and was the first time that a spacecraft retrieved a sample from one of themillions
of asteroids that litter our solar system. In the Fall of 2011, we will again see the extreme spectrum as the Dawn spacecraft reaches the
asteroid Vesta, a 500 km asteroid of the main belt.

Asteroid Itokawa, target of the Hayabusa mission (Source: JAXA)

While asteroids have given us a great deal to think about, comet missions have returned incredible science as well. The first spacecraft
sent to a comet was ISEE3, a spacecraft originally sent to study the Sun at one of the Sun-Earth Lagrangian points (informallycalled
L1). The spacecraft was subsequently renamed ICE for the comet flyby. It reached comet 21P/Giacobini-Zinner in 1985, where instruments
onboard gathered images of a comet nucleus for the first time. It then followed with a flyby of 1P/Halley in 1986, joining other
spacecraft from Europe, the former Soviet Union, and Japan. It was the first space campaign with such widespread international
participation, and it helped pave the way for the next: the construction of the International Space Station.
Deep Impact was the first to perform a crater experiment by releasing an impact probe as it flew by Tempel 1. A couple of years after,
the Stardust spacecraft was able to gather samples of the comet’s material and interstellar dust in aerogel, a silicon-based solid that is
over 99% empty space, by volume. Stardust then continued its route to eventually re-visit and image the fresh crater made by the Deep
Impact mission on Tempel 1. In the six months following Hayabusa’s return, we have seen two new comets from extended mission
operations of Deep Impact and Stardust; namely, Hartley 2 and Tempel 1 (again). Although it was suspected from telescopic observation,
these missions proved that the fuzzy haze around comets was a gaseous cloud rich in ice. There is still much to learn; the surfaces were
found to look highly altered, showing strikes of fresh, smooth-looking material surrounded by spotted depression regions. We still have
little information on how exactly these bodies were formed to show such features.
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Comet Hartley 2, observed by the Deep Impact extended mission, renamed EPOXI,
in November 2010 (Source: NASA)
The interest in and awareness of small bodies has greatly increased due to these thirty years of scientific returns. The objectives of
upcoming missions are to perform interior or sub-surface science, make thermal measurements for validating solar radiation influence,
and investigate surface properties such as electrostatic and other surface levitation or cohesion phenomena. With the evolution of small
body missions, we have seen an increase in Earth observation programs to better map the sky. The number of catalogued asteroids has
jumped from about 9000 in 1980 to more than 500,000 currently.
Awareness of what’s out there has also fueled planetary defense efforts. We have remnants of some previous impacts on Earth, as
evidenced by large craters. How do we protect ourselves against these impacts? Can we prevent one of these objects from slamming into
us? Over the past ten years, a series of conferences and competitions have made possible the development of asteroid deflection
concepts. Planetary defense workshops have helped scientists and policy makers to discuss, while institutions such as the Advanced
Concept Team of the European Space Agency, the Planetary Society, and the Space Generation Advisory Council have spurred improved
astrodynamics tools and technologies though prizes and challenges. Concepts cover both realism and fiction, including using explosives
such as a nuclear standoff detonation, an impactor, a spacecraft mass as gravity tractor or a tether to slowly pull the asteroid, a solar
concentrator to ablate the surface, altered surface reflective properties, and many others concepts. This year’s IAA PlanetaryDefense
Conference will be the next major rendezvous point of experts in the field.
In recent years, manned missions to near-Earth asteroids and to the moons of Mars have become one of the hot topics of space talks.
Beside science fiction novels, the idea to send astronauts to near-Earth asteroids started in the 1970’s, when suggestions weremade to
reach Eros as a stepping stone to Mars. The same questions seem to always come back: How can we increase our presence in space?
What is the next step for reaching Mars? How do we solve the medical and psychological aspects of long travels? How do we insure the
survival of the human race? Sending astronauts to some of the small asteroids coming close to Earth seems to be the logical next step in
increasing our space travel capabilities. Publications from multiple sources now discuss the feasibility, technical details, and risks of
such an endeavor, using existing spacecraft such as Orion, or new designs.
As for what’s next, exciting opportunities are coming. After Dawn’s rendezvous at Vesta, it will continue to Ceres, the largest minor
body of our system. The ESA Rosetta mission will also reach its target in 2014, comet 67P/Churyumov-Gerasimenko. The follow-on
mission to the Japanese Hayabusa mission, Hayabusa 2, is now on track to launch in 2014, reaching a primitive asteroid by 2018. The
next opportunities in the United States may come out of the recent Discovery and New Frontiers proposals, awaiting selection asof this
writing. Hopefully, we will see the first U.S. sample return mission within this decade, and, hopefully, we will even send manned
missions to these exciting destinations.
Dr. Julie Bellerose is currently a research scientist at Carnegie Mellon University Silicon Valley, collaborating with the science
teams of small body mission concepts under development at NASA Ames. She obtained her Ph.D. at the University of Michigan,
studying the dynamics of binary asteroid systems and spacecraft applications. She then pursued a Postdoctoral Fellowship at
the Japan Aerospace Exploration Agency (JAXA) on the Hayabusa follow-on missions.
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OPINION

The James Webb Space Telescope – It’s
Complicated, but so is Leadership
by Matt Mountain
The recent release of NASA’s Independent Comprehensive Review Panel report
(the Casani report) on the James Webb
Space Telescope (JWST) has understandably caused consternation within the community, and some of our colleagues’ sound-

bite quotes decrying the state of space astrophysics were quickly circulated in the
press and on the Internet. As the dust has
settled, it’s important to step back for a
moment to reflect on why we want to build
such an audacious telescope. The words of

Debra Elmegreen, the 43rd President of the
American Astronomical Society, bear repeating. In a recent article in Space News,
Elmegreen stated, “We all need to recognize that JWST and the initial $5 billion
investment cannot be allowed to fail, since

A full-scale model of the James Webb Space Telescope, as photographed in Munich, Germany, was built by the prime contractor, Northrop
Grumman, to provide a better understanding of the size, scale and complexity of this satellite. The model is constructed mainly of aluminum and
steel, weighs 12,000 lb., and is approximately 80 feet long, 40 feet wide and 40 feet tall. The model requires 2 trucks to ship it and assembly takes
a crew of 12 approximately four days. This model has travelled to a few sites since 2005. The photographs below were taken at some of its
destinations. (Source: EADS Astrium/NASA)
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so much of future astrophysics research was
built upon the foundation it was to provide
– as the Casani report concludes, ‘JWST will
play a key role in understanding how and
when the first galaxies were born, characterizing the planets that are now being discovered around nearby stars, in providing
further insights into the nature of the dark
energy and dark matter, and into how stars
and planetary systems are born. There is no
easy path to understanding such complex
scientific questions. To do these things at
the level needed to advance scientific understanding requires a complex telescope
with truly unique capabilities. JWST is that
telescope.’” (Space News, “American
Leadership in Astrophysics at Risk,” 22
November 2010.)
I came to the Space Telescope Science
Institute because of JWST. Even though I
helped to build two large ground-based telescopes, I recognized that there are astronomical observations we struggle to make
from the ground. For example, even with
8-m or 10-m telescopes, it is next to impossible to take the spectra of high-redshift
galaxies to understand the star-formation
processes a billion years after the Big Bang.
The same is true when trying to measure
distant (z > 1) supernovae to try and unravel dark energy – it’s a very difficult measurement from the ground. Mapping dust
emission to uncover telltale trails of young
planetary systems is also proving to be difficult, even in the closest systems.
My colleagues who built the Hubble and
Spitzer space telescopes similarly realized
that to take the next steps in exploring the
Universe would require a bigger space telescope. There is no mystery why: observational astrophysics is a photon-limited field,
and once you have near perfect detectors
(as we do), our only free parameters are either to spend millions of seconds on every
observation or to increase the aperture of
the telescope. A large-aperture space telescope combined with the low backgrounds
found at L2 was the basic design rationale
for JWST, and the broad science this telescope enables was compelling enough to
make it the highest-priority large space mission of the 2000 Decadal Survey on As-
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Comparison of Hubble and Webb primary mirrors. (Source: NASA)
tronomy and Astrophysics.
A decade later, even as our scientific
expectations have evolved since the original science case was written (as the Casani
report itself notes) JWST remains the most
scientifically powerful telescope NASA,
ESA and CSA will ever have built: “the next
Great Observatory to replace the Hubble
Space Telescope.” A decade ago, we were
just coming to terms with the possibility of
dark energy. With JWST, we will reach back
to the beginning of time to detect very early
supernovae and break the possible degeneracy between supernova evolution and dark
energy. A decade ago, we had not yet begun
to measure the constituents of exoplanetary
atmospheres with transit spectroscopy using Hubble and Spitzer. With JWST, we will
use the same technique; as the recent 2010
Decadal Survey (New Worlds, New Horizons in Astronomy and Astrophysics;
NWNH) recognized, JWST will be “a premier tool for studying planets orbiting stars
that are smaller and cooler than the Sun.”
The goal of detecting liquid water on a
planet close to the size of Earth, in the habitable zone around another star, may be
within the reach of JWST. As NWNH notes,
with JWST “the era of study of … cousins

of the Earth … is underway.”
And this does not include the great unknown territory that will be uncovered when
we fly a telescope 100 times more sensitive than Hubble, almost 1000 times more
sensitive than Spitzer. Imagine the creative
energy unleashed by the roughly 8,000 astronomers who currently use Hubble and
Spitzer. According to a white paper submitted to NWNH (Sembach, et al., 2009), over
the period 2005–2007, the Spitzer and
Hubble programs alone generated over
$130M in General Observer grants, and this
community published over 3,000 papers
based on Hubble and Spitzer data. JWST is
the next Hubble, the next Spitzer – that’s
why we are building this ambitious telescope.
It is true that JWST has confronted us
with some seriously tough technological
challenges: how to build a telescope 65%
the size of the W. M. Keck telescope, but
reduce its mass by almost two orders of
magnitude compared to a ground-based telescope; how to find a way to package it so it
could be launched on an Ariane 5 rocket and
deployed a million miles from Earth; and
how to operate it at 40K. It’s been very hard
to manufacture 18 beryllium mirrors that can
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Fully functional, 1/6th scale model of the JWST mirror in optics testbed. (Source: NASA)
hold their figures to better than 20 nanometers at cryogenic temperatures, or build a
deployable gossamer-like sunshield the size
of a tennis court. But we have. The Casani
report recognized these technological
achievements: “a substantial amount of cutting-edge hardware has been delivered and
is now being tested as part of the first steps
toward the overall integration and test of the
Observatory.” We are not looking at a trail
of technological failures or wasted resources. In fact, what we see is a series of
“solved problems” on the complex and difficult journey to build the most powerful
space telescope launched by any space-faring nation.
A few weeks ago, The New York Times
ran an obituary of Joseph Gavin, who designed and built the lunar lander. It drew
me back to an earlier era, where doing difficult things in space defined a nation and a
generation. The Times quoted Gavin as saying, “If a project is truly innovative, you
cannot possibly know its exact cost and exact schedule at the beginning … and if you
do know the exact cost and the exact schedule, chances are that the technology is obsolete.” The Casani report echoed these
words: “from 2002 to 2008, JWST struggled
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with several cutting-edge developments.
These developments took longer and consequently cost more than forecast.”
Let us remind ourselves it was very hard
to build the Hubble Space Telescope. But
we did. Today Hubble supports thousands
of astronomers worldwide, and continues to
inspire the public and a new generation of
school children with its images of breathtaking beauty.
Now we are again struggling with the
consequences of doing something no one
has done before. Those of us who have built
machines like large telescopes have experienced the myriad ways that unpredictable
problems emerge from new technologies,
challenging engineering, and the complicated logistics of putting complex things
together.
The JWST project needs to do better, and
the Casani report articulates what needs to
be changed. NASA and the Project Team
have committed to learning these lessons
and regaining the trust of both those who
have advocated for JWST and the taxpayers
who have funded JWST. But I don’t see an
astronomers’ hurricane, leaving devastation
in its wake. I see committed engineers and
scientists strug-gling to work at the edge of

the impossible. I see a community willing
to take risks on behalf of science, so we can
extend the scientific frontiers and do things
no one has done before. I see that building
a state-of-the-art machine for science is in
the end an inherently complex and tremendously imperfect human endeavor. The
cover letter to the Casani report on why
JWST should go forward concluded with a
famous quote from the dawn of the Space
Age, “… we do these things and others, not
because they easy, but because they are
hard.” To finish President John F.
Kennedy’s quote: “… because that goal will
serve to organize and measure the best of
our energies and skills; because that challenge is one that we are willing to accept,
one we are unwilling to postpone.”
In the end, someone has to provide “the
next Hubble” to the next generation. If it’s
not us, then who?

This article originally appeared in the
Space Telescope Science Institute’s Winter 2011 newsletter, Volume 28, Issue 01.
The author may be contacted via email
(mmountain@stsci.edu).
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AAS Fellow
nominations is
June 14.
Deadline for 2011
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nominations is
July 30.
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for details and
past recipients.
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UPCOMING EVENTS

AAS Events Schedule

AAS Corporate Members

June 10-12, 2011
Student CanSat Competition
Abilene, Texas
www.cansatcompetition.com

Aerojet
The Aerospace Corporation
Air Force Institute of Technology
a.i. solutions, inc.
Analytical Graphics, Inc.
Applied Defense Solutions, Inc.
Arianespace
Auburn University
Ball Aerospace & Technologies Corp.
The Boeing Company
Braxton Technologies, Inc.
CSC
Edge Space Systems, Inc.
Embry-Riddle Aeronautical University
Honeywell Technology Solutions, Inc.
International Space University
Jet Propulsion Laboratory
JHU / Applied Physics Laboratory
KinetX, Inc.
Lockheed Martin Corporation
National Institute of Aerospace
Noblis
Northrop Grumman
Orbital Sciences Corporation
Paragon Space Development Corporation
The Pennsylvania State University
Phillips & Company
Research Support Instruments
RWI International Consulting Services
SAIC
Space Dynamics Lab / Utah State University
The Tauri Group
Technica, Inc.
Texas A&M University
United Launch Alliance
Univelt, Inc.
Universal Space Network
Universities Space Research Association
University of Alabama in Huntsville
University of Florida
University of Texas at Austin
Women in Aerospace

July 31-August 4, 2011
*AAS/AIAA Astrodynamics Specialist Conference
Alyeska Resort
Girdwood, Alaska
www.space-flight.org
October 3-7, 2011
International Astronautical Congress
Cape Town International Convention Centre
Cape Town, South Africa
www.iac2011.com
October 25-26, 2011
4th Wernher von Braun Memorial Symposium
The University of Alabama in Huntsville
Huntsville, Alabama
www.astronautical.org
November 15-16, 2011
AAS National Conference
Gilruth Center at NASA Johnson Space Center
Houston, Texas
www.astronautical.org
January 29-February 2, 2012
*AAS/AIAA Space Flight Mechanics Winter Meeting
Francis Marion Hotel
Charleston, South Carolina
www.space-flight.org
February 3-8, 2012
AAS Guidance and Control Conference
Beaver Run Resort
Breckenridge, Colorado
www.aas-rocky-mountain-section.org
*AAS Cosponsored Meetings

Renew your membership
online at
www.astronautical.org
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CALL FOR PAPERS

ABSTRACT DEADLINE: October 3, 2011

CALL FOR PAPERS
22nd AAS/AIAA Space Flight Mechanics Meeting
Francis Marion Hotel
Charleston, South Carolina
January 29 - February 2, 2012
The 22nd Space Flight Mechanics Meeting will be held January 29-February 2, 2012, at the Franics Marion Hotel in Charleston, South
Carolina. The conference is organized by the American Astronautical Society (AAS) Space Flight Mechanics Committee and cosponsored by the American Institute of Aeronautics and Astronautics (AIAA) Astrodynamics Technical Committee. Manuscripts are
solicited on topics related to space flight mechanics and astrodynamics, including but not limited to:
• Asteroid and non-Earth orbiting missions
• 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)
• 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 conference working language.
SPECIAL SESSIONS
Proposals are being considered for suitable special sessions, such as
topical panel discussions, invited sessions, workshops, minisymposia, 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 the 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.
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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 papers at this conference. Students wishing to apply for this award
are strongly advised to submit their completed paper by the abstract submittal deadline. The maximum coverage per student is limited
to $1000. Details and applications may be obtained via http://www.space-flight.org.
INFORMATION FOR AUTHORS
Because the submission deadline of October 3, 2011 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
November 14, 2011. 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 andsupporting
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 byemail 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 papers should be addressed to the Technical Chairs.
AAS Technical Chair
Mr. James McAdams
Johns Hopkins University Applied Physics Laboratory
11100 Johns Hopkins Road
Laurel, MD 20723-6099
240-228-8685 (voice)
Jim.McAdams@jhuapl.edu

AIAA Technical Chair
Mr. David McKinley
a.i. solutions, Inc.
10001 Derekwood Lane, Suite 215
Lanham, MD 20706
410-980-2904 (voice)
david.mckinley@ai-solutions.com

All other questions should be directed to the General Chairs.
AAS General Chair
Dr. Matthew Berry
Analytical Graphics, Inc.
220 Valley Creek Boulevard
Exton, PA 19341
610-981-8213 (voice)
mberry@agi.com
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AIAA General Chair
Mr. Keith L. Jenkins, Esq.
Keith L. Jenkins, Registered Patent Attorney, LLC
44075 W. Neely Drive
Maricopa, AZ 85138
480-390-6179 (voice)
keith@jenkinspatentlaw.com
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Join the 2nd USA Science & Engineering Festival – Get Involved Now!
Building on the success of the inaugural Festival in 2010, the 2nd USA Science & Engineering Festival will inspire the next generation
of scientists and engineers with school programs and nationwide contests throughout the 2011/2012 school year and culminate with the
finale Expo in Washington DC on April 27-29, 2012. The Finale Expo will take place at the Walter E. Washington Convention Center
in Washington, DC.
With nearly one million participants, the inaugural USA Science & Engineering Festival
was the country’s first national science festival - the ultimate multi-cultural, multi-generational
and multi-disciplinary celebration of science and engineering in the United States. The monthlong Festival, which brought over 100 leading scientists and 25 Nobel Laureates into underserved
schools, culminated in a two day Expo on the National Mall that gave over 550 of the nation’s
leading science & engineering organizations the opportunity to present themselves with over
1,500 hands-on, fun science activities and 75 stage shows to inspire the next generation of
scientists and engineers. The Expo featured science celebrities such as Bill Nye the Science
Guy, Kari Byron, Jamie Hyneman and Adam Savage from the Mythbusters, the Meteorite Men, Erno Rubik, the Biggest Loser, Sid the
Science Kid, cast members of NCIS and CSI, and others. In addition, there were 82 Satellite Events that took place simultaneously in
30 States.
Apply to Host an Exhibit or Perform at the Finale Expo, Participate in the New STEM Career Pavilion or New
Festival Book Fair!

We are looking for exhibitors and performers who can present valid science and engineering principles in a novel,
fun, educational, engaging, captivating and hands-on interactive format. While people of all ages will attend the
Finale Expo, the activity or performance should be geared towards a 12th grade science understanding or below.
We’re also seeking scientists, engineers, companies, STEM organizations, universities, colleges and other
organizations to be part of the first STEM Career Pavilion at the Festival’s Expo Finale. The Pavilion will give
students a chance to explore tomorrow’s hot careers in renewable energy, robotics, space tourism, nanotechnology,
virtual reality, clean technology, genetics and education.
Science and engineering authors, publishers, independent booksellers - apply to host a book exhibit at the premiere USA Science and
Engineering Festival Book Fair. Or submit your book and become a featured speaker! Green Technology, Physics Discoveries, Novel
Number Theories, Science Fiction - we are looking for books which make scientific principles interesting and relevant to everyday life,
and make science fun and accessible to the general public.
Apply to Host a Pre-Expo Festival Event or Apply to Host a Satellite Event

We are now accepting proposals for events to be held during April 2012 in the one month period leading up to the finale Expo. The ideal
Festival Event is fun and engaging, with the science or engineering component incorporated in a clever or unusual way. Whether you are
planning a workshop, family activity, scavenger hunt, open house, panel discussion, reading, movie screening, performance, or whatever
else you want to do, pre-Expo Festival Events are a great opportunity to show people of all ages and backgrounds how fascinating
science and engineering can be.
Not in the Greater Washington, DC area? Host a Satellite Event and get on our National Map! Our goal is to have hundreds of Satellite
Events throughout the country, anchored to the 2nd USA Science & Engineering Festival Finale Expo on April 27-29, 2012. You can
make it as small or as big as you want. It can be a single activity put on by your student club, a small celebration at your school or
company, a larger event that involves organizations from your community, or a full-fledged Festival modeled after the USA Science &
Engineering Festival. It’s a great way to get your community excited about science, and to put your organization on the national map.
To learn more about these programs and other ways to get involved in the Festival, please visit our website at
www.usasciencefestival.org
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NOTES ON A NEW BOOK

Blogging the Moon: The Once and Future Moon
Collection
Reviewed by Matt Bille
Blogging the Moon: The Once and Future
Moon Collection by Paul Spudis. Apogee
Prime, 2011.
This book offers one expert’s unique
examination of the place our natural satellite
holds in science and space exploration.
According to Paul Spudis, the Moon
deserves more emphasis than it gets,
especially as a stopover for human efforts
to explore the solar system. Dr. Spudis is a
geologist and a Senior Staff Scientist at the
NASA-funded Lunar and Planetary
Institute. He writes a blog on the Air &
Space magazine site called The Once and
Future Moon. Blogging the Moon includes
essays from the blog plus a Preface and a
“Bonus Chapter” discussing “The New
Space Race.”
Spudis has been on the science team for
experiments on the Clementine lunar probe
and the Lunar Reconnaissance Orbiter, in
addition to directing the NASA Mini-SAR
(Synthetic Aperture Radar) experiment on
India’s Chandrayaan-1 mission. His blog
began in 2008 with his observations from
India as Chandrayaan was launched. This
book includes his online essays through
mid-2010. This period saw important events
in robotic exploration, as well as the death
of the Constellation program and Vision for
Space Exploration.
Spudis provides a great deal of
information on lunar geology and related
scientific topics, written in a style nonspecialists will understand. Links and
references are provided for each essay.
This book’s unique feature is that each
essay comes with comments (sometimes
several pages of them) posted to the blog.
Commenters include everyone from wellestablished space scientists and engineers
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to everyday citizens, and even one wellknown crank.
Spudis includes many views dissenting
from his own, although he does not allow
them to go unchallenged. To one person who
writes that lunar resources don’t appear very
useful, he emphatically responds, “Wrong,
on just about every one of your points.”
Spudis also has strong views about the
space program in general. He argues the
replacement of the Vision for Space
Exploration with the Flexible Path “to
nowhere” was a bad move. He believes the
Moon is a natural steppingstone, the place
where we will learn to live, use in-situ
resources, and develop permanent
settlements. These skills can then be
exported to Mars and beyond.
Spudis takes no prisoners in his analysis
of American space exploration. NASA, he
writes, “has become a feel-good
bureaucracy, stuck on the idea of doing oneoff stunts in space for public approval.” He

feels politicians see the agency as a jobs
program which can be left without firm goals
or adequate resources. Spudis argues that,
even before the VSE was canceled, NASA
had eviscerated it by removing precursor
robotic missions and narrowing the focus
of human Moon exploration from
developing and living off lunar resources to
short visits. To him, “Apollo on steroids”
is not a complimentary term. Spudis
acknowledges that no one knows how
practical lunar resource utilization is, but
finds it inexcusable that we have no concrete
plans for finding out.
A word needs to be said on the book
itself. The tiny type is hard to read, and
comments appear in black type on a gray
background. Longtime space aficionados
will have flashbacks to OMNI magazine.
The publication earns kudos for including a
DVD with a great deal of information
regarding lunar science and exploration.
Spudis sums up his philosophy by stating
“… humans must learn to use what we find
in space to create new spacefaring
capabilities, starting on the Moon.” Whether
you agree or disagree with his approach, this
book offers a mixture of hard data and firm
conviction. This combination will leave
readers better informed about the choices
ahead of us.
You can read the blog at http://
blogs.airspacemag.com/moon/
Matt Bille is a freelance science writer
and space historian in Colorado Springs,
Colorado. He serves on the History
Committee of the AAS and is a frequent
contributor to publications including
QUEST and SPACE TIMES.
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13th International Space Conference of Pacific-basin Societies
(ISCOPS)
Kyoto, Japan
May 15-18, 2012
Deadline for Abstracts: December 8, 2011
- Full details in the July/August issue of SPACE TIMES -
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