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NASA selfie during Earth Day 2014

NASA Astronaut John Mace Grunsfeld takes a quick selfie with astronauts at the International Space Station at
the NASA sponsored Earth Day event April 22, 2014 at Union Station in Washington, DC. NASA announced the
“Global Selfie” event as part of its “Earth Right Now” campaign, celebrating the launch of five Earth-observing
missions in 2014. On May 22, NASA released the 3.2-billion-pixel sized NASA Earth Day Global Selfie 2014 photo
mosaic. The image is comprised of more than 36,000 individual photos submitted by people around the world.

To view the entire mosaic and related images and videos, please visit: http://go.nasa.gov/1n4y8gp.
Credit: NASA/Aubrey Gemignani
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‘Smoke and fire’ rise over Utah Salt Flats
as student rockets soar in NASA challenge

The 2013-14 NASA Student Launch rocketry chal-
lenge has come to an end -- and brought something
new to the Bonneville Salt Flats in Tooele County, Utah,
where car and motorcycle enthusiasts regularly watch
cutting-edge vehicles put to the test, speeding across
the vast, flat expanse.

On May 17, all eyes there turned upward as 16 stu-
dent-built rockets, ranging in size from 7-1/2 feet to 15
feet, soared high into the cloudless blue. Each sophis-
ticated machine carried three working science or en-
gineering payloads. Some roared to altitudes of nearly
20,000 feet. Each successful parachute deployment
and vehicle touchdown on the white hardpan was
meft with cheers and applause from the crowd -- which
included approximately 250 students from 15 states
and some 500 spectators.

The social media audience, watching live coverage
on NASA Television and USfream and following real-
time updates on Twitter, was equally jovial. One proud

Credit: ATK/Justin Loeloff

father, whose son was part of the team from Missis-
sippi State University in Starkville, summed up the day's
launches on the NASA Student Launch Facebook
page: “This is awesome!”

This was the first year the challenge was held at the
Utah site. It is organized annually by NASA's Marshall
Space Flight Center in Huntsville, Alabama, and spon-
sored by ATK Aerospace Group of Magna, Utah.

Teams designed and built their rockets and experi-
ments beginning in the fall of 2013. They maintained
websites to document their experience and visited el-
ementary and middle schools in their communities to
inspire younger students to pursue the study of techni-
cal subjects crifical to the work of NASA and the nation.

For more information, including a complete list of
participating schools, visit: www.nasa.gov/audience/
forstudents/studentlaunch

Archived launch-day coverage is available af: www.
ustream.tv/nasahdtv

Credit: NASA
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THE SUN'S CLOSEST NEIGHBORS
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This diagram illustrates the locations of the star systems

closest to the sun.

Credit: NASA/Penn State University

This artist's conception shows the object named WISE J085510.83-071442.5, the coldest known brown dwarf. It is as cold as the North Pole. This celestial orb is
also the fourth closest to our sun, at 7.2 light-years from Earth.

Coldest brown dwarf found nearby

NASA's Wide-field Infrared Survey
Explorer (WISE) and Spitzer Space
Telescope have discovered what
appears to be the coldest brown
dwarf known- a dim, star-like body
that surprisingly is as frosty as Earth’s
North Pole.

Images from the space tele-
scopes also pinpointed the object’s
distance to 7.2 light-years away,
earning it the title for fourth closest
system to our sun. The closest sys-
tem, a trio of stars, is Aloha Centau-
ri, at about 4 light-years away.

“It's very exciting to discover a
new neighbor of our solar system
that is so close,” said Kevin Luh-
man, an asfronomer at Pennsyl-
vania State University’'s Center for
Exoplanets and Habitable Worlds,
University Park. “And given its ex-
tfreme temperature, it should tell
us a lot about the atmospheres of
planets, which often have similarly
cold temperatures.”

Brown dwarfs start their lives like
stars, as collapsing balls of gas, but
they lack the mass to burn nucle-
ar fuel and radiate starlight. The
newfound coldest brown dwarf is

named WISE J085510.83-071442.5.
It has a chilly temperature between
minus 54 and 9 degrees Fahren-
heit (minus 48 to minus 13 degrees
Celsius). Previous record holders for
coldest brown dwarfs, also found
by WISE and Spitzer, were about
room temperature.

WISE was able to spot the rare ob-
ject because it surveyed the entire
sky twice in infrared light, observing
some areas up to three times. Cool
objects like brown dwarfs can be in-
visible when viewed by visible-light
telescopes, but their thermal glow
— even if feeble - stands out in in-
frared light. In addition, the closer a
body, the more it appears to move
in images taken months apart. Air-
planes are a good example of this
effect: a closer, low-flying plane will
appear to ly overhead more rap-
idly than a high-flying one.

“This object appeared to move
really fast in the WISE data,” said
Luhman. “That told us it was some-
thing special.”

Combined detections from WISE
and Spitzer, taken from different
positions around the sun, enabled

Credit: NASA/JPL-Caltech/Penn State University

the measurement of ifs distance
through the parallax effect. This is
the same principle that explains
why your finger, when held out right
in front of you, appears to jump from
side to side when you alternate left-
and right-eye views.

“It is remarkable that even af-
ter many decades of studying the
sky, we sfill do not have a com-
plete inventory of the sun’s nearest
neighbors,” said Michael Werner,
the project scientist for Spitzer at
NASA's Jet Propulsion Laboratory
in Pasadena, Calif. “This exciting
new result demonstrates the power
of exploring the universe using new
tools, such as the infrared eyes of
WISE and Spitzer.”

WISE J085510.83-071442.5 is esti-
mated to be 3 to 10 times the mass
of Jupiter. With such a low mass, it
could be a gas giant similar to Ju-
piter that was ejected from its star
system. But scientists estimate it is
probably a brown dwarf rather
than a planet since brown dwarfs
are known to be fairly common.
If so, it is one of the least massive
brown dwarfs known.

www.RocketSTEM .org
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Artist’s impression of Venus Express orbiting Venus. Credit: ESA

After eight years in orbit, ESA’s Ve-
nus Express has completed routine
science observations and is pre-
paring for a daring plunge into the
planet’s hostile atmosphere.

Venus Express was launched on a
Soyuz-Fregat from the Russian Bai-
konur Cosmodrome in Kazakhstan
on 9 November 2005, and arrived
af Venus on 11 April 2006.

It has been orbiting Venus in an
elliptical 24-hour loop that takes it
from a distant 66 000 km over the
south pole - affording incredible
global views - to an altitude of
around 250 km above the surface
at the north pole, close to the top of
the planet’'s atmosphere.

With a suite of seven instruments,
the spacecraft has provided a
comprehensive study of the iono-
sphere, atmosphere and surface of
Venus.

“Venus Express has taught us just
how variable the planet is on all tim-
escales and, furthermore, has given
us clues as to how it might have
changed since its formation 4.6 bil-

lion years ago,” says Hakan Sved-
hem, ESA’s project scientist.

“This information is helping us de-
cipher how Earth and Venus came
to lead such dramatically different
lives, but we've also noticed that
there are some fundamental simi-
larities.”

Separated at birth?

Venus has a surface temperature
of over 450°C, far hotter than a nor-
mal kitchen oven, and an extreme-
ly dense, choking mixture of noxious
gases for an atmosphere. But from
the mission’s infrared survey of the
chemical composition of the rocky
surface, we have learned that Ve-
nus might have once had a plate
tectonics system like Earth, and
even an ocean of water.

Just like Earth, Venus is losing parts
of its upper atmosphere to space
and Venus Express measured ftwice
as many hydrogen atoms escaping
out of the atmosphere than oxy-
gen. Because water is made of two
hydrogen atoms and one oxygen

atom, the observed escape indi-
cates that water is being broken up
in the atmosphere.

Today, the total amount of wa-
ter on Earth is 100 000 times that on
Venus. But because the two plan-
ets are about the same size and
formed at the same time, both may
have had similar amounts of the
precious liquid in their early years.

Meanwhile, the spacecraft’s
cameras have tracked thousands
of features in the cloud fops some
70 km above the planet’s surface,
including an enormous swirling vor-
tex at the planet’s south pole that
shares similarities with hurricanes on
Earth. The spacecraft also recorded
bursts of lightning - identified by
their electromagnetic signature -
generated in clouds of sulphuric
acid.

Studies of the planet's ‘super-
rotating’ atmosphere - it whips
around the planet in just four Earth-
days, much faster than the 243 days
the planet takes to complete one
rotation about its axis — also turned

oy
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up some infriguing surprises. In one
study, average wind speeds were
found fo have increased from
roughly 300 km/h to 400 km/h over
a period of six Earth years.

Conversely, a separate study
found that the rotation of the plan-
et had slowed by 6.5 minutes since
NASA's Magellan, which complet-
ed ifs 5-year mission af Venus 20
years ago, measured it.

However, it remains unknown if
there is a relationship between the
increasing wind speeds and the
slowing rotation.

Magellan’s radar survey of the
planet revealed that its surface
was heavily altered in the past by
a large number of volcanoes. But
Venus Express has provided fanto-
lising hints that the planet may well
be sfill geologically active today.
One study found numerous lava
flows that must have been created
no more than 2.5 million years ago,
just yesterday on geological fimes-
cales, and perhaps much more re-
cently.

Indeed, measurements of sulphur
dioxide in the upper atmosphere
have shown large variations over
the course of the mission. Although
peculiarifies in the atmospheric cir-
culation may produce a similar re-
sult, it is the most convincing argu-
ment to date of present-day active
volcanism.

Final swansong

Now, after eight years in or-
bit, the fuel supplies necessary to

i,

maintain the elliptical orbit are
running low and will soon be ex-
hausted. Thus, routine science op-
erafions concluded this week, and
the spacecraft is being prepared
for one final mission: to make a
confrolled plunge deeper into the
atmosphere than ever before at-
fempted.

“We have performed previous
short ‘aerodrag’ campaigns where
we've skimmed the thin upper lay-
ers of the atmosphere at about
165 km, but we want to go deeper,
perhaps as deep as 130 km, may-
be even lower,” says Patrick Martin,
Venus Express mission manager.

“It is only by carrying out daring
operations like these that we can
gain new insights, not only about
usually inaccessible regions of the
planet’'s atmosphere, but also how
the spacecraft and its components
respond fo such a hostile environ-
ment.”

This ‘experimental aerobraking’
phase is planned for 18 June — 11

Visualisation of Venus Express during the aerobraking manoeuvre, which will see the spacecraft orbiting

Venus at an reduced altitude of around |30 km from |8 June to || July.

Credit: ESA—C. Carreau

This global view of the southern hemisphere of Venus
is a mosaic of images obtained by Venus Express.
The night-side hemisphere (in red at the top) shows
the lower layers of the cloud deck surrounding the
planet at about 45-km altitude. The day-side hemi-
sphere (in blue at the bottom) is made of ultraviolet
images showing the cloud top layer at about 65-km
altitude. The red part of the central panel shows the
double vortex at the south pole, at an altitude of
about 60 km, surrounded by a collar of ‘cold’ air.
Credit: ESA/VIRTIS-VenusX IASF-INAF,
Observatoire de Paris (R.Hueso, Univ. Bilbao)

July, during which fime some Iim-
ited science measurements with
the spacecraft's magneftic field,
solar wind and atom analysing in-
sfruments will be possible. Also,
temperature and pressure sensors
will record the conditions that the
spacecraft is experiencing.

“The campaign also provides the
opportunity to develop and prac-
tise the crifical operations tech-
niqgues required for aerobraking, an
experience that will be precious for
the preparation of future planetary
missions that may require it opera-
tionally,” says Paolo Ferri, head of
mission operations.

Aerobraking can be used as a
way of getting into orbit around
planets without having to carry
quite so much fuel, thus reducing
the launch mass.

It is possible that the remaining
fuel in Venus Express will be ex-
hausted during this phase or that
the spacecraft does not survive
these risky operations. But if the
spacecraft is still healthy after-
wards, its orbit will be raised again
and limited operations will con-
finue for several more months, fuel
permitting.

However, by the end of the year,
it is likely that Venus Express will have
made its final descent info the at-
mosphere of the planet, bringing a
fantastic scientific endeavour to an
end.

“Venus Express has penetrated
deeper info the mysteries of this
veiled planet than anyone ever
dreamed, and will no doubt con-
finue to surprise us down to the last
minute,” adds Hakan.

www.RocketSTEM .org
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dND THE

CHALLCNGES
or PHISICS

Interview by Sherry Valare

Have you ever stared up at the night sky contemplating how the universe works?2 Have
your thoughts ever drifted off into the realm of the infinite? Theoretical physicist Brian
Greene not only ponders these questions, but his research into String Theory could one
day prove successful in answering them.

Greene is an author, professor, creator of his own Massive Open Online Courses (MOOC),
and a vegan ice cream lover. He has even made guest appearances on high profile
television shows, such as “The Big Bang Theory”. First and foremost, through his research,
Greene is searching for answers to some of the deepest questions surrounding the structure
and creation of the universe.

The simplicity behind the thoughtful explanations to questions that boggle the greatest
minds in science, stood out to me most when interviewing Greene. Because he is extremely
talented at generating descriptive and vibrant explanations, it felt like he was splashing
color on a canvas in my mind. He carefully approached every question without judgment

— from the far-out and theoretical, to the concrete and factual.
At the beginning of our interview, | furiously took notes, but as we progressed,
| let the recorders do the work and just listened to the stream of thought he
shared with me on some of the most beautiful and elusive mysteries
surrounding the cosmos.

www.RocketSTEM .org
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Why physics? Were you curious as a
child? Did that curiosity guide you gracefully towards
your career path?

Brion GREENE: "It was a pretty seamless path. When |
was a little kid  was completely fascinated by numbers,
so Il was kind of a math kid. A little later on | learned that
math was more than just something you played with —
that it could be used to describe how the world works
- and that was a pivotal moment for me. | carried on
that frajectory of applying mathematics to understand
the physical universe, then as a grad student using
math for some of the more esoteric and far-out ideas
of physics. Things like unified theories and string theory
| worked on and continue to work on, and that pretty
much landed me where | am now.”

What was a challenge you overcame to get where
you are, something that people can relate to?

GREENE: “Well, physics is challenging every minute of
every day. | like to think of it the following way: we
have certain mental abilities that were largely formed
in response to our need to survive. When we were in
the jungle learning survival skills, really understanding
how the world works and the mathematics of the
underlying reality wasn't useful. What was useful was
the ability fo run fast enough to catch your dinner.
What we do in physics is, in some way, going
against the grain of evolution. We are really trying
fo push our minds info a place that they weren't
necessarily meant to go. That’s not easy. It's not
2 easy for students to learn physics and it's not easy
i for physicists fo do physics, but the ideas are so
exciting, so wondrous, that we're compelled
to push onward, and push through those
iy challenges. So | encourage all students to push
!; through those challenges and recognize that
&S
F

Credit: Steve Jurvetson

they aren't alone — even professionals are
constantly scratching their heads, working
hard to try to make progress.”

What is a really cool fact about you -
f . something that no one would expect?

/f Ty GREENE: "Well, | don't know if it's a ‘cool’
o or ‘curious’ fact, but | am vegan. | don't
eat anything of animal origin. When
| was nine years old, | was a city kid,
so | didn't know where meat came
b from; it was just this stuff that came
i i packaged from the supermarket.
- P Then my mother made spare ribs,
and that made the connection for
me. The fact that it was an animall
was obvious all the sudden and
that sickened me. So, | stopped
eating meat at that age, but |

still ate dairy.
Then much later, about 20
years ago, | went to an animal

08 www.RocketSTEM.org
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Credit: NASA/Goddard/Wade Sisler

Physics is challenging every minute of every day. But the ideas
are so exciting, so wondrous, that we're compelled to push onward,
and push through those challenges.

sanctuary in upstate New York, a litftle fown called
Watkins Glen, and | learned about the dairy industry
and how the animals are so mistreated. | could feel it
coming, and a few days later, | just could not eat dairy
anymore. I've been vegan ever since.”

What is your favorite ice cream? Oh, wait! You don't
eat ice cream - that strikes that question!

GREENE: “Well, that's not true! So, there are now ice
creams that are dairy-free. My favorite oneis ... um ..
goodness. Well, it's my favorite but | can’t remember
its name. It's a coconut vegan ice cream...it has
bliss in the name...Coconut Bliss! My favorite flavor is

m...l forgot its name, too. You can ask me about the
universe, but my favorite ice cream stumps me.

(He took to Google at this point.)

What is that flavor, that's not it, that's not it, negative,
negative...OH! Cherry Amarefto, man, that is my
favorite.”

Would you want to live forever?

GREENE: "“YES! So long as | could have my wife and my
kids. And my ice cream, too."

What was your inspiration for creating World Science
U and what kind of student did you have in mind?

GREENE: “The point of World Science University (WSU) is
to bring science education to anybody who wants it.
And | mean that literally — it really can be for the high
school kid who is very advanced and finds school not
challenging enough, for the college student who's
having difficulty in the classroom and needs help
outside of the fradifional instruction at their college.

It's for the lifelong learner who gave up on science
many years ago, but has always wanted to reconnect
withit, and didn’'t want to go back to college and enroll
in classes — but this is a way in which, in his or her own
time, one can immerse themselves in many wonderful
ideas. The intfended audience is broad.”

How do you hope your students will utilize what they
have learned in your courses?

GREENE: "Well, the initial courses that WSU is offering
are in Einstein's Special Relativity. That's a subject
which is not something that a student is going fo apply
to everyday circumstances — it tells us how the world
behaves in unusual circumstances — when things are
moving very, very quickly.

Rather than thinking about somebody using this
material to specifically do something, what | really
want is for people to leave the class with a completely
changed perspective on how reality works — a very

www.RocketSTEM .org
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Earlier this year, Brian Greene presented “Where Do We Stand with String Theory” in the John Bahcall Lecture at NASA’s Goddard Space Flight Center.

different perspective on the meaning of space, on
the meaning of time, on the meaning of math, on the
meaning of energy.

It is a course that has a capacity to really shake up
one's perspective on how the universe works."

Do you plan on eventually morphing this into a
degree or certificate program?

GREENE: “"We do offer certificates now to people that

Credit: NASA/Goddard/Wade Sisler

complete the initial courses. In terms of degrees — who
knows¢ Way down the line I could very wellimagine that
there might be a more formal way in which a student
can get credit for achieving a level of proficiency in
these online courses.”

Are you going to teach the courses yourself in the
beginning?

GREENE: “Yes, | am the initial instructor, just to get the

World Science U launches online learning for everyone

By Sherry Valare

World Science U is an up and
coming web based school that
offers massive open online courses
(MOOC). It was created by Dr. Brian
Greene, Theoretical Physicist, so e
that top researchers and educators i
could guide any student’'s way
through the expansion of their

IMMERSE YOURSELF
eI THE WORLD OF SCIENCE._

about how his course structure
has been designed fo provide a
tfop notch learning experience for
anyone with a desire fo learn.
“There are three layers of difficulty
that a student can choose from. The
first layer is “Science Unplugged”,
which is a collection of short video
answers to awiderange of questions

scientific knowledge at whatever
level they are most comfortable
approaching.

There are no fime limits on how
long you have to complete the
class, and students have the ability
to pause then restart where they
left off. Select courses even have
a live discussion feature where
Greene himself will be available to

The website: www.worldscienceu.com

discuss concepts with students af
scheduled fimes, similar to office
hours during an in-person course.
There are several levels of courses
students can attempft, after a very
quick registration requiring no more
than basic information. Greene
offered the following explanation

on topics such as: time and space,
what matter is made of, and how
the universe began. Anyone can
engage with these questions — they
don’'t need any background at
all and it can be done for a few
minutes or however long you find
the experience exciting.
The next layer is
call “Short Courses”,

what we
which are

(o)
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ball rolling, but we are now in conversation with a
number of leading scientists, in a variety of areas, who
are slated to be the next people in.”

What are you most looking forward to about the
World Science Festival later this month?

GREENE: “It is always full of surprises and
great programs. I'm doing a program on
guantum mechanics with a number
of world renowned folks, whose
expertise is in quantum physics. |
also know there is a really cool
event happening on the Intrepid

ship in the Hudson river, and

we are doing a screening of a
science related film, together
with astronauts to interact with
families and audiences after the
film. We like to think of it as a coming
together of science and music and
art and theater and fiim to create a
celebration of one of the most important
things our species does, which is explore.:

What is your opinion of a “Horton Hears a Who”
scenario for the universe? Stepping out of the science,
what kind of ideas do you have about ‘what we are’?

GREENE: “The notion that there are worlds within worlds
and that the reality we experience in everyday life is
one level of reality —whether a very tiny realm or a very
big realm, there are vastly different phenomena that
take place - that really is true. That is what modern
physics has taught us.

It hasn't taught us that little finy people live down
there, but it has taught us that the laws at work in the

conceptual in the sense that
the ideas are the real ideas of
science, but you don't need
math background, and you
don’'t need to do homework —
you just take in the material.

The third and deepest level
of engagement is the university
level courses. The pilot course
is Einstein's Theory of Special
Relativity. For this level, you
need high school Algebra and
a bit of high school Physics to
be comfortable with the place
where the courses begin.”

As an afterthought, Greene
added, “The whole point,
though, is that the courses take

P

—
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Brian Greene speaking at the Smithsonion National Air and

understandable,
them visual.

The laws at work
in the microscopic realm
are so different from the
ones that we experience
up here, thatitis its
own wondrous, distinct,
separate universe.

Space Museum in Washington, D.C.

There are hundreds

microscopic realm are so different from the ones that
we experience up here, that it is its own wondrous,
distinct, separate universe. And the metaphor, the Dr.
Seuss story, | think is aligned well with modern thinking.
Now, consider this. We think of ourselves as intelligent
life. We share 99 percent of our DNA with chimps so a
little tiny shiftin our DNA takes you from chimp
to us. Now, that suggests that if there are
other creatures in the universe whose
DNA differs from ours, for example,
by a few percent in the right
direction, their inteligence could
be so enormous compared to
ours, that they would look at us
as if we were a bacteria. They
would look atf us as if we were
worms crawling around on the
surface of the earth.
So we always ask ourselves if
there is other life in the universe. The
answer might turn out to be that there
is, and that life is so intelligent that when
compared to ours, they're really not interested
in us, just like we really aren’t that interested in worms or
bacteria, in that sense.”

What do you think is outside of space? How did
something come from nothing?

GREENE: “First of all, as for what is outside of space,
well there simply may not be an outside of space. It
makes sense to talk about what's outside of your
building, or what's outside of your country, what's
oufside of the earth, the galaxy — all that makes sense.
But when it comes to the universe, it may be that it
fruly encompasses everything. And the notion of an

illustrate the core ideas. | think
they are an essential part of
why this online experience, in
my mind, does a better job of
teaching than | typically do in
the classroom. | don't have this
type of visual resource in the
classroom and that's why this is
an exciting way to shake up the
whole teaching experience.”
The World Science U website
is simple to navigate with
clear instructions to assist you
in following your curiosity into
the strange world of physics,
in  whichever manner you
choose. For more information,
or to try out the courses, visit www.

[

Credit: Kurt Raschke

by making

abstract ideas and make them of animations we have built to Wworldscienceu.com.
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“outside of the universe” may simply just be a concept
that doesn't make any sense.*

Back to the big bang...doesn’'t something have to
exist for something else to come from it, though? How
did something just start...from nothing?

GREENE: “Yeah, | mean, that's again one of those
nafural thoughts based on everyday experiences.
Because in everyday life, every object we experience,
look at, has a history. That history involves us being
created from other stuff that existed before the object
ever existed. And maybe it will be true of the universe,
too. Maybe it will be that our big bang, is not the
beginning of everything, it was simply an event in a
pre-existing reality and there may be a prehistory to the
big bang - that's quite possible.

On the other hand, it may be the case, that the
universe is different from a baseball, a painting, or any
other objects in the world that all have a prehistory.
The universe may have come into existence in a given
moment and there may not have been a prehistory
there may not have been anything before that event
took place.

Or, maybe the laws of physics existed, but somehow
there wasn't a physical reality within which those laws
operated until those laws somehow coaxed the big
bang into taking place, then all of the sudden there
was stuff on which those laws operate. Perhaps before
all that stuff was there, it was just the laws itself, some
abstract realm.”

How can there be any more than three dimensions,
why is time described as a dimension, and do you see
it as tangible?

GREENE: “"When we talk about dimensions of space,
indeed we imagine that there are three of them,
(length, width, height) but it could be that there are
dimensions in addition to those, that for some reason
our eyes don't directly see or directly detect.

In fact, | spent much of my adult career developing
mathematical theories that'll allow the universe to
have a fourth, fifth, sixth dimension and so on in a way
that wouldn't contradict the fact we haven't seen
those dimensions.

Don't allow your eyes to fool you into thinking that
what you see is everything

Now, for time, we think of it as a piece of information
necessary to delineate when and where an event takes
place. For instance, if you are having a dinner party,
you give your guests the street, cross street and floor
numbers, to get to your apartment, but you also need
to give them a time, so that they know when to show
up. In that sense, that's four pieces of information we
consider to delineate where the party is taking place -
in four dimensions — three of space and one of time.”

In the absence of empirical data, how do you
decide between different hypotheses? Do you have
some kind of intuition for what might be true, do you go
for the most beautiful theory, or do you go with the one
that is most amenable to mathematical analysis?

Nature doesn’t care so much
about our feelings — nature
has her own set of rules

and it is up to us to fry

fo discern them.

Credit: Kurt Raschke
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GREENE: “Well | do think that the ultimate arbiter of fruth
is experimental data. So that is the thing that clearly
frumps everything else. In the absence of that, you
do use your infuition, your gut feeling — your aesthetic
sense of which ideas seem most promising.

That doesn't mean those ideas are right, it does,
however, mean that you, based on your personal
judgment, feel that they are the ones most worthy
of your time and attention in order to be further
developed. However, it could well be that things which
did not feel intuitively correct, or the right way to go,
may ultimately be picked out by nature.

Nature doesn’t care so much about our feelings -
natfure has her own set of rules and it is up to us to try to
discern them.”

What is the shape of space and what do you think
of dark matter?

GREENE: “For the shape of space, the data seems
to suggest that space is very close to being flat - in
a sense that it doesn't’ have any infrinsic curviness
to it. Rather than being like the surface of a ball, the
shape of space is more like that of a tabletop. And that
tabletop might go on forever in all directions — that is
our best guess at the moment.

As for dark maftter, the evidence seems to be
accumulatfing over many decades that there is matter
in the universe that doesn't give off light, but it does
exist. It is exerting the force of gravity, and that is how
we know the matter is there - even though we don’t
see it — and that sets up a challenge to identify what
constitutes dark matter.

People have been looking for the
constituents of dark matter for a
number of years - surprisingly yet
- nothing has been confirmed.
We are hoping in the next
few years, that issue will be
settled.”

In simple terms, can you
explain what string theory is?

GREENE: "“String Theory is a
proposal that fries to reach
Einstein’s dream of a unified
theory of physics. And by that,
Einstein meant the theory that from
one principle — maybe to be articulated

by one mathematical equation — we might
describe everything. This includes stars and galaxies
(the big stuff), the small stuff, molecules and atoms,
and everything in between.

The way String Theory works, is to imagine that matter
is not what we thought it was. Rather than matter being
little dot like particles with no internal machinery, String
Theory envisions that the constituents are little stringy
flaments, and their different vibration patterns are
meant to describe everything that happens in the
world.

Rather than being
like the surface of a ball,
the shape of space is more
like that of a tabletop.
And that tabletop might go
on forever in all directions —
that is our best guess
af the moment.

Brian Greene has published four books to date: ‘The Hidden Reality,” ‘Icarus
at the Edge of Time," ‘The Fabric of the Cosmos,” and ‘The Elegant Universe.’
Credit: Lark Elliott/Vintage Books

It is a hypothetical theory, and we are sfill frying to
develop it in order to test it —it hasn't yet been tested.”

Whatdo youthink ofthe discovery ofthe gravitational
waves that prove the big bang happened?

GREENE: “It is extremely exciting! If the results stand,
they will be among the most important findings in
cosmology and the search for the origin of the universe.
It will be one of the most important findings
in a hundred years. They will give us a
new observational window info the
earliestmomentsof creation, which
will be a very powerful, new tool
for us fo use fo understand the
universe. However, | also want
to emphasize that we won't
really believe these results
until they are independently
confirmed by other groups of
researchers. But the feam did

a great job!”

How are we trying to measure
some of the alternate energies (i.e.
dark energy)?

GREENE: "“Well, measuring dark energy
is a challenge, but there are very good teams of
astronomers that have worked out techniques that
often have to do with measuring the properties of
supernova explosions. They tell us how galaxies are
moving away from us. In the next few years, we are
going to gain a lot more insight into the nature of dark
energy, whether it changes over time, and if it was
constant over the whole course of history.

These are the pretty vital questions to address and |
think that we are going to start getting answers.”
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Kepler finds nearest twin to Earth yet

Using NASA's. Kepler Space
Telescope, astronomers have dis-
covered the first Earth-size planet
orbiting a star in the "habitable
zone” — the range of distance
from a star where liquid water
might pool on the surface of an
orbiting planet. The discovery of
Kepler-186f confirms that planets
the size of Earth exist in the habit-
able zone of stars other than our
sun.

While planets have previously
been found in the habitable zone,
they are all at least 40 percent
larger in size than Earth, and un-
derstanding their makeup is chal-
lenging. Kepler-186f is more remi-
niscent of Earth.

“The discovery of Kepler-186f is
a significant step toward finding
worlds like our planet Earth,” said
Paul Hertz, NASA's Astrophysics
Division director at the agency’s
headqguarters in Washington. “Fu-
ture NASA missions, like the Tran-
sifing Exoplanet Survey Satellite
and the James Webb Space Tele-
scope, will discover the nearest
rocky exoplanets and determine
their composition and atmospher-
ic conditions, continuing human-
kind's quest to find truly Earth-like
worlds.”

Although the size of Kepler-186f
is known, its mass and composi-
tion are not. Previous research,
however, suggests that a planet
the size of Kepler-186f is likely to
be rocky.

“We know of just one planet
where life exists — Earth. When
we search for life outside our solar
system, we focus on finding plan-
ets with characteristics that mimic
that of Earth,” said Elisa Quintana,
research scientist at the SETI Insti-
tute at NASA's Ames Research
Center in Moffett Field, Calif., and
lead author of the paper pub-
lished today in the journal Sci-

ence. "Finding a habitable zone
planet comparable to Earth in size
is a major step forward.”

Kepler-186f resides in the Ke-
pler-186 system, about 500 light-
years from Earth in the constel-
lation Cygnus. The system is also
home to four companion planets,
which orbit a star half the size and
mass of our sun. The star is classi-
fied as an M dwarf, or red dwarf,
a class of stars that makes up 70
percent of the stars in the Milky
Way galaxy.

"M dwarfs are the most numer-
ous stars,” said Quintana. “The
first signs of other life in the galaxy
may well come from planets orbit-
ing an M dwarf.”

Kepler-186f orbits its star once
every 130 days and receives one-
third the energy from its star that
Earth gets from the sun, placing
it nearer the outer edge of the
habitable zone. On the surface
of Kepler-186f, the brightness of its
star at high noon is only as bright
as our sun appears to us about an
hour before sunset.

“Being in the habitable zone
does not mean we know this plan-
et is habitable. The temperature
on the planet is strongly depen-
dent on what kind of atmosphere
the planet has,” said Thomas Bar-
clay, research scientist at the Bay
Area Environmental Research
Institute at Ames, and co-author
of the paper. “Kepler-186f can
be thought of as an Earth-cousin
rather than an Earth-twin. It has
many properties that resemble
Earth.”

The four companion planets,
Kepler-186b, Kepler-186c, Ke-

pler-186d and Kepler-186e, whiz
around their sun every four, sev-
en, 13 and 22 days, respectively,
making them too hot for life as we
know it. These four inner planets
all measure less than 1.5 times the
size of Earth.

The next steps in the search for
distant life include looking for true
Earth-twins — Earth-size planets
orbiting within the habitable zone
of a sun-like star — and measuring
their chemical compositions. The
Kepler Space Telescope, which
simultaneously and continuously
measured the brightness of more
than 150,000 stars, is NASA's first
mission capable of detecting
Earth-size planets around stars like
our sun.

Ames is responsible for Kepler's
ground system development, mis-
sion operations, and science data
analysis. NASA's Jet Propulsion
Laboratory in Pasadena, Calif.,
managed Kepler mission develop-
ment. Ball Aerospace & Technolo-
gies Corp. in Boulder, Colo., devel-
oped the Kepler flight system and
supports mission operations with
the Laboratory for Atmospheric
and Space Physics at the Univer-
sity of Colorado in Boulder. The
Space Telescope Science Institute
in Baltimore archives, hosts and
distributes Kepler science data.
Kepler is NASA's 10th Discovery
Mission and was funded by the
agency’s Science Mission Direc-
torate.

The SETI Institute is a private,
nonprofit organization dedicated
fo scienfific research, education
and public outreach. The missi®n
of the SETI Institute is.to explore,
understand and explain the ori-
gin, nature and prevalence of life
in the universe.

For more information about the
Kepler mission, visit: www.nasa.
gov/kepler.
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This artist’s concept depicts
Kepler-186f, the first validated Earth-size
planet to orbit a distant star in the habitable zone.
The discovery signals a significant step closer to finding
a world similar to Earth. Kepler-186f resides about
500 light-years from Earth in the constellation Cygnus.

Credit: NASA/Ames/SETI Institute/|PL-Caltech
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Startlng In astrophotographg

If you thought buying a telescope was confusing and
complicated, then moving on to astrophotography
can be even worse. This arises because of the myriad
of different types of photography that can be done,
the budget available, and the celestial objects that
you want to image. Astrophotography can range from
taking starscapes with your existing camera at one end
of the scale all the way up to using dedicated CCD
cameras with filters on tracking mounts, and a whole
wealth of options in between.

However getting started in astrophotography does
not have to be expensive, a lot can be achieved using
imaging equipment that you may already own, or
could borrow. This article will just focus (pun intended)
on the equipment side for your infroduction info
astrophotography. Taking the picture is only part of the
sequence to obtaining some stunning images.

A later article will
look at the software
processes on  your
computer that will
turn the output from

Getting started in

asfrophotography

does not have to your camera into a
. jaw dropping picture.

be expensive, alot |

will also cover

: more advanced

can be achieved astrophotography
using imaain in  another article
.g 9ing discussing guiding and
equipment that you combining  images

to reduce noise and
bring out more detail.

One way to
get going in
astrophotography is to fry and use the imaging
equipment that you have already without spending
a penny. People may laugh at this, but it is perfectly
feasible. You will not get the best results, but at least
you will get some passable imagery, and with a bit
of patience and perseverance these can be very
acceptable. This of course means that you start with
your existing camera. These days almost everyone has
a camera in the form of a smartphone, and believe
it, or not, the smartphone can take some good astro
pictures.

may already own.

Smartphones can take images through a telescope with an adapter, such as the
Orion SteadyPix, that holds it over the eyepiece. Credit: Orion

Using a Smartphone

To use the phone's camera all you need to do is line
it up with the eyepiece of a telescope and take the
picture. A lot of these will not be very good, but with
some practice you will improve.

This method of astrophotography is called afocal
imaging. The manufacturers have realised there is a
market out there for this type of photography and have
developed a number of attachments for telescopes
that hold the camera firmly in the correct position. This
makes the process a lot more reliable and repeatable.

Using this method of imaging can also be applied
to compact cameras. all that is required is that the
camera can focus on the image in the eyepiece.

Of course there are limitations to this, in particular
the fact that this is a snapshot of the image and is not
suitable for long exposures, but it is a start.

16
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Using a
Compact Camera

Staying with the concept of not spending any money
you can use your existing camera to take starscapes.
All you need is a camera that can take exposures up
to 30 seconds or one that has a night scene setting.
The camera should be set at the highest ISO setting
of 3200 or 6400. You will then need a tripod, beanbag
or some other form of stabilisation to prevent the
camera moving during the exposure. If you find a nice
dark spot with no lights around this will give you some
lovely images of the stars, showing you far more than
you could ever see with your eyes. If your camera has
a bulb setting and a means of friggering it without
touching the camera then you can start to take longer
exposures of 2 fo 3 minutes. With exposures of this length
you will start to see the stars trailing.

These star frails occur because the heavens rotate
around the celestial poles. In the northern hemisphere
they rotate around Polaris. Star frailing is something that
astrophotographers try to eliminate, but they can be
used in a very artistic manner by taking lots of images
and then merging then together to form streaking lines
as the heavens rotate. In general you will find that
any exposure longer than 30 seconds will start to show
trailing, if you use telephoto lenses then that time can
be reduced to just a few seconds.

Using a DSLR

A single lens reflex camera with interchangeable
lenses or more specifically the DSLR that has replaced
wet film cameras is the dream imaging device for
budding astrophotographers. | used my frusty old
Nikon D300 as my main camera in astrophotography
for quite a while before | moved on. The DSLR is such
a flexible camera that it can be used in a number of
ways to create some stunning images. The beauty of
the DSLR is not only the interchangeable lenses but also
the control that can be gained over the exposure of
the image.

A standard DSLR has a slight drawback in that the
infrared filter over the sensor also blocks light in the
hydrogen alpha (HA) spectrum. The HA spectrum is
where the light from the stunning red emission nebulas
originates. However, don't be put off, there are sfill
thousands of objects that can be imaged.

Again starting with just a DSLR and a tripod you have
a lot of artistic capacity to ufilise. | like to use a wide
angle or standard lens and take exposures of up to
30 seconds. The wider angle the lens the longer the
exposure that you can take. My 10.5mm fisheye lens
is perfect for taking the majority of the night sky and
is wonderful for meteor showers where the meteors
can streak across the sky from just about any location.
Moving up to the 50mm standard lens the narrower
field of view is ideal for imaging constellations. My
longest lens is a 200mm telephoto lens, which is a

&
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The iOptron SkyTracker is ideal for long exposure imaging with a DSLR camera.
Credit: Mike Barrett/iwww.wired4space.com

great lens for terrestrial photography, but not so good
for astrophotography as trailing occurs at even short
exposures. There is a way around this which | will explain
later.

The important thing about taking images with your
DSLR is to keep it very still whilst taking the exposure. This
will generally require a tfripod, but you can improvise
with beanbags, or even a wall. A cable release of
some form or other will allow the camera shutter to
be conftrolled without having to touch the camera.
This means that there will be no shaking or movement
when taking the picture. As a guide to exposure you
should put the camera info manual. | generally shoot
with the aperture wide open for 30 seconds at the

www.RocketSTEM .org
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Performing astrophotography doesn't

require a telescope. A DSLR camera

can be coupled with the iOptron Sky Tracker

to produce pretty good long exposure images.
Credit: Mike Barrett/www.wired4space.com
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highest ISO setting on the camera. You can use a lower
ISO setting to reduce the noise in the image, but you
will also lower the sensitivity and the number of stars
that can be recorded.

Focusing can be a litfle problematic as the lens
actually focusses beyond infinity, so you cannot just set
is at the end of the focus movement . You need fo set
the focusing mode into manual focus and turn off any
image stabilisation, if the lens has it. | find that focusing
during the day on something as far away as possible
helps me get set up. A piece of electrical tape is your
friend here as it can be placed over the focus ring and
prevent movement. When night falls and you set up to
take your pictures there should only be a small amount
of fine adjustment required to bring the image into full
focus.

Computerised
Camera Control

If you want to get a bit more serious about
astrophotography and have alaptop and compatible
camera you can shoot in tethered mode. This is
where the computer controls the features of the
camera. Canon cameras are particularly useful for
this as there is a lot of software available, both
Commercial and Freeware, that can control the
entire imaging process. | still have my D300, but |
decided to get a dedicated astrophotography
camera, and after a lot of comparisons decided
to go for the Canon T3i a versatile workhorse
that could be fully controlled by my computer. |
also use APT - Astro Photography Tool a Freeware
imaging application. APT does far more than just
control the camera, but this is the area that | am
covering here. For more details about APT check
their website at www.ideiki.com.

Just above | mentioned the problems with focusing
at night. APT is able to control the camera lens and
provide you with far finer control over focusing than you
can ever do manually. It also has a number of features
that assist in achieving focus including live view, lens
conftrol, autofocusing, and focus aid. Using these tools
help you frame and focus your image. APT also has a
feature that allows you to program a sequence of shofts
enabling you to automate the process of your night
work. | have just touched on the surface of what the
program can do and there are many other alternatives
out there that do the same thing. As each camera
offers different facilities check with the compatibility
charts before you make a final decision about a new
purchase or acquisition.

Connecting
to a Telescope

So far | have just mentioned using a DSLR as a stand-
alone camera, butamainconceptofastrophotography

is to take images through a telescope. This is where the
benefits of the inferchangeable lenses come to the
fore. Why noft replace the lens with a telescope? The
mechanics of this is surprisingly easy. The camera lens
bayonet fitting has long been used by manufacturers
of third party aftermarket lenses to provide a specific
camera mounting to a generic lens. This is known as
a T2 mount and has the bayonet on one
side with a thread inside.

The thread is used

fo screw in an
eyepiece
adapter
resulting

in a

sturdy

The bayonet
and nosepiece
of aT2 camera
mount adapter.
Credit: Mike Barrett

connection
between the
camera and the telescope.
The telescope then becomes a long focal length lens.
There are a couple of drawbacks to using this
method for connecting a camera to a ftelescope. The
main problems are backfocus and star trailing.
Backfocus in astrophotography is the ability of the
focuser to move sufficiently to achieve focus in the
camera. If you look at a DSLR there is normally a mark
on the body indicating where the sensor is. This is also
the focus point of the camera. An eyepiece has it's
focal point some way below the eye, but a camera
has it above the plane where your eye would be. This
means that the telescope focuser has to be able fo
move in far enough for the camera to achieve focus.
This is normally not a problem with a refractor telescope
or a cassegrain reflector, but can be on a Newtonian
reflector. On the Newtonian this can often be overcome
by using a Barlow lens which shifts the focus point and
can allow the camera to achieve focus.

www.RocketSTEM .org
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Star frailing was mentioned above and it can be used
to generate some lovely artistic effects, but generally
astrophotographers want pin-sharp stars and long
exposures. Back in the second issue of RocketSTEM we
looked at the various types of telescopes and mounts.
For astrophotography the German equatorial (GEM or
EQ) mount is a must. This tracks the motion of the stars
through the night sky allowing longer exposures without
the stars trailing. However even with a telescope there
is always the bright moon that can be imaged.

Tracking

Camera Mounts

So far everything can be achieved with equipment
you may already have, but to track the celestial motion
you need to have an equatorial mount. This does not
mean that you have to buy an expensive telescope
mount though a fracking mount is a purchase you
may want fo make when you get a litfle more serious
and want fo start taking longer exposures. There are
a number of systems on the market: Astrofrac, Vixen
Polarie, and the iOptron SkyTracker are three popular
ones. They all work on the same basic principal: the
mount is aligned with the celestial pole (close to Polaris

Shown is a 2-inch -2 Mount attached to Canon EOS Rebel T3i.
Credit: Mike Barrett/iwww.wired4space.com

in the northern hemisphere) then the camera mount is
rotated at the same rate as the stars revolve around
the pole.

All of these mounts are light, small and very
fransportable, but require the addition of a fripod,
and some kind of fripod head. With the addition of a
simple programmable timer this makes for an excellent
portable astrophotography system. The exposure can
easily be increased from 30 seconds to 3 minutes even
with a 200mm telephoto lens. With this type of setup
you will be able to do some deep space photography
and if you are anything like me you will get the bug and
want fo improve your skills and take your photography
to another level.

Conclusion

As can be seen astrophotography does not have
to involve huge expenditures and a lot can be done
with equipment that you may already own or have
access to. Obviously this is just an introduction to help
you get started, and there are so many more levels
to the subject. | will be covering some these in future
arficles, including planetary imaging which can done
very easily using webcam.
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Camera to telescope adapters
» use al2 mount and can be used
to capture images from a wide
variety of sizes of telescopes.
Credit: Mike Barrett/www.wired4space.com
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Credit: NASA/IPL-Caltech
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Cassini launches
in 1997 to start
a seven-year
journey to the
ringed planet.
Credit: NASA
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By Lloyd Campbell

The Cassini orbiter has been in
orbit around Satfurn since June 2004.
Launched aboard a Titan IVB rocket
from Cape Canaveral Air Force Station
on October 15, 1997, it was originally
dubbed Cassini-Huygens as the Huygens
probe was carried along with Cassini to
the Saturnian system.

The voyage to Saturn is a long one as
Saturn, on average, is 1.43 billion miles
from earth. The rocket used fo launch
Cassini-Huygens was the most powerful
in the NASA arsenal at that fime, but
it was sfill not powerful enough to
send Cassini-Huygens on a direct flight
sTrcughT to Saturn. Instead NASA utilized
a technique called
“gravity assist” @
number of fimes
during Cassini's trip
to Saturn. A gravity
assist  uses  the
gravitational  pull
of a body in space
to increase the
vehicle's speed as
it flies by. The flyby
can also be used o
alter the course of
the spacecraft.

On its frip fto
Saturn, Cassini-Huygens flew past Venus,
twice, Earth once, and Jupiter once. To
this day Cassini still uses Gravity Assists to
preserve fuel, using the Saturnian moons
and Satfurn itself to help maintain the

speed of the spacecraft. For example,
when flying by Safurn’s moon Titan on
April 7, 2014, the probe gained speed
as it approached Titan, and due fo the
fight path, while it lost energy pulling
away from Titan its speed post encounter
was the same as before
the encounter started,
allowing a scientific flyby
using no propellant.

The Cassini orbiter has
12 instruments on board.
According to NASA, "the
science instfruments can
be classified in a way
that can be compared
to the way human senses
operate. Your eyes and
ears are ‘remote sensing’
devices because you can
receive information from
remote objects without
being in direct contact
with them. Your senses of
touch and taste are ‘direct
sensing’ devices. Your nose
can be construed as either
a remote or direct sensing
device. You can certainly smell the apple
pie across the room without having your
nose in direct contact with it, but the
molecules carrying the scent do have to
make direct contact with your sinuses.”

Cassini's instfruments allow it to analyze
remotely, it is an orbiter after all, but it is
not limited to only visual examinations as
it uses radar, radio, and specfrometers
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Cassini is lowered to mate with
its launch vehicle adapter in 2004.
Credit: NASA
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to analyze from a distance. And for
close encounters, the field and partficle
insfruments measure things in the
immediate vicinity of the spacecraft
such as Magnetic fields, mass, electrical
charges, and densities of atomic particles,
along with the composition and quantity
of dust particles, and the strength of
electrically charged gas (Plasma).

Thespacecraft'sinstruments, propulsion
system, maneuvering systems, and
communication equipment all require
power to operate. Providing the power
are three Radioisotope Thermoelectric
Generators, also referred to as RTGs. The
RTGs generate 885 watts of power. As a
comparison, the laptop | am writing this
article on has a 126 watt power supply,
and a 42" LCD Television uses about 120
waftts of electricity.

Solar panels were not an option as
due to the amount of power required
to operate the spacecraft and it's
insfruments. Using the most advanced
solar panels available at that time, that
could have met the power requirements,
would have required them to be so large
it would have made the spacecraft foo
heavy to launch.

Cassiniis still in operation today, having
completedits primary missionin June 2008
as a healthy spacecraft, it was decided
that a secondary mission,
dubbed the Cassini Equinox
Mission, was added. That
mission lasted until September
2010, and once again with
a healthy spacecraft sfill
providing valuable data
back to scientists on Earth, a
third mission called the Cassini
Solstice Mission was added.
That mission was recently
funded through its scheduled
end of mission in September
2017, so there is sfill a lot of
excitement coming from
this reliable spacecraft
over the next 3 years. The
mission’s extension is named
for Saturn’s summer solstice
which willbe occurring in May
2017. The northern summer
solstice marks the beginning
of summer in the northern hemisphere
and winter in the southern hemisphere.
Since Cassini arrived at Saturn just after
the planet’'s northern winter solstice, the
extension will allow for the first study of a

The first color view of Titan’s
surface returned by the ESA
Huygens probe.

Credit: ESAINASA/JPL/Univ. of Arizona

complete seasonal period.

So what has Cassini accomplished
so fare Well the amazing pictures it has
returned to us to see are certainly one of
its hallmarks, but the scientific discoveries
it has made are also very impressive. We
would need to dedicate the entire issue
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of this magazine, if not more, to Cassini if
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Titan's surface, remember that with thick
hazy atmosphere, you cannot actually
see the surface from above.

Recently Cassini measured the depth
of Titan's second largest seq, Ligeia Mare,
to be about 560 feet in depth. Since
Titan's water bodies are mostly Methane

Few sights in the solar system are more strikingly beautiful than softly hued Sat-
urn embraced by the shadows of its stately rings. Despite Cassini’s revelations,
Saturn remains a world of mystery.  Credit: NASA/JPL/Space Science Institute

the spacecraft uses radar to “see” first
through the smoggy atmosphere of Titan,
and then through the lake itself to find
the boftom.

Cassini also  discovered a huge
hurricane swirling around Saturn’s north
pole justlast year. Even though Cassini has
been in orbit since 2004, the polar region
was dark due to the northern hemisphere
being in winter. The composite infrared
spectrometer and the visual and infrared
mapping spectrometer defected a
massive vortex quite some time ago.
However it could not be seen unfil
recently with winter ending in the
northern hemisphere. “Such a stunning
and mesmerizing view of the hurricane-
like storm at the north pole is only possible
because Cassini is on a sportfier course,
with orbits tilted to loop the spacecraft
above and below Saturn’s equatorial

plane,” said Scoft Edgington, Cassini
deputy project scientist at NASA's Jet
Propulsion Laboratory in Pasadena, Calif.
“You cannot see the polar regions very
well from an equatorial orbit. Observing
the planet from different vantage points
reveals more about the cloud layers that
cover the entirety of the planet.”

Cassini changesits orbital inclination for
such an observing campaign only once
every few years. Because the spacecraft
uses flybys of Saturn’s moon Titan to
change the angle of its orbit, the inclined
trajectories require attentive oversight
from navigators. The path requires careful
planning years in advance and sticking
very precisely to the planned itinerary to
ensure enough propellant is available for
the spacecraft to reach future planned
orbits and encounters.

In comparison to hurricanes on Earth,
the one on Saturn is gigantic with the eye
of the storm being roughly 50 fimes larger
than the eye of a hurricane on Earth at
approximately 1,250 miles across. Wind
speeds atf the outer edge of the storm
are around 340 MPH. Unlike hurricanes
on Earth, this storm does not migrate; it
is stfuck in what is essentially a stationary
position indefinitely. On Earth, hurricanes
tend to drift northward because of the
forces acting on the fast swirls of wind as
the planet rotates. The
one on Safurn is already
as far north as it can be.
The end result is a strong
swirling storm, with no
place to go.

“The polar hurricane
has nowhere else to go,
and that's likely why
it's stuck at the pole,”
said Kunio Sayanagi, a
Cassini imaging team
associate at Hampton
University in Virginia.

Unrelated to  the
hurricane in the polar
region, a massive
thunder and Lightning

in  Saturn’s  northern

hemisphere. After forming, the turbulent
head of the storm moved west and
spawned a clockwise rotating vortex that
followed the same path but more slowly.
In a matter of just a few months the storm
encircled the entire planet, strefching
some 190,000 miles, with thunder and
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Jets spurt ice particles, water vapor and
trace organic compounds from the sur-
face of Saturn’s moon Enceladus.

sform  was - defected Credit: NASA/|PL/Space Science Institute



This is an artist's concept of the Saturnian plasma
sheet based on data from Cassini magnetospheric
imaging instrument. It shows Saturn’s embedded “ring
current,” an invisible ring of energetic ions trapped in
the planet’s magnetic field.

Credit: NASA/JPL/JHUAPL

ing Gurrent.

lightning raining down on the surface the
whole time. The storm lasted for 267 days!
Along with amazing photographs of the
massive storm, Cassini’'s near infrared
camera detected a combination of
water and ammonia ice in the storm
clouds. The storm ended when the head
of the storm ran into its own "“tail” after
encircling the planet and the circulation
eventually came to a stop.

Another recent discovery is that
Saturn’s moon, Enceladus, has an ocean
of liquid water beneath its frozen crust.
Scientists first hypothesized the existence
of liquid below the surface when a Cassini
Flyby in 2005 showed water vapor and
ice spewing from vents near the moon'’s
south pole. Scientists recently provided
more evidence of this ocean’s existence
by measuring the gravitational variances
of the moon. Utilizihg data from three
flybys of the 19 close encounters Cassini
has made with Enceladus.

The gravitational tug of Enceladus,
as with any other celestial body, alters
Cassini's flight path. Variations in the
gravity field, such as those caused by
mountains on the surface or differences
in underground composition, can be
detected as changes in the spacecraft’s
velocity as measured from Earth.

The south pole of Enceladus has
a surface depression that causes a
decrease in the local tug of gravity.
However, the decrease is less than
expected given the size of the depression.

f

Magnetopahse

This leads researchers to conclude the
depression’s effect is partially offset by
a high-density feature in the region,
beneath the surface. “The Cassini gravity
measurements show a negative gravity
anomaly at the south pole that however
is not as large as expected from the deep
depression detected by the onboard
camerq,” said the paper’s lead author,
Luciano less of Sapienza University of
Rome. "Hence the conclusion that there
must be a denser material at depth that
compensates the missing mass: very
likely liquid water, which is seven percent
denser than ice. The magnitude of the
anomaly gave us the size of the water
reservoir.”

Of course, with water, the possibility of
some sort of life on Enceladus is raised
significantly. “Material from Enceladus’
south polar jets contains salty water and
organic molecules, the basic chemical
ingredients for life,” said Linda Spilker,
Cassini's project scientist at JPL. “Their
discovery expanded our view of the
‘habitable zone' within our solar system
andin planetary systems of other stars. This
new validation that an ocean of water
underlies the jets furthers understanding
about this infriguing environment.”

What lies ahead for Cassinie At the time
of this writing Cassini just finished its closest
remaining flyby of the smoggy moon Titan
on April 7. Cassini whizzed by Titan at a
targeted 598 miles above the surface
while travelling at 13,000 MPH! The close

BO\A:' Shock
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pass enabled Cassini’s lon and Neutral
Mass Spectrometer, or INMS, to get a
good whiff of the atmosphere, allowing
further analysis of the composition of the
atmosphere. Also Cassini's Composite
Infrared Spectrometer, or CIRS, continued
to map the vertical structure of Titan's
atmosphere in far-infrared wavelengths
of light. Scientists are watching for
seasonal changes as the moon’s southern
hemisphere heads into its several-years-
long winter season. Also the Visible and
Infrared Mapping Spectrometer, or
VIMS, extended its global and regional
map coverage of Titan. VIMS observed
the moon’'s extended atmosphere as
it passes in front of the bright red star
Antares. These measurements of well-
known stars provide a useful probe of the
structure and density of the atmospheres
of Titan and Saturn. Cassini will fly by Titan
again on May 17 and six more flybys of
Titan will occur this year.

Cassini, as previously noted, is now in
a more polar orbit, and will make passes
through Saturn’s ring plane many fimes
over the next three-plus years of the
Solstice mission. Some of these passes will
actually be between the rings and the

This image of the northern polar region of Saturn shows both the
aurora and underlying atmosphere, seen at two different wavelengths

of infrared light.

Credit: NASA/IPL/University of Arizona

planet, a path no other mission has done
before. By diving between Saturn and its
rings, the team hopes to obtain in depth
knowledge of the gas giant. Cassini will
study the internal structure of Saturn, its
magnetic fluctuations, and the mass of

the rings during these trips between the
planet and ifs rings.

More flybys of Saturns moons will occur
ofcourse, theywillbe continuedtobeused
as gravity assists to propel the spacecraft
and redirect
its flight path
of course, but
these flybys
will also serve
scientific
pUrposes.

The recent
discoveries of
theicy plumes
shooting from
the surface,
and possible
seas below
the surface
of Enceladus
make it @
focal point for further investigation. As
noted earlier, investigation of these
plumes revealed that the spray contains
complex organic chemicals. Tidal
heating is keeping Enceladus warm,
and hotspots associated with the plumes
have been pinpointed. With heat,
organic chemicals and, potentially liquid
water, Enceladus could be a place
where primitive life forms could evolve.
Enceladus’s “astrobiological potential”
are at the heart of many investigations
being conducted in the Solstice Mission.

The spacecraft will study the bright
and dark surfaces of Dione and Rhea to
compare their geological and cratering
histories with those of other icy moons.
Further analysis of the unique thermal
features recently discovered on Mimas
will be performed.

Titan and many other moons will be
included in flybys also. Titan remains a
top priority as scientists hope to catch
the moon'’s surface features in the act
of changing. The spacecraft will look for
signs of seasonal climate change such as
storms, flooding, or changes in lake levels,
as well as evidence of volcanic activity.

All these passes will certainly reveal
more secrets of Satfurn, its ring system,
and its moons. So stay tuned for more
amazing photographs and more exciting
scienfific discoveries over the next three
years from Cassini.

To learn more about Cassini's
accomplishments  visit  the mission’s
website at hitp://saturn.jpl.nasa.gov/.

Mosaic of river
channel and
ridge area
onTitan
Credit: ESA/
NASA/IPL/
University of
Arizona
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The Rose: The spinning vortex of Saturn’s north polar storm
resembles a deep red rose of giant proportions surrounded
by green foliage in this false-color image from Cassini. Meao-
surements have sized the eye at a staggering 1,250 miles
across with cloud speeds as fast as 330 miles per hour.

Credit: NASA/|PL-Caltech/SS|

e images o
Of Cassini

Credit: NASA/|PL-Caltech/SSI

Old and new again: This false-color Cassini mosaic
of Saturn’'s moon Enceladus captures much of the frigid
moon’s diverse geology. Cratered terrain dominates
most of the scene. The relatively dense accumulation
of impact craters implies that this terrain is among the
oldest on the moon'’s surface. The entire area is tran-
sected by a complex web of fractures and faults. The
widely varied appearances of fractures attest to the
fact that the surface of Enceladus has been shaped by
a long history of intfense tectonic activity.

Credit: NASA/IPL/Space Science Institute
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Liquid Lakes on Titan:
The existence of oceans or lakes of liquid
methane on Saturn’s moon Titan was
predicted more than 20 years ago.
But it had not been possible to
confirm their presence until the
Cassini flyby in 2006. Radar
provided evidence for large
bodies of liquid. The lakes,
darker than the surrounding
terrain, are emphasized
here by tinting regions
of low backscatter in blue.

Credit: NASA/JPLIUSGS
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Majestic Saturn, in the Infrared: This false-color composite image shows Saturn’s rings and southern
hemisphere. The composite image was made from 65 individual observations by Cassini’s visual and infrared

mapping spectrometer in the near-infrared portion of the light spectrum on Nov. 1, 2008. The observations were
each six minutes long. Credit: NASA/JPLIASI/University of Arizona

Neon Saturn:
Flying over the unlit side of Sat-
urn’s rings, the Cassini space-
craft captures Saturn’s glow,
represented in brilliant shades of
electric blue, sapphire and mint
green, while the planet’s shadow
casts a wide net on the rings.
This striking false-color mosaic
was created from 25 images tak-
en over a period of 13 hours while
the spacecraft was 1.58 million ki-
lometers (1 million miles) from the
planet and 34.6 degrees above
the ring plane. In this view, Cassini
was looking down on the north-
ern, unlit side of the rings, which
are rendered visible by sunlight
filtering through from the sunlit,
southern face.

Credit: NASA/|PL/University of Arizona
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Enceladus the storyteller: A masterpiece of deep
time and wrenching gravity, the tortured surface of Saturn’s
moon Enceladus and its ongoing geologic activity fell the
story of the ancient and present struggles of one tiny world.
This enhanced color view of Enceladus is primarily of the

moon's southern hemisphere.
Credit: NASA/IPL/Space Science Institute
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Saturn’s active north pole: A bizarre six-sided feature encircling the north pole of Saturn has been spied by the
visual and infrared mapping spectrometer on the Cassini spacecraft. This image is one of the first clear images
ever taken of the north polarregion as seen from a unique polar perspective. Originally discovered during NASA's
Voyager flybys of the early 1980’'s, the new views of this polar hexagon prove that this is an unusually long-lived
feature on Saturn. This image is the first to capture the entire feature and north polar region in one shof.

Credit: NASA/JPL/University of Arizona
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0dd world: This stunning false-color view
of Saturn’s moon Hyperion reveals crisp details
across the strange, fumbling moon's surface.
The view was obtained during Cassini's very
close flyby on Sept. 26, 2005. Hyperion has a
notably reddish fint when viewed in natural
color. Cassini scientists think that Hyperion's
unusual appearance can be aftributed fo
the fact that it has an unusually low density
for such a large object, giving it weak surface
gravity and high porosity. These character-
istics help preserve the original shapes of
Hyperion's craters by limiting the amount of
impact ejecta coating the moon’s surface.
Impactors tend to make craters by compress-
ing the surface material, rather than blasting
it out. Further, Hyperion's weak gravity, and
correspondingly low escape velocity, means
that what little ejectais produced has a good

chance of escaping the moon altogether.
Credit: NASA/JPL/Space Science Institute

Epic Odysseus:

With an epic size, Odysseus Crater
stretches across a large northern
expanse on Saturn’'s moon Tethys.
Odysseus Crater is 450 kilometers,
or 280 miles, across. The image was
taken in visible green light with the
Cassini spacecraft narrow-angle
camera on Feb. 14, 2010. The view
was obtained at a distance of
approximately 178,000 kilometers
(111,000 miles) from Tethys. Image
scale is about 1 kilometer (about

3,485 feet) per pixel.
Credit: NASA/IPL/Space Science Institute
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High resolution Phoebe:
Cassini captured a series of high
resolution images of Phoebe during
a close encounter. The surface shows
many craters. The moon might
have been part of an ancestral
population of icy, comet-like
bodies, some of which now
reside in the Kuiper Belt.

Credit: NASA/|PL/Space Science Institute
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The day the Earth smiled: On July 19, 2013, in an event celebrated the world over, NASA's Cassini space-
craft slipped intfo Saturn’s shadow and turned to image the planet, seven of its moons, its inner rings -- and, in
the background, our home planet, Earth. With the Sun’s powerful rays eclipsed by Saturn itself, Cassini’s onboard
cameras were able to take advantage of this unique viewing geometry to acquire a panoramic mosaic of the
Saturn system that allows scientists to see details in the rings and throughout the system as they are backlit by the
sun. This mosaic is special as it marks the first time ever that inhabitants of Earth were made aware in advance

that their photo would be taken from such a great distance. Credit: NASA/|PL-Caltech/SS|
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Credit: Nicole Solomon
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Jim

Adams:

Interview by Chase Clark

After sitting inside a Mercury capsule during a Family Day
at NASA's Goddard Space Flight Center in the 1960s you
would think that W. James (Jim) Adams was destined to seek
out a career with the space agency. Turns out that Adams,
now NASA's Deputy Chief Technologist, originally had
another career path in mind, one that might not have ever
intersected with space exploration. Fortunately, destiny had
another path in mind for him. During an exclusive interview
with RocketSTEM, we conversed with Adams about his
background, his career at NASA and his thoughts on the
future of space travel.

You were exposed to space at an early age,
weren't you?

Jim ADAMS: “| was born just before Sputnik launched. A
couple of times I've referred to myself as a Sputnik
baby. So yes, the space race and space

program have always been a presence in

my life. | came up in a household where

space was just sort of common. | was born JUST
My fatherwasan aerospace engineer. i

He started working for Rocketdyne before SpUka

in California, which was where | was laounched.

born, designing rocket motors. And ) f

then we came East to Virginia so Dad I've referred

could work at a small company on the

Saturn V and the Apollo Lunar Excursion fo my.self asd

Module, the LEM. Sputnik baby.

In 1967 we moved to the Philadelphia area
where he worked in the defense aerospace
business. | never really learned much of what he
did because a lot of it was classified, weapons and stuff.
But from time to time he would work on these really crazy

www.RocketSTEM.org
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things. Like ocean based farms to grow giant sea kelp
for advanced energy production or sometimes some
NASA projects.

He came home one day with a pack full of Apollo
astronaut food that he wanted my sisters and | to
see. He'd been working on better ways to package
it. Then one time | remember he brought home some
experimental methods of attaching Space Shuttle tiles.
This was while the Space Shuttle was being designed,
before it ever flew the first fime. They were frying to avoid
using glues, but the final design ended up going with
an adhesive. There were a number of really interesting
projects like that. He had a patent on an extendable
boom to rescue astronauts in the event their tethers
broke. Just a really interesting mix of things.

When | went to college | studied physics at a small
liberal arts school in western Pennsylvania. | became
interested in satellite communication because of some
of the inferests that my professor had. He was a ham
radio operator and he wanted to design an antenna
that could frack the OSCAR satellites as they went
overhead. So that was one of my projects when | was
in college. | came up with a system that would use
common felevision antenna gear to frack a satellite.

At the same time, the microchip had just become
practical. | wouldn't say powerful, but useful. This was
1977 or so and | had played with them making the
satellite communication controllers plus a few other

things. My idea for a career was that these chips

were going to be very popular and

since National Cash Register, NCR,
was just down the road | wanted

to work there designing cash
registers. That was my goal.

would work My mistake was that NCR
was hiring  electronics

on these really
engineers, not physicists.

crazy things. " ended Up  going
Like ocean based with my second choice,

which was aerospace.
farms to grow

| was offered a job

. at  General Electric
giant sea kelp
for advanced

My father

working out of
Philadelphia and Valley

Forge, Pennsylvania. |

energy spent 10 years working for
. GE in Pennsylvania, until one
produc’rlon. day | was working on what

was then called ‘Space Station

Freedom’ and NASA made me an

offer | couldn’t refuse. Within a couple

of weeks | was working at NASA Goddard Space Flight
Center on the space station in Maryland.”

Since going to work for NASA, you've been involved
in the development of more than two dozen satellites
and other spacecraft?

ADAMS: “lI remember when NASA put that factoid
together the count was 26. It's probably gone up now,

but that's right. Many, many communication satellites.
Some pieces of the Space Shuttle, the kitchen and
the waste collection system. I've got some really funny
stories about the Space Shuttle toilet. Let's see. Some
military systems. Some international collaborations. |
worked on the Upper Atmosphere Research Satellite,
if you remember that. It was up there for years and
years. Various versions of Landsat, the Wind and Polar
satellites, those were space physics missions looking at
the sun, as well as GOES weather satellites. The Earth
observing system Aura spacecraft was also one of
mine. STEREQO, the pair of spacecraft we launched to
image the Sun's coronal mass ejections in 3D, | worked
on that. | don’t know that | can list them all. And then
| got into planetary science, where | was privileged to
be a part of Dawn, MESSENGER, Phoenix, Juno, GRAIL,
MSL and LADEE.”

Luo
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Then NASA Deputy Director of Planetary Division Jim Adams, center, and NASA Administrator Charles Bolden, right, review incoming data during the countdown to

launch of the twin GRAIL spacecraft in 201 | at the Cape Canaveral Air Force Station.

While working for NASA, you've been involved in
the development of several different systems to power
and to propel a spacecraft around the solar system.
What are some of your favorite technologies?

ADAMS: “The Dawn spacecraft uses an ion propulsion
that puts out a steady stream of xenon ions which
slowly changes the velocity of the spacecraft. It's an
extremely efficient way of executing propulsion if you
have the system right. Because it is so mass efficient
we were able to actually send one spacecraft to two
different destinations in the asteroid belt. Dawn visited
Vesta in 2011 and is now on its way to arrive at Ceres
in 2016. If we were using conventional propulsion —
chemical propulsion — we would not have been able
to launch asingle satellite to both of those destinations.

Radioisotope power systems, those are the things

Credit: NASA/BIll Ingalls

that have been used since the Voyager days that
take the heat generated from the radioactive decay
of plutonium 238 and make electricity. Then that
electricity is used to run the spacecraft. Voyager uses
one and that's why we are still talking to Voyager today,
because it is sfill chugging away and making power
that allows us communicate with the spacecraft.

Two years before | joined the space program NASA
launched Voyager 1 and 2. They are a little bit older
than my career. An amazing factoid is that just now,
after 37 years of fraveling to the outer reaches of our
solar system, they are reaching what some people call
the edge of the solar system. It is the edge of space
where the pressure from the gases released from our
Sun is roughly equivalent to the tenuous pressure of the
inter-stellar wind. But that point is just five percent of
the way to the outer reaches of the Sun’s gravity. The
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Sun’s gravity goes much, much further out.
Twenty fimes further out than Voyager has
been is this region that we believe is the Oort
Cloud. Those are the leftover pieces of the
earliest formation of our solar system and the
birthplace of many of the comets we see.
We live in a vast place.”

After 37 years of tfraveling to
the outer reaches of our solar
system, they are reaching
what some call the edge

of the solar system. But that
point is just five percent

of the way to the outer
reaches of the Sun’s gravity.

From being involved with developing and
utilizing new technology for science missions,
it was no surprise that you moved up to the
position of Deputy Director of the Planetary
Science Division at NASA Headquarters, only
to then later be promoted to the position
of the Deputy Chief Technologist for all of
NASA. What exactly does the Deputy Chief
Technologist do?

ADAMS: "What we do in the office of the
Chief Technologist for NASA is we look at
the goals of the agency. For example, we
want to put humans on Mars in 2035. That is
one of the things the President has asked for. We want
to find all the asteroids that could threaten human
populations here on Earth. That's another thing the
President has asked for. We look at our entire bag of
tricks, everything from ion propulsion and radioisotope
power systems, to advanced communications, sky
cranes and rockets and such. We say to ourselves
‘what are we going to need in 2035 in order to make
‘boots on Mars' happen?’

The job of the Office of the Chief Technologist to
make sure that the dollars we invest in technology stay
well aligned with the objectives of the agency. That's
a difficult job because we don’t actually control the
dollars. What we do is we influence the investment
of the dollars. The other mission directorates, like the
Human Exploration Mission Directorate, is investing
technology dollars in what they believe are the right
places so that NASA can accomplish the goal as well.
We work with them making sure that the investments
we're making are the most effective so that when
General Bolden (NASA Administrator Charles Bolden) is
in front of Congress and says ‘Yes, we're on track to put
humans on Mars in 2035," that it will become a reality.”
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Jim Adams has been involved with the development and launch of more than two dozen
spacecraft during his career at NASA.

Credit: Nicole Solomon

Of course getting to Mars depends on more than
technology. It also requires a Congress and President
who support the project and give NASA the financial
resources through its annual budget that will allow
NASA to reach those longterm goals. Something that
you and the rest of the employees at NASA understand
all too well as part of the process.

ADAMS: “Yeah. That has very little to do with my
career. | think it is important for readers, especially
of RocketSTEM, to understand that it is a privilege
for anybody to work for NASA. And that what we
are doing is helping to make history for the United
States, and for the world at large. Often that involves
some rather heated and certainly public debate.
I think the public is entitled to that debate. People
have opinions on what we ought to do, and it's not
easy coming to those decisions. | feel pretty strongly
that even though sometimes the debate may look
ugly, it's worth having. That's just a bit of Adams’
philosophy.”

Some people may feel that NASA has two distinct
divisions—amanned and an unmanned space program

ye
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- but from your viewpoint they are a complementary
necessity if humans are to reach out and touch the
stars one day.

ADAMS: “We did not send humans to the Moon without
robotic precursor missions. People tend to forget that
we sent the Ranger and Surveyor missions to the Moon
first. The first lunar landers were robots. They were crude
robots, but they told us about the surface and what
we could expect. We could might not have been
successful on Apollo if we had not sent robofs first.

Today, robots are a lot more capable. You look at
what Robonaut can do, or the Curiosity rover, or one of
our spacecraft in orbit around Mercury or Mars, or the
New Horizons probe on its way to Pluto. Or even the
satellites we have orbiting the Earth. Those are allrobots
today. They are unmanned and much more capable
than the early ones that we launched. However, they
are still robots. They don't carry the cognizance and
the presence the human being does.

As an example, Spirit and Opportunity
are the two rovers that landed using
airbags on Mars in January 2004.

Spirit lasted seven years even
though it was designed for 90
days. And Opportunity is sfill
going. Yet, Steve Sqgyures,
the principal investigator
forthose missions, said that
everything those rovers
accomplished could
have been accomplished

by humans on the surface

of Mars in about a week.
And so it's an important
thing fo remember that
robots are still robots. There is
nothing that beats the presence

of a human brain in order to make

judgments and decisions on the spot in

a new environment. That's the first reason why

| think we need to see a blend of robots and humans.

The second reason is | really believe it is humanity's
destiny to move off this planet. We aren’t going to do
it without the help of robots. Humanity someday will
move toward the stars. We've started already, we
have a constant presence in space with human beings
aboard the International Space Station. | am hopeful
that very soon we will have a constant presence of
human beings deeperinto space. We have to conquer
a lot of things in order to be able to do that. Like living
in space with the radiation, and being able to move
around and communicate back home, and deciding
what to do when you are short on resources, and that
sort of thing.

But in fact, | believe human beings someday will
be living on Mars and looking outward into the solar
system wondering how they could put a space station
in orbit around Saturn or Jupiter ... and ultimately

| believe human
beings someday will be living
on Mars and looking outward of
into the solar system wondering
how they could put a space
station in orbit around Saturn or
Jupiter ... and ultimately journey
to the closest star.

journey to the closest star to explore the worlds that we
are now just finding exist around those. | think we need
both. Because | don't believe as humans we will ever
be able to accomplish our destiny without the aid of
robots. And | don't believe it is an accomplishment for
humanity fully unless we send ourselves.”

With colonizing Mars and eventually journeying
to the Stars the ultimate goal, is the need for new
propulsion systems greater now than at any point in the
last three decades?

ADAMS: “I think that's right. We need forward thinkers.
We need people that can conceive of ideas, run
experiments and decide that this is a viable new way
of looking at things. We need physicists that are going
to challenge the fundamental laws of physics and
say ‘well is warp drive possible2’ We need people be
thinking about that without getting laughed out of a
room. | think it is possible that people could at least
begin to contemplate those sorts of ideas.
And along the way we'll learn stuff.
We may not ever accomplish warp
drive, but along the way we will
learn about moving around
the solar system.”

With the convenience

modern technology,

answers to almost any

question are just seconds

away via a web search.

The need to understand

how something works and

to be able to fix it yourself

is becoming a rarer ftrait in

today’s disposable economy.

Encouraging children to learn

problem solving skills may be

harder now than at any time in the
past, but why is it still a necessity to try?

ADAMS: “| think one of the most important lessons for
a child today is what happens when the cell phone
doesn't work? What do you do? What is a pay phone?
Or if the microwave ceases to function, how do you
cook on a stove? You ask these questions and people
come to appreciate the technology in their lives. | think
there will be a few, not everybody, but a few that will
want to know how that works.

| believe most human beings are curious and it
is just a matter of catching the kids at the right age
and ask wouldn't you like to know how your Nintfendo
DS actually functions? It's fun playing the game but
how about if you wanted to be part of the team that
designs the next game system? | think that challenges
people. How would you get by if you didn't have the
technology? And what do you think you need to know
if you want to help make the next one? Those | think are
valuable questions for kids.”
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Curiosity is just the first step to pursuing a career
in space exploration, whether it be from terra firma
or from the zero-G environment of space itself. What
is your advice for those dreaming of going into space
themselves?

ADAMS: “Two things. In the short term if you want to
be an astronaut for NASA, make sure you study math,
science and engineering. It is incredibly important. It
develops the discipline of thinking that is extiremely
helpful for people who want to be astronauts. Which
by the way I should go on record as saying | am not an
astronaut, but | know a lot of them.

Jim Adams speaks during a news briefing to discuss the Dawn spacecraft's year-
long visit to the asteroid Vesta, the first prolonged encounter with a main belt
asteroid and the first trip to a protoplanet. Credit: NASA/Paul E. Alers

Second is as humanity moves further out into space,
beyond just astronauts, but the general populace
as people begin to go to hotels orbiting the Earth on
vacation, all kinds of people from diverse backgrounds
are going tfo be needed. Everything from operations
specialists, to construction engineers who operate
things in space and construct things in space, to hotel
stewards, and police officers, and cooks and cleaners.
Everything that you can image that is in society foday
will be contained in a microcosm if you have even a
low Earth orbiting hotel for tourists. What | really see
happening is the tools necessary to go to space will
be enabled by the opening of the commercial space
industry, especially space tourism.”

When it comes to memorable moments, you don't
really seem to need time to reflect and rank moments
do you? What are the most exciting paris of every
space mission?

ADAMS: “Anytime | see something take off. Any launch.
Even if its not mine.

The launch of the STEREO mission in 2006 was
extremely poignant for me, because of just how hard
everyone had worked to get those two satellites to
Kennedy Space Center, then on the Delta to launch,
and just how outrageously successful they were. Itis the
effort and the energy and the intention of people, a
team, that goes into those machines that ride on top
of the rocket. At the launch you remember everybody
and everything that brought you to the moment of
overcoming Earth’s gravity. As soon as the flames start
at the bottom of the rocket, you realize there is not

Investment in space creates
innovation that allows us to have
things like cell phones, lasers,
lightweight blankets, advanced
materials, and a variety of robofics.
The list just goes on and on. |
believe that NASA is crucial to the
advancement of technology right
here on Earth, even though we're
working on things in space.

anything you can do anymore. It's like watching your
child go off to college. It is on the ride, alone. You hope
you raised it well and along the way you might get to
help it make a course correction. The launch just brings
everything you've done fo a head.

Then getting the data back. Once the mission unfurls
its solar array, gets to its destination, and we actually
start to see the data from the mission accomplishing
what it was supposed to do in the first place, whether
it is looking for water on Mars, or mapping Mercury, or
surveying the vegetation canopy on the Earth. That's a
moment where you begin to understand that all that
effort you put info it became not only a moment in
history when you launched it, but now that the data
is coming back you are adding fo the body of human
knowledge about the world that we live in. We begin
to be able to understand where we came from as a
race, or where we are going as a society, or maybe
even whether or not we are alone in the universe.”

During the past five decades, technologies

un
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developed by NASA have led to many advances
here on Earth, including some that we now take for
granted in our everyday life such as cell phones and
fire-resistant clothing. Informing the general public of
these ‘spinoff’ technologies isn't always the easiest
thing, but one that NASA tries to do anyway.

ADAMS: “There is a book we put out each year called
Spinoffs. The 2013 book just came out. It is an amazing
book of NASA in yourlife. Things that NASA has invested
in for missions that have direct application right here
on Earth. The innovation that NASA brings to bear
on accomplishing these exiremely hard missions —
landing a ton of robot on the surface of Mars safely, or
getting to be able to sense the ozone layer and watch
it open and close, or keep human beings in space
for six months at a tfime - those are exiremely hard
problems that require a great deal of fresh thought
and innovation. When we think that way there’s
always stuff that applies to our lives here terrestrially
on Earth. That innovation primes an economic pump
that creates businesses and sub economies here on
Earth that pay dividends many, many times over.

Investment in space creates an economy here on
Earth of innovation that allows us to have things like
cell phones, lasers, lightweight blankets, advanced
materials, and a variety of robotics. The list just goes
on and on. | believe that NASA is crucial to the
advancement of technology right here on Earth, even
though we're working on things in space.

You can get a summary of these innovations via
an app in the iTunes store for your iPad and iPhone
called NASA Spinoffs. You can download it and read
the NASA spinoffs for yourself.

I'd also pose a thought question for people. Think
about what it would be like if there was no NASA.
If there was no NASA where would that spirit of
innovation come from?% How would we begin to think
about ourselves as a nation, earthbound, constantly
looking at the stars and wondering what's out there?
I think the investment that the United States public
sacrifices to make in NASA is worth every dime of
it. And we need to spend it wisely answering those
fundamental guestions: Where did we come from?
Where are we going? And are we alone?”

Spinoff 2013 shows how much space is in our lives

Water Afiltration bot-
tles, comfortable car
seats and remote medi-
cal monitoring devic-
es all have one thing
in common -- they dall
have benefited from
NASA technology.

These products are
featured in Spinoff 2013,
an online publication
now available that
highlights commercial
products created us-
ing NASA-developed
technology, including
some developed at the

NASA-developed space technologies benefit those of us here on Earth. Credit: NASA

efits. Spinoff 2013 feao-
tures stories about some
of these technologies,
including a wind furbine
that could one day be
used fo provide energy
for a human exploration
mission on the Red Plan-
et, and is being used
today in harsh environ-
ments here on Earth.
New fo Spinoff this
year is a section called
“Spinoffs of Tomorrow,”
which showcases 18
NASA technologies
currently available for

agency'’s Jet Propulsion
Laboratory in Pasadena, Calif. Also
featured in the 2013 edifion is an air
purification system that can sustain
miners in the event of a disaster, a
solar-powered vaccine refrigerator
saving livesinremote areas through-
out the world, and a powerful heat
shield used on the first commercial
spacecraft to successfully achieve
orbit and return to Earth.

“NASA develops technologies to
push the boundaries of what's pos-
sible in space, but those same tech-

nologies also make life better here
on Earth,” said Daniel Lockney, NA-
SA’s Technology Transfer program
executive. “Spinoff 2013 is filled with
examples of how NASA technology
benefits our lives every day.”

NASA has along history of transfer-
ring technologies from their original
mission applications to secondary
uses. For example, Mars continues
to be arich destination for scientific
discovery and exploration, and NA-
SA’s missions there have inspired a
variety of practical, terrestrial ben-

licensing and partner-
ship opportunities.

NASA's Technology Transfer Pro-
gram is charged with finding the
widest possible applications of
agency technology. Through part-
nerships and licensing agreements
with industry, the program ensures
NASA's investments in pioneering
research find secondary applico-
tions that benefit the economy, cre-
ate jobs, and improve quality of life.

Spinoff 2013 is available online at:
http://spinoff.nasa.gov/.
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NASA testing
sSuUpersonic
parachute

By Brenden Clark

Force equals mass times acceleration — or in the case of
NASA and JPL planning for a landing on Mars — deceleration.
JPL is currently in the testing phase of the LDSD (Low-Density
Supersonic Decelerator) for future, larger load frips to the
Red Planet. The current limit of parachute and deceleration
technology has been reached with the most recent rover
programs, Curiosity being the largest at about the size of a
small SUV. For the future, we need fto be able to land much
larger objects on Mars safely so that we can build habitats for
the first manned missions. This first step in increasing payload
options is a small step, only increasing the payload from the
current 1.5 metric tons to 2-3 metric tons. But considering the
current deceleration system is the same one we've been using
since the Viking days forty years ago, it's time for an upgrade.

The larger the mass, the greater the force needed to slow it
down. The engine of that force is friction or “atmospheric drag”.
While Mar's atmosphere is much thinner than our own, it does
exist. And so JPL is working on much larger parachutes. The
larger the parachute, the more surface area to create more
friction and deceleration.

It seems like such a simple thing; just build a bigger parachute.
Well, sadly, it's not. The parachutes JPL needs to build and
test are too big for wind tunnels and so they have to work out
inventive and complex ways to test the new chutes and make
sure they work out any flaws.

The first test involves flying the parachute, attached to a line,
over a kilometer above the ground via helicopter, releasing
the parachute where a rocket sled explodes to life, pulling the
parachute back down to ground at great speed and force.
And it's a good thing JPL is testing this, as the first run through
showed a flaw when the parachute split open on one side.

But the parachute test is only half of the LDSD program.
The other half is the first stage of deceleration, the inflatable
aerodynamic decelerators. Basically a large ballon structure
inflates around the circumference of the payload, sort of like
a donut ring or inner-tube that increases the surface area of
the payload, causing more friction. This first stage is projected
to slow the payload down from Mach 3-4, down to Mach 2
when the parachute deploys, further slowing the vehicle down
to subsonic speeds.

The two stages together will be tested next month in Hawaii
and if every everything goes well, there are hopes that they
will be ready for missions starting in 2018. Click the link to watch
video of the test: www.youtube.com/watch2v=h1NtQJ59kM.
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With larger robotic probes and
even humans one day being sent
to the surface of Mars, NASA is
hard at work on the Low-Density
Supersonic Decelerator Project to
develop new ways to safely land
on the Red Planet. A | 10-foot
diameter parachute (above) and
an inflatable decelerator (right)
are being test at JPL.

Credit: Brenden Clark
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One million strong:

Zooniverse enables anyone
to participate in science

By Amjad P. Zaidi

The advent of faster, digital data capture and
processing has been a boon in astronomy but created
a problem of oo much data to analyse with too few
professional astronomers.

In July 2007 University of Oxford based astronomer
and BBC Sky at Night presenter Chris Lintott and a
team of astronomers from the University of Oxford
tackled this enviable problem. Their goal was to detect
the positions and classify the morphology of a million
galaxies captured from the Sloan Digital Sky Survey
(SDSS) in New Mexico,
and compare those to
their positions in the early
universe. This would build
a picture of the universal
expansion of galaxies in
the 13.7 billion years since
the Big Bang.

The solutions were to
crowd source the problem
and release this data to
the public. The Sloan data
sets were made available
online for volunteers. Their
task: to sort, classify and
examine fthese individual
galaxies into distinct types
mergers, warped and spirals).

This small online citizen science project was named
Galaxy Zoo. Unexpectedly, the overwhelming volunteer
response to the project made it incredibly popular,
with global input contributing to the wealth of real
scientific discoveries through real research. Over 70,000
classifications were received each hour within 24 hours
of Galaxy Zoo's launch, with multiple independent
classifications verifying the results. By the project’s first
birthday over 150,000 volunteers had contributed to
over 50 million classifications.

Discovering the strong uptake of interest in citizen
science and delivery of scientific results, Lintott and the
Galaxy Zoo team saw an untapped reserve of global
talent to leverage for use in citizen science projects.
The Citizen Science Alliance was born and Zooniverse
was created shortly after.

Compiling dozens of projects maintained and
developed by the Citizen Science Alliance partners,
Zooniverse focuses a global network of talented

(e.g. disks, ellipticals,

Image #1: Map of the global Zooite community. Credit: ttfnrob/Zooniverse

volunteers in sifting through the massive amounts of

collected data. Essentially this approach has sped up

the rate of scientific discovery and saved hundreds of
years of human effort through global cooperation. As

a result the benefits assist scientists and researchers in

achieving many science goals and discoveries that

would otherwise take years with less human analysis and
pattern recognition. Furthermore the data analysed
from a variety of projects has led to the publication of
over 50 scientific papers. Primarily, academic research
is the main goal of all Zooniverse projects. As a hugely
posifive side effect, the
enlistment of a global
community  of  cifizen
science volunteers has, by
its very nature, supported

STEM outreach for formal

and informal education.
Today, almost 30 citizen

science projects  exist
in  Zooniverse. Uniquely
these all need the active
participation of human
volunteers to complete
research  tasks  across
many disciplines such
as astronomy, ecology,
nature, cell biology, humanities and climate science.

As of February 2014 there are over 1 million registered

volunteers in the Zooniverse community (see image

#1) who are known as “Zooites” working on projects

in many languages. There are over 17.7 classifications

per minute by volunteers across all these fields showing
the vast power of citizen science. The spread of globall

Zooites is clear.

Among the active space themed projects are:

e Galaxy Zoo (Launched 12 July 2007). The latest
Galaxy Zoo project. Users view galaxy images and
are asked questions to determine its morphology. The
current sample includes high red-shift galaxies taken
from the Hubble Space Telescope and low red-shift
galaxies from the Sloan Digital Sky Survey.

* Moon Zoo (Launched 16 February 2009): High
resolution Lunar Reconnaissance Orbiter photos
of the Moon’'s surface are used for detailed crater
counts and mapping lunar rocks ages.

* Solar Stormwatcher (Launched 21 December 2009):
Video imagery data from the twin STEREO spacecraft

www.RocketSTEM .org
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are used to track the formation and evolution of
Coronal Mass Ejections.

The Milky Way Project (Launched 7 December 2010):
Spitzer & Herschel Space Telescopes data are used
to infer regions where early stages of star formation
are occurring.

Planet Hunters (Launched 16 December2010): Zooites
identify extra solar planets from the light curves of star
data recorded by the Kepler Space Telescope.

Planet Four (Launched 8 January 2013): Mars
Reconnaissance Orbiter images of the surface of
Mars are reviewed by volunteers, classifying fans and
blotches caused by gas and geysers under CO2 ice.

¢ Radio Galaxy Zoo (Launched 17 December 2013):
Zooites identify radio waves of astrophysical jefs
powered by accretions onto a black hole.

Disk Detective (Launched 30 January 2014): NASA's
WISE telescope data is analysed to identify dusty
debris in the Milky Way that indicate stars forming
planetary systems.

Sunspotter (Launched 30 January 2013): Zooites
examine sunspotfs and rank them according fo
complexity, to understand their evolution and how
they produce eruptions.

A full exploration of each of these projects and
others not listed would take up several volumes of this
magazine. Instead, here is a preview of two of the
citizen science projects above that you can directly
confribute to and play a big role in.

Our story in starlight:
Galaxy Zoo

“In many parts of science, we're not constrained by
what data we can get; we're constrained by what we
can do with the data we have. Citizen science is a very
powerful way of solving that problem.” - Chris Lintoft

Image #2 Results of citizen science outreach.  Credit: Kevin Schawinski/Galaxy Zoo

The long running Galaxy Zoo is now info its fourth
incarnation. With a minimum of a seplfillion stars in the
observable universe (that's approximately 1 followed
by 24 zeroes), there will be many more incarnations
of this long lived project to come. By having multiple
volunteers come to independent conclusions on the
type of galaxy observed, a built in cross check enables
a high level of confidence in the results. This further
allows scientists and researchers to more finely target a
test population of spiral galaxies, merger galaxies and
other types using the classifications made by volunteer

Zooites. Examples of some of the successfully classified
galaxies by Zooites are shown in image #2.

At the fime of Galaxy Zoo's inception in 2007 and
faced with classifying over a million galaxies, the
team found that about 70% of galaxies were classified
correctly by computers, but the 30% of incorrect
classifications were never known. Some computer
programs have been unreliable when it comes to
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Image #3:Tuning the volunteers in via Hubble’s classification of galaxies.
Credit: STScl

classifying galaxies. Another member of Galaxy Zoo,
Kevin Schawinski recognises the advantages humans
have over computers; “the human brain is actually
much better than a computer at these pattern-
recognition tasks.”

Due to the data deluge problem created by modern
data collection methods, it would take years for
astronomers to sift through the entire set of results but
with even as few as 10,000 to 20,000 volunteers giving
time to classify galaxies, this process could be finished
within months. By more speedily classifying the types
of galaxies observed, their shapes tell the tale and the
history of each galaxy’s lifetime.

The key aspect of Galaxy Zoo (and indeed any
Zooniverse project) is that no previous subject matter
expertise is needed. Simple tutorials are included on
the site guiding volunteers with previously worked
examples. Once registered, volunteers can begin
accessing the vast amounts of images captured by alll
the telescopes Galaxy Zoo employs. The vast majority
of these are allrobotic, as is the subsequent automated
processing. The first Galaxy Zoo referred to astronomer
Edwin Hubble's famous “Tuning Fork Diagram” (as seen
inimage #3) as a simple guide for galaxy classification.

The successful results from the first Galaxy Zoo
allowed the founders, astronomers and scientists to win
valuable observing time on some of the most powerful
telescopes in the world. Galaxy Zoo discoveries have
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been followed up on the
Isaac Newton and William
Herschel Telescopes on the
island of La Palma in the
Canaries, Gemini South in
Chile, the WIYN telescope
on Kitt Peak, Arizona and
the IRAM radio telescope
in Spain’s Sierra Nevada.
Galaxy Zoo has also won

blue stars are the “rock
stars of the cosmos” as they
live fast and die young,
burning up their fuel in only
100 million years or so.

The third project, Galaxy
loo: Hubble involved
Looites looking back to the
distant past. Drawn from
Hubble surveys, the light

precious observing time from galaxies billions of
and gained dafta from years old was compared
orbiting space telescopes to light from galaxies now
including Swiff, GALEX, to determine the footprints
Chandraq, XMM-Newton that influence their shape
Suzaku and perhaps most and growth (active
excifingly the Hubble Image #4:A montage of volunteers’ classified overlapping galaxies. black holes, mergers, star
Space Telescope. Thus, Credit: Galaxy Zoo Forum formations).

in addition to the original

SDSS data there are high chances that volunteers will
be looking at remote galaxies and parts of space never
seen before by human eyes.

The second and third iterations of Galaxy Zoo further
extended the range of surveys and what was asked
of the Zooite population. More detailed observations
and classifications were made; Galaxy Zoo 2's survey
generated over 60 million classifications in 14 months.
Colour observations of galaxies were made which
deduced recent star formation history. For example

The current and fourth
iteration, Galaxy Zoo: CANDELS adds the most up to
date and distant images of our local cosmos fo the
mountain of available data than ever. In addition to
images from Sloan, Hubble's newest Widefield Camera
3 installed during the Shuttle Atlantis’ Hubble Servicing
Mission 4 (STS-125), has provided data for the CANDELS
(Cosmic Assembly Near-Infrared Deep Extragalactic
Legacy) survey. Zooites can look back into history
farther than before.

Installed in 2009, the Widefield Camera 3 (WFC3) is

Image #5: But for the absence of gravity, astronaut Andrew Feustel, perched
on the end of the remote manipulator system arm, would be a bit top heavy
as he helps to install the Wide Field Camera 3 (WFC3) during a May 2009
spacewalk to upgrade the Hubble Space Telescope. Out of frame is veteran
astronaut John Grunsfeld, his spacewalking crewmate. The pair kicked off
five back to back days of extravehicular activity for the STS-125 crew.
Credit: NASA
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a highly sensitive camera able to peer deeper info the
depths of space and through galactic dust at infrared
wavelengths. Surveying wider fields of view during
the CANDELS program, never before seen pictures of
distant galaxies have been obtained. These are far
older and more distant than anything seen before.

Theinfra-redimagesare very differentfromthose taken
in the visible light spectrum showing distinctive hidden
structures of these galaxies (see image #6). However
there are so many pictures available from the CANDELS
Survey that Zooites have been called upon again for
their help in closely inspecting and classifying them. The
advantages of global citizen science outreach can be
leveraged again with built in independent cross checks
in classifying newly discovered and far distant galaxies.
The Zooite community is instrumental in adding to our
sum knowledge of the observable universe.

Serendipitous and unexpected discoveries lie at the
heart of each Galaxy Zoo project. Undoubtedly one of
the most surprising and now famous discoveries made
in recent years was by a volunteer citizen scientist and
classifier, a Dutch school teacher called Hanny Van
Arkel. Going beyond the obvious classifications that
would have been made by an automated computer
programme, Ms Van Arkel spied an unknown object
below her target classified galaxy 1C2497. She alerted
the Galaxy Zoo team to this discovery, now named
“Hanny's Voorwerp”, and they immediately began
fo observe this mysterious green object with other
colleagues and even employed the Hubble Space
Telescope itself (see image #7).

The conclusion was that this object is an intensely
hot cloud of gas of around 50 thousand degrees Kelvin
but rather puzzlingly with very few stars. The hottest
stars are very young, probably only a few million years
old and lie at the top most and brightest part of the
cloud, closest to IC2497. Coincidentally this part of the
“voorwerp” or green cloud lies on the trajectory of
outflowing gas from IC2497 seen by radio telescopes,
so it has been theorised that the star formation in the
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Image #6: Older, distant and ‘hidden’ galaxies. Credit: NASA/Boris Haeussler

cloud has been from the interaction of outflowing
gases from 1C2497 and Hanny's Voorwerp too. But
what of the cloud itself?

Data from Hubble has been analysed and suggest
a traumatic merger of two or more galaxies formed
IC2497 perhaps a billion years before our current view.
Out of this, a colossal tail of gas stretched a million light
years around 1C2497. During this fime material rapidly
accreted around the new galaxy's central black hole,
enough fo form a quasar. This illuminated and ionized

Image #7:A Zooite discovery and a mysterious object: Hanny's Voorwerp
which can be seen below spiral galaxy IC2497.
Credit: NASA/ESA/W. Keel/Galaxy Zoo Team/Hubble Space Telescope

the gas creating the Voorwerp cloud. A million years
ago, it blew the material adrift as the galaxy core
began to fade. The Voorwerp is now a castoff, a ghostly
survivor of the past.

This story illustrates the power of outreach and citizen
science. One person’s serendipifous discovery has
directed the attention of world astronomers, scientists
and marshalled their tools to examine an object that
would otherwise have been missed if we relied solely
on computers. The community of Zooites has many
more discoveries to be found.

This global community of citizen scientists can
connect with the project team leaders on their blog
(http://blog.galaxyzoo.org/), in Google + Hangouts
and Twitter (@galaxyzoo). There is also a Galaxy Zoo
forum available for everyone to discuss any and all
topics (www.galaxyzooforum.org/). Talk Galaxy Zoo is
another place for Zooites to gather share and discuss
their data (http://talk.galaxyzoo.org/). More universal
mysteries than we know are being gathered, more
qguestions are being asked about the history and
evolution of galaxies and the stars within. You could
be one of those million or so volunteers helping and
find the answers and solve mysteries as old as the
cosmos itself.
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Strange new worlds:
Planet Hunters

“... the ways by which men arrive at knowledge of
the celestial things are hardly less wonderful than the
nature of these things themselves” — Johannes Kepler

Perhaps the most exciting and fast growing field
in the space sciences is that of exoplanetology.
This is the search for worlds other than the eight in
our own solar system (sorry Plutol), orbiting distant
stars. This interdisciplinary field mixes astrobiology,
astrophysics, astronomy, planetology, geochemistry,
astrochemistry and astrogeoclogy in the effort to
find so called "exoplanets”. Multiple planet hunting
and detection methods have been developed and
refined, and these are listed in image #9. This image
lists the multiple detection methods (top left) and
shows how the transit method has greatly increased
the number of detections - far right bar. The “transit
method” has recently contributed greatly to the rate
of exoplanet discoveries as seen during the “Kepler
Planet Bonanza” announcement in February.

As of May 2014, NASA's Exoplanet Archive reports
there are 1,713 confirmed planets. 443 star systems
have multiple planets. The Kepler Space Telescope
has 3,845 candidates and 962 confirmed exoplanets
making it responsible for 56% of all confirmed

discoveries to date.

Most excitingly there are 21,267,575 Transit Survey
Light Curves. These are the results of exoplanet
searches by astronomers via photometric transits of
potential planets around host stars. The number of
detections by this “transit method"” has explodedin the
first quarter of 2014 as seen in images #8 and #9. This

Image #8: The blue bars show those exoplanets known by size before the
Kepler Planet Bonanza announcement earlier this year. The gold bars show
Kepler's newly verified planets. Credit: NASA Ames/W Stenzel

has vastly outstripped the combined discovery rates
of the last 25 years. The inferred conclusion means that
there are billions of worlds in our own galaxy, many
of which could be capable of supporting life, and
just perhaps many where life may have developed
just as it has done on Earth. Astronomers dating back
to antiquity have long held this view. Extending this
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Image #9: Exoplanet detection methods. Credit: NASA’s Exoplanet Archive

supposition further, the search for exira-terrestrial
intelligence is another related and attractive field.
Intelligence seeks out intelligence.

The Kepler Space Telescope was launched in March
2009 to look for exoplanets by using the transit method.
Kepler stares at the Cygnus constellation in its Field of
View every thirty minutes looking for such transiting
planets that slightly dim their parent star’s starlight, as
viewed by the space telescope. Smaller planets similar
to Earth’s size will dim their parent star’s brightness only
slightly. Larger planets also known as “Super Jupiters”
will also dim their parent’s star’s brightness but not as
much as a smaller Earth size planet would.

These time series “snapshots” of changing brightness
in these stars are called “light curves” and data for
over 150,000 stars is sent to Earth regularly. The light
curves provided on the Planet Hunters site are publicly
available from the Kepler mission.

Clearly, the huge amounts of precise data coming
from Kepler have awed astronomers and needs to
be analysed. Rooms full of super computers could
do the job efficiently and quickly, but limited by their
programming, can also miss the non-standard signs of
an exoplanet or its cosmic footprints.

Building on the success of Galaxy Zoo, the talent for
a large global resource of human pattern recognition
was recognised once more. A new Zooniverse project,
Planet Hunters was conceived in collaboration with
Yale University.

A simulation of a light curve is shown in image #10.
This uses a star about the same size as our Sun and
different sizes of planets that pass in front of that star.
The distributions of white dots represent uninterrupted
starlight, as if no planets were fransiting in front of
that star. However, what would happen if a planet
the size of Jupiter would pass in front of that starg The
light would noticeably dip for the period that planet
was in front of that star, as seen by the dip of the
blue dots over a day and a half of observation. This
is shown to scale as a Jupiter size planet 11.2 fimes
Earth’s diameter and a tenth the diameter of the Sun.
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A Neptune sized planet, 3.9 times the radius of Earth,
would sfill block some starlight but not as much as
represented by the distribution of green dots. An Earth
size planet would decrease the starlight by a fraction of
an amount as seen by the distribution of red dofts. This is
an imperceptible difference to the untrained eye and
less sensifive telescopes, but with the advent of Kepler
and refined data sifting methods, finding near Earth
sized worlds is becoming more frequent.

You can also simulate this tfransit method at home by
taking different sized balls and passing them in front of
a lit bulb (but wear sunglasses!). The light emitted from
the bulb will dip by varying amounts according to the
size of the ball passing in front of it and the length of
time the ball takes to pass in front of the bulb.

Human pattern recognition is being relied upon
to spot those patterns in the Kepler data that have
been missed by the computers back on Earth. Firstly
volunteers are being asked to check for data offsets
that look like errors that could be corrected. Secondly,
volunteers can check for variability in star data, i.e. if
a star’'s data looks scaftered but constant, or if there
are cyclical variations in the star. Lastly, volunteers can
highlight any “transit events” they have found in the
Kepler data which will look like low points or a low spike
in a data set.

As a registered volunteer citizen scientist you can
corroborate observations along with other volunteers
and claim credit for your own discoveries on Planet
Hunters (see image #11).

Already we have begun to see a large increase in
the rate of discovery of worlds closer to our own solar
system, hence the need for a united Earth of citizen
scientfists.

The race is on between man and machine. This is
a great experiment for an interconnected human
super computer of voluntary citizen scientists versus
the inferconnected machine super computers. The
goal is fo see which side will find the most exoplanets.
Planet hunting volunteer citizen scientists can interact

1.010 :
1.005 . .

Neptune (3.9R.)

S 10 15 20 25 30
Days from begirmirng of Quarter

Image #10: Light curves explained for finding an exoplanet.
Credit: The Zooniverse

planethunters.org

CLASSIFY LOGIN ABOUT- CANDIDATES TALM TUTORIAL- MORE- QOO

Image #11: Perhaps you can help discover the next exoplanet from real
Kepler data. Credit: www.planethunters.org

and share ideas at Planet Hunters Talk (http://talk.
planethunters.org/). Actively involving volunteer citizen
scienfists in real research will enhance our knowledge
of the universe and our place in it. The ultimate prize
will be to find that one elusive exoplanet; Earth sized,
rocky, in its parent’s star’s habitable zone, with the right
atmospheric conditions and the signatures of liquid
wafter. Could life evolve there? The age old question
“are we alone?” has never been more ready for an
answer. Perhaps a volunteer citizen scientist, a Zooite
will help find that answer.

News flash: Kepler discovery

Using the Kepler Space Telescope data NASA
announced the discovery of the first Earth sized
exoplanet “Kepler-186f" 500 light years from Earth in
its parent M dwarf star's Habitable Zone where liquid
water could exist on its surface. Previous research
suggests this world is likely to be rocky but we have yet
to determine its mass, density, the signatures of liquid
water and its atmosphere. Perhaps Kepler's successors,
like the James Webb Space Telescope, can uncover
this. This is a remarkable scientific breakthrough and it
brings us even closer to the ultimate prize and answer
for that age old question. Yet more strange new worlds
await our discovery and exploration.

Galaxy Zoo and Planet Hunters are only two of the
space themed projects in the Zooniverse you can
participate in. Other non-space projects include:
¢ Climate: Cyclone Center - Classify over 30 years

of tropical cyclone data with scientists at NOAA's

National Climatic Data Center

¢ Nature: Sea Floor Explorer - Help explore the ocean
floor with the HabCam team and Woods Hole
Oceanographic Institution

¢ Nature: Whale FM - Help marine researchers
understand what whales are saying by grouping
similar sounding whale calls together

Students, teachers, in fact everyone and anyone can
become a volunteer citizen scientist and participate in
any Zooniverse project.
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Zoo Teach:
Classes for the curious minded

As an educational outreach tool Zooniverse projects
engage with a wide population across all age ranges
and encourage meaningful science research. Zoo
Teach (www.zooteach.org/) is a tool for educators to
share lessons that complement the Zooniverse projects
in the classroom. Searches can be done by age range,
subject and recent additions of lessons and resources
as seen inimage #12.

Galaxy Zoo is available to educators and students via
an interactive tool called Navigator (www.galaxyzoo.
org/#/navigator/nome) where groups can classify
galaxies, compare and investigate their characteristics.

Et il ERI Biog

zooteach

subjects

Sciences Mathematics

Browse s including Browse lesson plans and resources

for teaching Mathematics.

USA: Elementary School.
UK: K51 & K52 students.

USA: Middle School.
UK: K53 students

Image #12: Classes for the curious minded at the www.zooteach.org.

Sources:

Citizen Science Alliance
http://www.citizensciencealliance.org/

Zooniverse
https://www.zooniverse.org/

Zoo Teach
http://www.zooteach.org/

Galaxy Zoo
http://www.galaxyzoo.org/

Galaxy Zoo Navigator
http://www.galaxyzoo.org/#/navigator/home

Galaxy Zoo: A Zooniverse Project Blog
http://blog.galaxyzoo.org/

Sloan Digital Sky Survey / Sky Server
http://skyserver.sdss.org/dr1/en/proj/advanced/galaxies/tuningfork.asp

Where educators can share high quality |
complement the Zooniverse citizen scier

Planet Hunters also has well developed set of tutorials
and guides at www.planethunters.org/site_guide.

Humans have always been curious explorers. We
have searched for new sustenance, new lands, crossed
oceans and the void of space in search of new cultures
and knowledge. Today this curious exploration gene
continues to thrive as we search for knowledge fo give
insight into our existence, whether it is on the ocean
floor, on Earth or among the stars.

While some of the above quests show the exciting
projects available for you to participate in, this is just
the tip of the iceberg. There is a whole universe — a
“zooniverse" of discoveries out there waiting for you
to find. All you have to do is take that first step on the
journey.

sign up | log in

s & resources that
projects. Find out more...

Humanities

Browse subjects including
Geography and History.

Browse subjects including English,
Literature and Art.

14to 18

USA: High School.
UK: K54 & K55 students._

Higher eduction.

Chris Lintott on The Galaxy Zoo (Video)
https://www.youtube.com/watch2v=|_zQIQRr1Bo#aid=P97ylp?I0DA

NASA Exoplanet Archive
http://exoplanetarchive.ipac.caltech.edu/

Planet Hunters

http://www.planethunters.org/

Planet Hunters Tutorial and Guides
http://www.planethunters.org/site_guide

Planet Hunters: A Zooniverse Project Blog
http://blog.planethunters.org/

NASA Ames Research Center: Kepler A Search For Habitable Planets
http://kepler.nasa.gov/

Kepler 186-f Discovery
http://kepler.nasa.gov/news/index.cfm2FuseAction=ShowNews&NewsID=330
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‘Club sandwich’ of oceans ¢ ice
may exist within Jovian moon

The largest moon in* our solar

system, a companion to Jupiter .

named Ganymede, might have ice
and oceans stacked up in several
layers like a club- sandwich, accord-
ing to 'new NASA-funded research
that models the moon’s makeup.
Previously, the moon was thought
to harbor “a thick ocean sand-
wiched between just two layers of
ice, one on top and one on bottom.
"Ganymede's ocean might be

organized like a Dagwood sand-

wich,” said Steve Vance of NASA's
Jet Propulsion Laboratory in Paso-
dena; Calif., explaining the moon's
resemblance to the “Blondie” car-
toon character’'s multi-tiered sand-
wiches. The study, led by Vance,
provides new theoretical evidence
for the team’s "club sandwich”
model, first proposed last year.

.The results support the idea that
primitive life might have possibly
arisen on the icy: moon. Scientists
say that places where water and
rock interact are important for the
development of life;” for example,
it's possible life began on Earth in
bubbling vents on our‘sea floor. Pri-
or to the new study, Ganymede's
rocky sea boftom was thought to
be coated with ice, not liquid -- a
problem for the emergence of life.
The “club sandwich findings sug-
gest otherwise: the first layer on top
of the rocky core might be salty wa-
ter.

- "This s good news for Gony—
meéde,” said Vance. “Its ocean is
huge, with enormous pressures, so.it
was thought that dense.ice had fo
form af the bottom of the ocean.

When we added salts fo our mod-

els, we came’ up with liguids dense
enough to sink to the sea floor.”

. NASA scientists first suspected an
ocean in Ganymede in the 1970s,
based on models of the large
moon, which is bigger than Mercu-

ry. In the 1990s, NASA's Galileo mis-
sion lew by Ganymede, confirming
the moon's ocean, and showing it
extends to depths of hundreds of

miles. The spacecraft also found

evidence for salty seas, likely con-

taining the salt magnesium sulfate. ,

Previous models of Ganymede'’s
oceans assumed ' that salt didn't
change the properties of liquid very
much with pressure. Vgnce and his
team showed, through laboratory
experiments, how much salt really
increases the density of liquids un-
der the extreme conditions inside
Ganymede and similar moons. It
may seem strange that salt can
make the ocean denser, but you
can see for yourself how this works
by adding plain old table salt to a

glass of water. Rather than increas-’

ing in volume, the liquid shrinks and
becomes denser. This is because the
salt ions attract water molecules.
The models get more complicat-
ed when the different forms of ice
are taken into account. The ice that
floats in your drinks is called “Ice I.”
It's the least dense form of ice and
lighter than water. But at high pres-
sures, like those in crushingly deep
oceans like Ganymede's, the ice
crystal structures become  more
compact. “It's like finding a better
arrangement of shoes in"your lug-
gage -- the ice molecules become
packed together more tightly,”
said Vance. The ice can become

so dense that it is.heavier tfhan wa-

ter and falls to the bottom of the

sea. The denses’r and heaviest ice

Though’r o perS|s’r in Gonymede is
called “Ice VI."

By modeling these processes us-
ing computers, the.team came
up with an ocean sandwiched
between up to three ice layers, in
addition to the rocky seafloor. The
lightest ice is on top, and the salti-

est liquid is heavy enough to sink

to the bottom. What's more, the
results demonstrate a p055|ble bi-
zarre phenomenon that  causes
the oceans to “snow upwards.” As
the oceans churn and cold plumes
snake around, ice in the upper-
most ocean layer, called “Ice lII,”
could form in the seawater. When
ice forms, salts precipitate out. The
heavier salts would thus fall down-
ward, and the lighterice, or “snow,”
would float upward. . This “snow”
melts again before reochmg the
top of the ocean, possibly leav-
ing slush in the middle of the moon
sandwich.

“We don't know how long the
Dagwood-sandwich - structure
would. exist,” said Christophe So-
tin of JPL. “This structure represents

a stable state, but various factors .

could mean the moon doesn't
reach this stable state. - :

Sotin and Vance are both mem-.
bers of the Icy Worlds team at JPL,
part of the multi-institutional NASA

"~ Astrobiology Institute based at the

Ames Research Centfer in Moffett
Field, Calif.

The results can be opphed fo
exoplanets too, planets that circle
stars beyond our sun. Some super-
Earths, rocky planets more massive
than Earth, have been proposed as

“water worlds” covered in oceans.
Could they have life2 Vance and
his team think Ioboro’rory experi-
ments and more detailed model-
ing of exotic oceans might help find
answers.

- Ganymede is one of five moonsin
our solar system thought to support
vast oceans beneath icy crusts. The
other ‘moons are Jupiter's Europa
and Callisto and Saturn’s Titan and
Enceladus. The European Space
Agency is developing a space mis-
sion, called JUpiter ICy moons. Ex-
plorer or JUICE, to visit Europa, Cal-
listo and Ganymede in the 2030s.
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Vocabulary

¢ Crew Module (CM): The part of the spacecraft where
the astronauts live and work

* Crew Module Weight: The total weight of the CM
including provisions and the crew

* Crew Size (Crew): The tfotal number of astronauts
needed to conduct a specific space mission

» Dry Weight (m,): The weight of the spacecraft fully
loaded excluding the propellant

¢ Engine Module (EM): The part of a spacecraft that
holds the propellant tanks and the rocket engine

* Exhaust Velocity (v,,,): The speed of the escaping
gas exiting a rocket engine

* Gross Weight (m,): The weight of the spacecraft fully
loaded including the propellant

* Inert Weight: The empty weight of the EM

* Lunar Orbit Insertion (LOI): The rocket burn that
places a spacecraft into Low Lunar Orbit (LLO)

¢ MidCourse Correction (MCC): The rocket burn that
keeps the spacecraft on course

e Mission Duration: The ftotal time needed to
accomplish a specific space mission

* RL10 Engine: The name of the rocket engine used in
the Engine Module (EM)

« Standard Gravity (g ): The acceleration due to free
fall on Earth, equal to 9.80665 m/s?

* Specific Impulse (I.): The force with respect to the
amount of propellant used per unit of fime

* TransLunar Injection (TLI): The rocket burn that places
a spacecraft on a trajectory to the Moon

Narrative

A long time ago, in a galaxy very near our own, there
once existed a wondrous vision of the future, where

For a more in-depth freatment of this high

school project by Joe Maness & Rich Holtzin
visit www.stemfortheclassroom.com.

spacecraft were bountiful, and imaginations could
soar.

Given our astronautics concepts for S.T.E.M. educa-
tion projects, the Boeing Space Tug Study (circa 1971)
exemplifies this penultimate vision. Notably, it was a
complete design that not only included a Crew Mod-
ule (CM), but also an Engine Module (EM).

The CM would have housed the asfronauts and
all of their supplies, including food, oxygen, science
equipment, etc.

The EM would have contained the rocket engine,
propellant, tanks, electrical supply, etfc.

- [ .

lllustration of the Boeing Space Tug. Credit: Mark Wade

The CM and EM were to be aftached together, and
the two would have become one, as they say. The
design was very much similar fo the Apollo spacecraft
that heralded NASA's endeavors in the socalled space
race of that era. Hence, a near twin to the Apollo
design.

It really would have been quite an awesome
machine, because the EM could have been able to
carry any type of payload, whether it was the CM
or satellites or whatever. Overall, the Boeing Space
Tug design was inspirational as well as functional.
Remarkable for the year 1971!

That being said, the spacecraft was never builtl
However, we can still make something good out of
its advanced design. Namely, our S.T.E.M. classroom
projects geared to this study posits our students working
onrealspace missions using areal spaceship model and
real numbers. In short, there are realworld implications
in our applied concepts and mathematics.

So can we make this space vehicle finally fly in space;
all the way to the Moon? You bet your last rocket!
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Analysis: CM

Spacecraft habitat weight depends on many
factors, such as the number of astronauts needed
or the duration of the mission. Some CM component
weights will vary depending on these factors (such as
Environmental Control and Life Support Systems), while
others will weigh the same no matter what (such as the
CM structure itself).

The Space Tug CM graphic shows that a crew of
fifteen would have allowed for a two-day mission, and
the CM would have weighed 9,386 pounds, whereas
a crew of three would have yielded a fifty-day mission
and would have weighed 9,755 pounds (all figures
would have included the weight of the crew). These
numbers look suspiciously like points on a Cartesian
graph, which means that they may be linear equations.

We'll make the Crew Size (Crew) the independent
variable. Therefore we get the points (3, 50) & (15, 2)
and (3, 9755) & (15, 9386). We can thus calculate the
slope and the y-intercepts of the two linear equations.

2-50 48 _ 4
T3 =75 <o
y-int, = 2—(-4)(15) = 2 + 60 = 62

9386 - 9755 369
5.3~ 12 =-30.75

Slope, =

Slope, =

y —int, = 9386 — (- 30.75)(15) = 9386 + 461.25 = 9, 847.25

Therefore, the two linear equations for the Boeing
Space Tug CM are:

Mission Duration = 4Crew + 62

Weight ., =-0.75Crew + 9847.25

Example

Suppose you want to take a crew of 10 astronauts
on a space mission to the Moon. What would be the
Mission Duration of the spaceflighte More importantly,
what is the weight of the CM?2

Using the linear equations that we just derived, we
plug in Crew = 10 into the equations.

Mission Duration = - 4(10) + 62 = 22 Days
Weight ., =-30.75(10) + 9847.25 =9, 540 Ibs

So for this particular design, a crew of ten would
have allowed the spacecraft to stay aloft for about

three weeks, and would have weighed under 10,000
pounds. Very nicel

Diagram of the Boeing Space Tug Crew Module (CM). Credit: Boeing
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Diagram of the Boeing Space Tug Engine Module (EM). Credit: Boeing

Analysis: EM

The CM wouldn't have gone anywhere unless there
was a way to make it go. Enter the Engine Module (EM).
This machine would have had everything you needed
to go on a space mission: propellant tanks, a Reaction
Control System (RCS), batteries, and of course, the
reliable RL10 rocket engine. This rocket engine was
useful in that it could have been restarted many times,
burning the highly efficient Liquid Hydrogen (LH,) fuel.
This meant that the EM could have been reused many
times, reducing the cost of flying in space!

Speaking of flying in space, the most useful equation
in all of rocketry is appropriately called the Rocket
Equation, also known as the “Tsiolkovsky Equation”
named after its discoverer.

mO
AVZVEXH"”(H])

It tells rocketeers how much of a change in velocity
(Av) is available given the payload weight, the
propellant weight, and the exhaust velocity (v,,) of
the gasses being expelled by the rocket. The exhaust
velocity of arocket is the engine’s Specific Impulse (I)
multiplied by the standard gravity of Earth.

Using the information from the Space Tug EM image,

we see that the RL10 (with the rocket nozzle extended)
had an I, of 460 s. We can thus calculate the rocket
engine's Exhaust Velocity (V).

v (460)(9.80665) = 4, 511 mps

on =l G0 =

The EM graphic also tells us that the Inert Weight of
the EM was 5,610 lbs. If we carry a CM with a crew of
10 astronauts on a 22-day mission that weighs 9,540 Ibs,
and we also carry, for instance, 8,000 lbs of scientific
and other payload, the Dry Weight can be calculated.

m, = Weight, ... + Weight,,, .., + Weight_,,
= 5610 + 8000 + 9540 = 23,150 Ibs

Finally, the EM graphic shows that the propellant
would have weighed 39,800 Ibs. We now have
everything we need to solve the rocket equation.

m,=m, + Weight,. .. . =23150+ 39800 = 62,950 Ibs

Putting everything together, we get

62950
Av = (4511) -In(m) = (4511) - In(2.72)
= (4511)(1.000346) = 4,513 mps
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Example

The students af The Learning Community Charter School (www.tlcnm.net) have designed
a mission fo go one-way from a Bigelow space station in Low Earth Orbit (LEO) to a Bigelow
space station in Low Lunar Orbit (LLO) (we’'ll assume that the spacecraft propellant tanks will
be replenished at the lunar space station for the return trip home). The spaceflight would
resemble the first leg of the historic Apollo 8 lunar orbit mission. Will they make it2

Looking up the Av requirements for the Trans Lunar Injection (TLI), the Mid-
Course Correction (MCC), and the Lunar Orbit Insertion (LOI) rocket
burns, we can calculate the total Av Budget needed to go to the
Moon and enter lunar orbit.

Av Budget =TLI + MCC +LOI=3205+ 19 + 881 = 4,105 mps

Conclusion

For this particular spacecraft, the Av
capability of the spacecraft of 4,513 mps
exceeds the required Av Budget of the
lunar mission of 4,105 mps. We therefore
conclude that the mission can be
safely flown in this configuration
all the way to the Moon, and we
recommend that crew selection
begin immediately!

The Boeing Space Tug Study
spacecraft, had it been built,
would have been a most
formidable and versatile
ship, well ahead of its
time. They fruly had an
astonishing space vehicle
on the drawing board
back in the day, no?¢

So why are we not
building reusable
spaceships en  masse
again?

Note: In the next issue of
RocketSTEM magazine, we
will continue the human
adventure by  working
out the mathematics for a
landing on the Moon. Stay
funed!
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Rabe Crater is a 108 km-wide impact crater with an intricately shaped dune field. The dune material
likely comprises locally eroded sediments that have been shaped by prevailing winds. The image resolu-

Mars Express edit: Alex Lutkus

tion is about |5 m per pixel.

Credit: ESA/DLR/FU Berlin

Cascading dunes in a Martian crater

A breathtaking new mosaic from ESA’s Mars Express
shows a stunning swirling field of dark dunes cascading
info sunken pits within a large impact crater.

The mosaic was created from two images and fo-
cuses on the 108 km-wide Rabe crater. The region is 320
km to the west of the large Hellas impact basin, about
halfway between the planet’s equator and south pole.

Rabe crater has an interesting topography: its flat
floor has a number of smaller craters and large sunken
pits within it. The bulk of the dune material sits atop the
flat remnant of the original crater floor, but then some
of it spills dramatically down into the pits below.

The dunes stand some 150-200 m tall and their swirl-
ing patterns indicate the prevailing direction of the
winds that have whipped across the crater over time.
The dunes are made of basaltic material, a common
volcanic rock. In the region shown here, it was subse-
qguently covered over by other layers of material, un-
covered by erosion within the crater itself.

Zooming in on the western portion of the crater re-
veals distinct layers of dark material exposed in the
crater walls. One possible interpretation is that the im-
pact crater punched through the top surface to reveal
these otherwise hidden layers. Over time, this material
has been eroded and swept up by wind to form the
dunes seen towards the cenftre of the crater.

Similar dark material can also be seen in several of
the smaller craters surrounding Rabe, with streaks stain-

ing the surface in between, most notably in the left-
hand side of the image above. It is possible that some
of the dune material was liffed out of Rabe by strong
winds and spread locally.

Other nearby craters look degraded, their once-dis-
tinct rims and internal features crumbling over time. This
‘terrain softening’ process is often associated with the
presence of ice just below the surface: this can facili-
tate the slow and steady creep of material downslope,
resulting in a smooth appearance.

Material deposited from the atmosphere, perhaps
during sand storms, can also contribute to an appar-
ent softening of features over time.

By confrast, one crater to the upper left of Rabe
shown here retains a sharper appearance. A closer
examination of this relatively deep crater reveals fresh-
looking channels and grooves in the crater walls.

Grooves like these are often associated with erosion
by liquid water but, regardless of their formation his-
tory, they can also expose underlying layers, such as
the dark material common to this region. Furthermore,
a dense patch of this material is seen concentrated in
the deepest part of the crater floor.

Impact craters like Rabe offer a window into the past
by exposing ancient rocks that would otherwise remain
hidden from view. Meanwhile, the dunes show the im-
portant continuing role played by wind in shaping the
martian landscape.
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NASA’s Administrator, Charles Bolden (left), Marillyn Hewson, President/CEO of Lockheed Martin (right), and astronaut Rex Walheim (back) stand with Team ARES,

from the Governors School for Science and Technology in Hampton, Va., winners of the Exploration Design Challenge high school competition.

Credit: NASA

Students create winning design for Orion

After a year-long competition
among high school teams across
the country, evaluators from NASA,
Lockheed Martin and the National
Institute of Aerospace have select-
ed Team ARES, from the Governor's
School for Science and Technology
in Hompton, Va., as the winner of
the high school portion of the Explo-
ration Design Challenge (EDC).

The EDC was developed to en-
gage students in science, technol-
ogy, engineering and math (STEM)
by inviting them to help tackle one
of the most significant dangers of
human space flight — radiation ex-
posure.

“This is a great day for Team ARES
—you have done aremarkable job,”
said NASA Administrator Charles
Bolden, who helped announce
the winning team. He continued,
“I really want to congratulate all
of our finalists. You are outstanding
examples of the power of Ameri-
can innovation. Your passion for dis-
covery and the creative ideas you
have brought forward have made

us think and have helped us take
a fresh look at a very challenging
problem on our path to Mars.”

Team ARES now will work with the
NASA and Lockheed Martin space-
craft infegration team to have
the product of their experimental
design approved for spaceflight.
Once the equipment is approved,
engineers will install it onto Orion’s
crew module. Later this year, when
Orion launches into orbit during Ex-
ploration Flight Test-1 (EFT-1), Lock-
heed Martin will host Team ARES at
NASA’s Kennedy Space Center in
Florida to watch their experiment
launch info space.

During the EFT-1, Orion will fly
through the Van Allen Belt, a dense
radiation field that surrounds the
Earth in a protective shell of electri-
cally charged ions. Understanding
and mitigating radiation exposure
during Orion’s flight test can help
scientists develop protective solu-
tions before the first crewed mission.
After EFT-1, the students will receive
data indicating how well their de-

sign protected a dosimeter, an in-
stfrument used for measuring radio-
fion exposure.

Speaking at the U.S.A Science
and Engineering Festival, Lockheed
Martin  Chairman, President and
CEO Marillyn Hewson said, “The
Exploration Design Challenge has
already reached 127,000 students
worldwide — engaging them in real-
world engineering challenges and
igniting their imaginations about
the endless possibilities of space dis-
covery.”

Students around the world in
grades K-12 still can be part of Ori-
on’s first flight by completing an on-
line radiation shielding activity. Stu-
dents who complete the activity by
June 30 will have their names flown
aboard Orion.

To learn more about the EDC and
related activities, visit: www.nasa.
gov/education/edc.

To learn more about Orion and
the EFT-1 mission, visit: http://lock-
heedmartin.com/orion and www.
nasa.gov/orion.
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Researchers have detected the first “exomoon” candidate — a moon orbiting a planet that lies outside our solar system.

Credit: NASA/|PL-Caltech

First exomoon possibly found

Titan, Europa, 1o and Phobos are
just a few members of our solar
system’s pantheon of moons. Are
there are other moons out there, or-
biting planets beyond our sun?

NASA-funded researchers have
spofted the first signs of an “exo-
moon,” and though they say it's im-
possible to confirm its presence, the
finding is a tantalizing first step tfo-
ward locating others. The discovery
was made by watching a chance
encounter of objects in our galaxy,
which can be witnessed only once.

“We won't have a chance to
observe the exomoon candidate
again,” said David Bennett of the
University of Notre Dame, Ind. "“But
we can expect more unexpected
finds like this.”

The international study is led
by the joint Japan-New Zealand-
American Microlensing Observa-
fions in Astrophysics (MOA) and
the Probing Lensing Anomalies
NETwork (PLANET) programs, using
telescopes in New Zealand and
Tasmania. Their technique, called
gravitational microlensing, takes

advantage of chance alignments
between stars. When a foreground
star passes between us and a more
distant star, the closer star can act
like a magnifying glass to focus and
brighten the light of the more dis-
tfant one. These brightening events
usually last about a month.

If the foreground star — or what
astronomers refer to as the lens -
has a planet circling around it, the
planet will act as a second lens to
brighten or dim the light even more.
By carefully scrutinizing these bright-
ening events, astronomers can fig-
ure out the mass of the foreground
star relative fo its planet.

In some cases, however, the
foreground object could be a free-
floating planet, not a star. Research-
ers might then be able to measure
the mass of the planet relative to its
orbiting companion: a moon. While
astronomers are actively looking
for exomoons — for example, using
data from NASA’s Kepler mission —
so far, they have not found any.

In the study, the nature of the
foreground, lensing object is not

clear. The ratio of the larger body to
its smaller companion is 2,000 to 1.
That means the pair could be either
a small, faint star circled by a planet
about 18 times the mass of Earth --
or a planet more massive than Jupi-
ter coupled with a moon weighing
less than Earth. The problem is that
astronomers have no way of telling
which of these scenarios is correct.

The ground-based felescopes
used in the study are the Mount
John University Observatory in New
Zealand and the Mount Canopus
Observatory in Tasmania.

Additional observations were
obtained with the W.M. Keck Ob-
servatory in Mauna Kea, Hawaii;
European Southern Observatory’s
VISTA telescope in Chile; the Opfi-
cal Gravitational Lens Experiment
(OGLE) using the Las Campanas
Observatory in Chile; the Microlens-
ing Follow-Up Network (MicroFUN)
using the Cerro Tololo Interameri-
can Observatory in Chile; and the
Robonet Collaboration using the
Faulkes Telescope South in Siding
Spring, Australia.
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it landed with Expedition
Wakata of the Japan Aerospace
Agency (JAXA), Soyuz Commander Mikhc
Tyurin of Roscosmos, and Flight Engmeer '
Rick Mastracchio of NASA near the fown
of Zhezkazgan, Kazakhstan on May 14.
Wakata, Tyurin and Mastracchio
returned to Earth after more
than six months onboard the

International Space Station.
Credit: NASA/BIll Ingalls




SLS engine prepared
for the Test Stand

Formerly known as the Space Shuttle Main
Engine, the RS-25 accumulated more than
one million seconds — or almost 280 hours —
of hot fire experience during 135 missions and
numerous engine tests like the one pictured
here. Four RS-25 engines will power the core
stage of NASA's Space Launch System (SLS)
and the engine will go back in the stand for
testing this summer at NASA's Stennis Space
Center. Credit: Aerojet Rocketdyne
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