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'Dry Ice' Snowfall on
Mars

(NASA/JPL) NASA's Mars Reconnaissance
Orbiter data have given scientists the clearest
evidence yet of carbon-dioxide snowfalls on
Mars.
Frozen carbon dioxide, better known as "dry
ice," requires temperatures of about minus
193° F, which is much colder than needed for
freezing water. Carbon-dioxide snow reminds
scientists that although some parts of Mars
may look quite Earth-like, the Red Planet is
very different. The report is being published
in the Journal of Geophysical Research.
"These are the first definitive detections
of carbon-dioxide snow clouds," said the
report's lead author, Paul Hayne of NASA's Jet
Propulsion Laboratory. "We firmly establish the
clouds are composed of carbon dioxide, flakes
of Martian air, and they are thick enough to
result in snowfall accumulation at the surface."
The snowfalls occurred from clouds around
the Red Planet's south pole in winter. The
presence of carbon-dioxide ice in Mars'
seasonal and residual southern polar caps
has been known for decades. Also, NASA's
Phoenix Lander mission in 2008 observed
falling water-ice snow on northern Mars.
Hayne and six co-authors analyzed
data gained by looking at clouds straight
overhead and sideways with the Mars Climate
Sounder, one of six instruments on the Mars
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Reconnaissance Orbiter. This instrument
records brightness in nine wavebands of visible
and infrared light as a way to examine particles
and gases in the Martian atmosphere.
The data provide information about
temperatures, particle sizes and their
concentrations. The new analysis is based
on data from observations in the south polar
region during southern Mars winter in 20062007, identifying a tall carbon-dioxide cloud
about 300 miles in diameter persisting over the
pole and smaller, shorter-lived, lower-altitude
carbon dioxide ice clouds at latitudes from
70° to 80° south.
"One line of evidence for snow is that the
carbon-dioxide ice particles in the clouds are
large enough to fall to the ground during the
lifespan of the clouds," co-author David Kass
of JPL said. "Another comes from observations
when the instrument is pointed toward the
horizon, instead of down at the surface. The
infrared spectra signature of the clouds viewed
from this angle is clearly carbon-dioxide ice
particles and they extend to the surface. By
observing this way, the Mars Climate Sounder
is able to distinguish the particles in the
atmosphere from the dry ice on the surface."
Mars' south polar residual ice cap is the
only place on the Red Planet where frozen
carbon dioxide persists on the surface yearround. Just how the carbon dioxide from
Mars' atmosphere gets deposited has been
in question. It is unclear whether it occurs
as snow or by freezing out at ground level as
frost. These results show snowfall is especially
vigorous on top of the residual cap.
"The finding of snowfall could mean that the
type of deposition, snow or frost,is somehow
linked to the year-to-year preservation of the
residual cap," Hayne said. f
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Hubble Goes to the
eXtreme
(NASA/STScI)
Like photographers
assembling a portfolio of best shots,
astronomers have assembled a new, improved
portrait of mankind's deepest-ever view of
the universe.
Called the eXtreme Deep Field, or XDF, the
photo was assembled by combining 10 years
of NASA Hubble Space Telescope photographs
taken of a
patch of sky
at the center
of the original
Hubble Ultra
Deep Field.
The XDF is a
small fraction
of the angular
diameter of the
full Moon.
The Hubble
Ultra Deep
Field is an
image of a
small area of
space in the
constellation
F o r n a x ,
created using
Hubble Space
Telescope data
from 2003 and
2004. By collecting faint light over many
hours of observation, it revealed thousands
of galaxies, both nearby and very distant,
making it the deepest image of the universe
ever taken at that time.
The new full-color XDF image reaches
much fainter galaxies, and includes very deep
onOrbit is made available to all K-12

school libraries in Nevada thanks to the
generous contributions from: The Friends
of The Planetarium

December

exposures in red light from Hubble's new
infrared camera, enabling new studies of the
earliest galaxies in the universe. The XDF
contains about 5,500 galaxies even within its
smaller field of view. The faintest galaxies are
one ten-billionth the brightness of what the
human eye can see.
Magnificent spiral galaxies similar in shape to
our Milky Way and the neighboring Andromeda
galaxy appear in this image, as do the large,
fuzzy red galaxies where the formation of
new stars has ceased. These red galaxies are
the remnants
of dramatic
collisions
between
galaxies and
are in their
declining
y e a r s .
Peppered
across the field
are tiny, faint,
more distant
galaxies that
were like the
seedlings from
which today's
striking
galaxies grew.
The history of
galaxies, from
soon after the
first galaxies
were born to
the great galaxies of today, like our Milky
Way, is laid out in this one remarkable image.
Hubble pointed at a tiny patch of southern
sky in repeat visits (made over the past decade)
for a total of 50 days, with a total exposure time
of 2 million seconds. More than 2,000 images
of the same field were taken with Hubble's two
premier cameras, the Advanced Camera for
Surveys and the Wide Field Camera 3, which
extends Hubble's vision into near-infrared
light, and combined to make the XDF.
"The XDF is the deepest image of the sky

2012

onOrbit

ever obtained and reveals the faintest and most
distant galaxies ever seen. XDF allows us to
explore further back in time than ever before,"
said Garth Illingworth of the University of
California at Santa Cruz, principal investigator
of the Hubble Ultra Deep Field 2009 (HUDF09)
program.
The universe is 13.7 billion years old, and
the XDF reveals galaxies that span back 13.2
billion years in time. Most of the galaxies in
the XDF are seen when they were young, small,
and growing, often violently as they collided
and merged together. The early universe was a
time of dramatic birth for galaxies containing
brilliant blue stars extraordinarily brighter than
our Sun. The light from those past events is
just arriving at Earth now, and so the XDF
is a "time tunnel into the distant past." The
youngest galaxy found in the XDF existed just
450 million years after the universe's birth in
the big bang.
Before Hubble was launched in 1990,
astronomers could barely see normal galaxies
to 7 billion light-years away, about halfway
across the universe. Observations with
telescopes on the ground were not able to
establish how galaxies formed and evolved
in the early universe.
Hubble gave astronomers their first view of
the actual forms and shapes of galaxies when
they were young. This provided compelling,
direct visual evidence that the universe is truly
changing as it ages. Like watching individual
frames of a motion picture, the Hubble deep
surveys reveal the emergence of structure in the
infant universe and the subsequent dynamic
stages of galaxy evolution.
The infrared vision of NASA's planned
James Webb Space Telescope will be aimed at
the XDF. The Webb telescope will find even
fainter galaxies that existed when the universe
was just a few hundred million years old.
Because of the expansion of the universe, light
from the distant past is stretched into longer,
infrared wavelengths. The Webb telescope's
infrared vision is ideally suited to push the
XDF even deeper, into a time when the first
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stars and galaxies formed and filled the early
"dark ages" of the universe with light.
The XDF/HUDF09 team members are G.
Illingworth (University of California, Santa
Cruz), R. Bouwens (Leiden University), M.
Carollo (Swiss Federal Institute of Technology,
Zurich (ETH)), M. Franx (Leiden University),
V. Gonzalez (University of California, Santa
Cruz), I. Labbe (Leiden University), D. Magee
and P. Oesch (University of California, Santa
Cruz), M. Stiavelli (Space Telescope Science
Institute), M. Trenti (University of Cambridge),
and P. van Dokkum (Yale University). f

NASA Telescopes Spy
Ultra-Distant Galaxy
(NASA/STScI) With the combined power of
NASA's Spitzer and Hubble space telescopes,
as well as a cosmic magnification effect,
astronomers have spotted what could be the
most distant galaxy ever seen. Light from
the young galaxy captured by the orbiting
observatories first shone when our 13.7-billionyear-old universe was just 500 million years old.
The far-off galaxy existed within an important
era when the universe began to transit from
the so-called cosmic dark ages. During this
period, the universe went from a dark, starless
expanse to a recognizable cosmos full of
galaxies. The discovery of the faint, small
galaxy opens a window onto the deepest, most
remote epochs of cosmic history.
"This galaxy is the most distant object we
have ever observed with high confidence,"
said Wei Zheng, a principal research scientist
in the department of physics and astronomy
at Johns Hopkins University and lead author
of a new paper appearing in Nature. "Future
work involving this galaxy, as well as others
like it that we hope to find, will allow us to
study the universe's earliest objects and how
the dark ages ended."
Light from the primordial galaxy traveled
approximately 13.2 billion light-years before
reaching NASA's telescopes. In other words,
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the starlight snagged by Hubble and Spitzer left
the galaxy when the universe was just 3.6%
of its present age. Technically speaking, the
galaxy has a redshift, or "z," of 9.6. The term
redshift refers to how much an object's light
has shifted into longer wavelengths as a result
of the expansion of the universe. Astronomers
use redshift to describe cosmic distances.
Unlike previous detections of galaxy
candidates in this age range, which were only
glimpsed in a single color, or waveband, this
newfound galaxy has been seen in five different
wavebands. As part of the Cluster Lensing And
Supernova Survey with Hubble Program, the
Hubble Space Telescope registered the newly
described, far-flung galaxy in four visible and
infrared wavelength bands. Spitzer measured
it in a fifth, longer-wavelength infrared band,
placing the discovery on firmer ground.
Objects at these extreme distances are mostly
beyond the detection sensitivity of today's
largest telescopes. To catch sight of these
early, distant galaxies, astronomers rely on
gravitational lensing. In this phenomenon,
predicted by Albert Einstein a century ago,
the gravity of foreground objects warps and
magnifies the light from background objects.
A massive galaxy cluster situated between our
galaxy and the newfound galaxy magnified
the newfound galaxy's light, brightening the
remote object some 15 times and bringing
it into view.
Based on the Hubble and Spitzer observations,
astronomers think the distant galaxy was less

December

than 200 million years old when it was
viewed. It also is small and compact,
containing only about one percent of
the Milky Way's mass. According to
leading cosmological theories, the first
galaxies indeed should have started
out tiny. They then progressively
merged, eventually accumulating
into the sizable galaxies of the more
modern universe.
These first galaxies likely played
the dominant role in the epoch of
reionization, the event that signaled
the demise of the universe's dark ages. This
epoch began about 400,000 years after the
big bang when neutral hydrogen gas formed
from cooling particles. The first luminous
stars and their host galaxies emerged a few
hundred million years later. The energy
released by these earliest galaxies is thought
to have caused the neutral hydrogen strewn
throughout the universe to ionize, or lose an
electron, a state that the gas has remained in
since that time.
"In essence, during the epoch of reionization,
the lights came on in the universe," said paper
co-author Leonidas Moustakas, a research
scientist at NASA's Jet Propulsion Laboratory.
Astronomers plan to study the rise of the
first stars and galaxies and the epoch of
reionization with the successor to both Hubble
and Spitzer, NASA's James Webb Telescope,
which is scheduled for launch in 2018. The
newly described distant galaxy likely will be
a prime target.
The Hubble Space Telescope is a project of
international cooperation between NASA and
the European Space Agency. NASA's Goddard
Space Flight Center in Greenbelt, Md., manages
the telescope. The Space Telescope Science
Institute (STScI) in Baltimore, Md., conducts
Hubble science operations and is the science
and mission operations center for the James
Webb Space Telescope. STScI is operated for
NASA by the Association of Universities for
Research in Astronomy, Inc., in Washington,
D.C. f
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NASA's Infrared
Observatory Measures
Expansion Of Universe
(NASA/SSC) Astronomers using NASA's
Spitzer Space Telescope have announced one
of the most precise measurements yet of the
Hubble constant, or the rate at which our
universe is stretching apart.
The Hubble constant is named after the
astronomer Edwin P. Hubble, who astonished
the world in the 1920s by confirming our
universe has been expanding since it exploded
into being 13.7 billion years ago. In the late
1990s, astronomers discovered the expansion
is accelerating, or speeding up, over time.
Determining the expansion rate is critical for
understanding the age and size of the universe.
Unlike NASA's Hubble Space Telescope
that views the cosmos in visible and shortwavelength infrared light, Spitzer took
advantage of long-wavelength infrared light
for its latest Hubble constant measurement of
74.3 kilometers per second per megaparsec.
A megaparsec is roughly three million lightyears. This finding agrees with an independent
supernovae study conducted last year by
researchers primarily based at the Space
Telescope Science Institute in Baltimore,
Md., and improves by a factor of three on a
seminal 2001 Hubble Space Telescope study
using a similar technique as the current study.
"Spitzer is yet again doing science beyond what
it was designed to do," said project scientist
Michael Werner at NASA's Jet Propulsion
Laboratory in Pasadena, Calif. Werner has
worked on the mission since its early concept
phase more than 30 years ago. "First, Spitzer
surprised us with its pioneering ability to
study exoplanet atmospheres," said Werner,
"and now, in the mission's later years, it has
become a valuable cosmology tool."
In addition, the findings were combined
with published data from NASA's Wilkinson
Microwave Anisotropy Probe to obtain an

independent measurement of dark energy, one
of the greatest mysteries of our cosmos. Dark
energy is thought to be winning a battle against
gravity, pulling the fabric of the universe apart.
Research based on this acceleration garnered
researchers the 2011 Nobel Prize in physics.
"This is a huge puzzle," said the lead author
of the new study, Wendy Freedman of the
Observatories of the Carnegie Institution
for Science in Pasadena. "It's exciting that we
were able to use Spitzer to tackle fundamental
problems in cosmology: the precise rate at
which the universe is expanding at the current
time, as well as measuring the amount of dark
energy in the universe from another angle."
Freedman led the ground-breaking Hubble
Space Telescope study that earlier had measured
the Hubble constant.
Glenn Wahlgren, Spitzer program scientist
at NASA Headquarters in Washington, said
infrared vision, which sees through dust to
provide better views of variable stars called
cepheids, enabled Spitzer to improve on past
measurements of the Hubble constant using
Cepheids.
"These pulsating stars are vital rungs in what
astronomers call the cosmic distance ladder:
a set of objects with known distances that,
when combined with the speeds at which the

The Las Vegas
Astronomical Society

Meets on the 1st Thursday of each
month at 7:30 pm in The Planetarium.
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estimate of our universe's expansion rate.
"Just over a decade ago, using the words
'precision' and 'cosmology' in the same sentence
was not possible, and the size and age of the
universe was not known to better than a factor
of two," said Freedman. "Now we are talking
about accuracies of a few percent. It is quite
extraordinary."
The study appears in the Astrophysical
Journal. Freedman's co-authors are Barry
Madore,Victoria Scowcroft, Chris Burns, Andy
Monson, S. Eric Person and Mark Seibert of
the Observatories of the Carnegie Institution
objects are moving away from us, reveal the and Jane Rigby of NASA's Goddard Space
expansion rate of the universe," said Wahlgren. Flight Center in Greenbelt, Md. f
Cepheids are crucial to the calculations
because their distances from Earth can be
measured readily. In 1908, Henrietta Leavitt
discovered these stars pulse at a rate directly
related to their intrinsic brightness.
To visualize why this is important, imagine
someone walking away from you while carrying
(NASA/SSC) NASA's Spitzer and Hubble
a candle. The farther the candle traveled, the
more it would dim. Its apparent brightness Space Telescopes have caught sight of luminous
would reveal the distance. The same principle quasars igniting after galaxies collide. Quasars
applies to cepheids, standard candles in our are bright, energetic regions around giant,
cosmos. By measuring how bright they appear active black holes in galactic centers.
The new observations shed light on a key
on the sky, and comparing this to their known
brightness as if they were close up, astronomers early period of galactic evolution when quasars
and their host galaxies begin to interact, but
can calculate their distance from Earth.
Spitzer observed 10 cepheids in our own Milky before the two have settled down after recent
Way galaxy and 80 in a nearby neighboring galactic smashups.
"For the first time in a large sample, we
galaxy called the Large Magellanic Cloud.
Without the cosmic dust blocking their view, the are catching galactic systems when feedback
Spitzer research team was able to obtain more between the galaxy and the quasar is still in
precise measurements of the stars' apparent action," said Tanya Urrutia, a postdoctoral
brightness, and thus their distances. These researcher at the Leibniz Institute for
data opened the way for a new and improved Astrophysics in Potsdam, Germany and lead
author of a study appearing in the Astrophysical
Journal. "Quasars profoundly influence galaxy
evolution and they shape the properties of the
massive galaxies we see today."
Although immensely powerful and visible
The ASN normally meets on the 2nd
across
billions of light years, quasars are
Tuesday of each month at 6:30 pm at
actually quite tiny, at least compared to an
the Fleischmann Planetarium.
entire galaxy. Quasars span a few light years,
Call 775-324-4814 for information.
and their inner areas casting out high-velocity
http://www.astronomynv.org/

Spitzer, Hubble See
Galaxy-Altering
Quasars Ignite

The Astronomical
Society of Nevada
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The Astronomy
Store
winds compare roughly in size only to that
of our solar system. It takes a beam of light
about ten hours to cross that distance. A
large galaxy, however, stretches across tens
of thousands of light years, or an area many
millions of times larger.
"An amazing aspect of this work is that
something that is happening on a very small
scale can affect the host galaxy so much," said
Urrutia. "To put it in context, it is a bit like
if somebody playing around with a stick at
the beach could affect the behavior of all the
oceans in the world."
The transition of young, star-making
galaxies to the old, quiet, elliptical galaxies
we see in the modern Universe is strongly
linked to the activity of central supermassive
black holes, astronomers have learned. When
galaxies merge together into a bigger galaxy,
central black holes spark up as quasars, send
out powerful winds and beam energy across
the cosmos. The new study probes how the
quasars work in altering the host galaxies'
star-making abilities.
Urrutia and her team looked at 13 particularly
jazzed-up quasars at a distance of about six
billion light-years or so, back when the universe
was a little more than half its current age. The
quasars' light was reddened by the presence
of lots of dust. Cosmic dust absorbs visible
light and then re-emits it in longer, redder
wavelengths, including the infrared light that
Spitzer sees.
The dustier, redder quasars turned up
in galaxies with more disturbed shapes, as
revealed in observations by Hubble. This
evidence pointed to those luminous quasars

The CSN Planetarium
open 5 pm to 9 pm Friday
& 3 pm to 9 pm Saturday
The Astronomy Store features items
for sale that are of interest to the patrons
of The Planetarium. We carry a wide
variety of novelties, toys and observing
aids with a space or astronomical theme.
When patrons obtain their tickets to
planetarium shows, they can also purchase
a variety of astronomically oriented items.
Friends of The Planetarium receive a 10%
discount.
having been ignited by a recent major merger
between two sizeable galaxies.
The astronomers also gauged how voraciously
the supermassive black holes at the hearts of
the quasars were feeding. In further Spitzer
observations, the researchers saw that the
reddest quasars most actively slurping up
matter occurred in the most disturbed galaxies.
In essence, Spitzer and Hubble witnessed the
galaxies and quasars in a stage of co-evolution,
with the state of one connected to the state
of the other.
Other findings of the new study bolster
theories about where this shared evolution
will lead. The galactic mergers, which ignited
central quasars and shrouded them in dust,
also kicked off waves of star formation. Stars
form from pockets of cold gas and dust, and
galaxy collisions are known to trigger bursts
of star birth.
Notably, the fast-feeding black holes that
sport prominent quasars in the study appear
to be growing still in size. Astronomers have
previously established a relationship between a
central black hole's mass and the brightness of
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a host galaxy. However, in the young quasars
studied, the black holes did not turn out to be
as massive as would be expected. The black
holes still have some catching up to do, it
seems, with the rest of the processes spurred
by the merger.
As the black holes grow, high-velocity winds
from these monsters will scatter the cold gas
needed to create new stars. In the process,
the galaxies will start to transition from stargenerating youth to an old age populated by
dying stars. Urrutia and her team noted winds
already rushing from some of the observed
galaxies' central supermassive black holes.
In the overall chronology of galactic
evolution, then, it looks like waves of new star
birth happen before the central holes grow
and their quasars flare. "According to our
results, the onset of star formation preceded
the ignition of the quasar," said Urrutia. "The
evolution of quasars is intimately linked with
the evolution of galaxies and the formation
of their stars." f

Mars Rock Touched By
NASA Curiosity Has
Surprises
(NASA/JPL) The first Martian rock NASA's
Curiosity rover has reached out to touch presents
a more varied composition than expected from
previous missions. The rock also resembles
some unusual rocks from Earth's interior.
The rover team used two instruments on
Curiosity to study the chemical makeup of
the football-size rock called "Jake Matijevic"
(matt-EE-oh-vick) The results support
some surprising recent measurements and
provide an example of why identifying rocks'
composition is such a major emphasis of the
mission. Rock compositions tell stories about
unseen environments and planetary processes.
"This rock is a close match in chemical
composition to an unusual but well-known
type of igneous rock found in many volcanic
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provinces on Earth," said Edward Stolper of
the California Institute of Technology, who
is a Curiosity co-investigator. "With only one
Martian rock of this type, it is difficult to know
whether the same processes were involved,
but it is a reasonable place to start thinking
about its origin."
On Earth, rocks with composition like the
Jake rock typically come from processes in
the planet's mantle beneath the crust, from
crystallization of relatively water-rich magma
at elevated pressure.
Jake was the first rock analyzed by the
rover's arm-mounted Alpha Particle X-Ray
Spectrometer (APXS) instrument and about
the thirtieth rock examined by the Chemistry
and Camera (ChemCam) instrument. Two
penny-size spots on Jake were analyzed Sept.
22 by the rover's improved and faster version
of earlier APXS devices on all previous Mars
rovers, which have examined hundreds of rocks.
That information has provided scientists a
library of comparisons for what Curiosity sees.
"Jake is kind of an odd Martian rock," said
APXS Principal Investigator Ralf Gellert of the
University of Guelph in Ontario, Canada. "It's
high in elements consistent with the mineral
feldspar, and low in magnesium and iron."
ChemCam found unique compositions at
each of 14 target points on the rock, hitting
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different mineral grains within it.
"ChemCam had been seeing compositions
suggestive of feldspar since August, and we're
getting closer to confirming that now with
APXS data, although there are additional
tests to be done," said ChemCam Principal
Investigator Roger Wiens (WEENS) of Los
onOrbit is made possible, in part,
Alamos National Laboratory in New Mexico.
by
donations from the Friends of The
Examination of Jake included the first
Planetarium.
Anyone can become a Friend
comparison on Mars between APXS results
by sending an annual donation of $25.00
and results from checking the same rock with
or more (checks made payable to: CSN
ChemCam, which shoots laser pulses from the
Foundation, Inc.) to:
top of the rover's mast.
The wealth of information from the two
The Planetarium - S1A
instruments checking chemical elements in
College of Southern Nevada
the same rock is just a preview. Curiosity also
3200 E. Cheyenne Avenue
carries analytical laboratories inside the rover
North Las Vegas, NV 89030
to provide other composition information
Benefits:
about powder samples from rocks and soil. The
•Receive onOrbit each month.
mission is progressing toward getting the first
•Discount admission to all shows.  
soil sample into those analytical instruments
•10% discount in the Astronomy Store.
during a "sol," or Martian day.
•Screen credit in prologue presentations
"Yestersol, we used Curiosity's first perfectly
prior to each public performance:
scooped sample for cleaning the interior
surfaces of our 150-micron sample-processing
Star ($25) - three months credit.
chambers. It's our version of a Martian
Nova ($50) - six months credit, discount
carwash," said Chris Roumeliotis, lead turret
		
admission for Friend & family.
Supernova ($100) - year credit, free
rover planner at NASA's Jet Propulsion
		
admission for Friend & discount
Laboratory in Pasadena, Calif.
		
admission for family.
Before proceeding, the team carefully studied
Star Cluster ($200) - year large credit, free
the material for scooping at a sandy patch
		
admission for Friend & family.
called "Rocknest," where Curiosity is spending
Galaxy ($500) - year large credit, free
about three weeks.
		
admission for Friend & all guests.
"That first sample was perfect, just the right
particle-size distribution," said JPL's Luther
Beegle, Curiosity sampling-system scientist.
"We had a lot of steps to be sure it was safe to
go through with the scooping and cleaning."
Following the work at Rocknest, the rover
team plans to drive Curiosity about 100 yards
eastward and select a rock in that area as the
first target for using the drill.
During a two-year prime mission, researchers
will use Curiosity's 10 instruments to assess
whether the study area ever has offered This image shows the wall of a scuff mark
environmental conditions favorable for NASA's Curiosity made in a windblown ripple
microbial life. f
of Martian sand with its wheel.

Friends of The
CSN Planetarium

Be a Star in Our Sky
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Bounce, Skid, Wobble:
How Huygens Landed
on Titan
(NASA/ESSA) The European Space Agency's
Huygens probe, ferried to Saturn's moon Titan
by NASA's Cassini spacecraft, bounced, slid
and wobbled its way to rest in the 10 seconds
after touching down on Titan in January 2005,
a new analysis reveals. The moon's surface
is more complex than previously thought.
Scientists reconstructed the chain of events
by analyzing data from a variety of instruments
that were active during
the impact, in particular
changes in the acceleration.
The instrument data were
compared with results from
computer simulations and
a drop test using a model
of Huygens designed to
replicate the landing.
The analysis reveals that, on first contact
with Titan's surface, Huygens made a dent
4.7 inches deep, before bouncing out onto a
flat surface. The Huygens probe, which had
a mass of about 400 pounds, hit the ground
with an impact speed that was similar to
dropping a ball on Earth from a height of
about 3 feet. The probe, tilted by about 10°
in the direction of motion, then slid 12 to 16
inches across the surface. It slowed due to
friction with the surface and, upon coming
to its final resting place, wobbled back and
forth five times. Each wobble was about half
as large as the previous one. Huygens' sensors
continued to detect small vibrations for another
two seconds, until motion subsided nearly 10
seconds after touchdown.
"A spike in the acceleration data suggests
that during the first wobble, the probe likely
encountered a pebble protruding by about an
inch from the surface of Titan, and may have
even pushed it into the ground, suggesting
that the surface had a consistency of soft,
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damp sand," said Stefan Schröder of the Max
Planck Institute for Solar System Research,
lead author of the paper reporting the results
in the journal Planetary and Space Science.
Previous work measured the firmness of
Titan's surface during the Huygens impact.
Those results found the surface to be quite
soft. The new work goes one step farther
to demonstrate that if something put little
pressure on the surface, the surface was hard,
but if an object put more pressure on the
surface, it sank in significantly.
"It is like snow that has been frozen on top,"
said Erich Karkoschka, a co-author at the
University of Arizona. "If you walk carefully,
you can walk as on a solid
surface, but if you step on
the snow a little too hard,
you break in very deeply."
Had the probe impacted
a wet, mud-like substance,
its instruments would have
recorded a "splat" with
no further indication of
bouncing or sliding. The surface must have
therefore been soft enough to allow the probe
to make a sizeable depression, but hard enough
to support Huygens rocking back and forth.
"We also see in the Huygens landing data
evidence of a 'fluffy' dust-like material,most
likely organic aerosols that are known to drizzle
out of the Titan atmosphere, being thrown up
into the atmosphere and suspended there for
around four seconds after the impact," said
Schröder.
Since the dust was easily lifted, it was most
likely dry, suggesting that there had not been
any rain of liquid ethane or methane for some
time prior to the landing.
"This study takes us back to the historical
moment of Huygens touching down on the
most remote alien world ever visited by a
landing probe," added ESA's Cassini-Huygens
project scientist, Nicolas Altobelli. "Huygens
data, even years after mission completion, are
providing us with a new dynamical 'feeling'
for these crucial first seconds of landing." f
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Month in
History
December

1: The Soviet Mars 3 became the first spacecraft
to land on the surface of Mars and return
signals to the earth in 1971.
2: The American Pioneer 10 became the first
craft to return close pictures of Jupiter in
its flyby in 1973. NASA stopped receiving
data from this craft as it left the solar system.
3: The American Pioneer Venus 1 became the
first craft to orbit the planet Venus in 1978.
4: The Mars Pathfinder mission carrying the
Sojourner robot rover was launch on this
date in 1996.
6: The American Unity and the Russian Zarya
modules are docked together to form the
initial core of the International Space
Station in 1998.
7: Apollo 17, the sixth and final manned landing
mission to the moon, was launched on this
date in 1972.
7: The Galileo mission to Jupiter arrived on
this date in 1995. It released a probe into
the giant planet's atmosphere as the craft
entered orbit. The orbiter continued to
study Jupiter and its moons for the next
eight years.
13: Abel Tasman, namesake for Tasmania,
was the first European to land in New
Zealand in 1642.
14: Tycho Brahe, the Danish nobleman whose
observations enabled Johannes Kepler (see
December 27) to determine the Laws of
Planetary Motion, was born in 1546. He
became the Astronomer Royal of Denmark
and built a major observatory on the island
of Hven.
14: Raold Amundsen became the first explorer
to reach the south pole of the earth in 1911.
15: The Soviet Venera 7 became the first
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spacecraft to successfully land on the surface
of Venus. It returned some data and one
photograph during 20 minutes in 1970
before the extreme conditions destroyed it.
17: The Wright Brothers achieved the first
flight by a heavier than air craft in 1903
when the Wright Flier flew for 120 feet.
18: The first voice from space was a recorded
Christmas message from President
Eisenhower in 1958. The signal was relayed
from a radio repeater in an Atlas missile
from a low orbit of the earth.
21: A space endurance record of 366 days was
set by cosmonaut Musa Manarov aboard the
Soviet space station Mir in 1988. Manarov
became the first human to spend one year
in space.
24: Apollo 8 became the first craft with a
human crew to orbit the moon in 1968.
The crew was Frank Borman, James Lovell
and William Anders.
25: Isaac Newton was born on Christmas Day
in 1642. Newton is noted for first describing
the Law of Gravity, the three general Laws
of Motion and the Calculus.
27: The Polish astronomer and mathematician
Johannes Kepler was born in 1571. Using
the observations of Tycho Brahe, Kepler
derived the three Laws of Planetary Motion
between 1602 and 1620.
28: Sir Arthur Eddington, founder of the
discipline of astrophysics, was born in 1882.
28: The United States announced a study to
investigate the possibility of launching an
artificial satellite of the earth on this date
in 1948. f

Take a Field Trip to
a Planetarium

Shows available for all grade levels
are offered Monday thru Friday at
both the Fleischmann Planetarium
and the CSN Planetarium.
For information, call 702-651-4505 in
Las Vegas or 775-784-4812 in Reno.
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Sky
Calendar

December

Dwarf Planets. (At mid-month - 15th)

Planet
Constellation
Transit
Pluto
Sagittarius
12:38 pm (34°)
Ceres
Taurus
11:47 pm (79°)
Eris
Cetus
7:40 pm (50°)
MakeMake Coma Berenices 6:50 am (80°)
All times are Pacific Standard time. Rise and Haumea Boötes
7:59 am (71°)
set times are for the astronomical horizon at
All Dwarf Planets require a telescope. Ceres
Las Vegas or Reno as noted.
is visible through most amateur telescopes.
Pluto usually requires a telescope of at least
The Planets
12" diameter. Dwarf planets beyond the orbit
of Neptune can also be referred to as Plutoids.
Mercury. Mercury is in the morning sky during Eris ("EE-ris"), MakeMake (mah-keh-mahthe first week of the month. Greatest western keh) and Haumea, like most Plutoids, require a
elongation (21°) occurs on December 4. professional sized telescope. Transit times and
Venus. Venus is visible in the morning sky altitudes (from Las Vegas) are when the object
rising shortly before the sun. Look for is at its highest in the southern sky. Each will
the waning crescent moon 2° below and appear slightly lower in the sky from Reno. f
to the right of Venus on the morning of
December 11.
Mars. Mars, in Sagittarius this month, is low
in the southwest at sunset. It sets about two
hours after the sun.
Jupiter. Jupiter, in Taurus just east of the
Hyades star cluster and the bright star
Aldebaran, is rising in the early evening.
Opposition occurs on December 2 when
it will be rising in the east as the sun sets
in the west.
Saturn. Saturn, in Libra, is low in the eastern
sky before sunrise. It rises at about 3 am
at mid-month.
Uranus. Uranus, in Pisces, is high in the south
in the early evening. The waxing gibbous
moon passes about 6° north of Uranus on
the evening of December 20.
Neptune. Neptune, in Aquarius, is in the
southwest in the early evening. It is about
34° west of Uranus. The waxing crescent
moon passes about 5° north of Neptune
on the evening of December 17.

The Moon
Each day the moon rises about one hour
later than the day before. The New Moon (not
visible) is in the direction of the sun and rises
and sets with the sun. The first quarter moon
rises at about noon and sets near midnight.
The full moon is opposite the sun in the sky
and rises at sunset and sets at sunrise. The
last quarter moon rises near midnight and
sets near noon. Perigee is when the moon is
closest to the earth and apogee is when it is
farthest. The distance varies by ±6% from
the average.
Full Moon
Last quarter
New Moon
First quarter
Full Moon

Nov. 28
Dec. 6
Dec. 13
Dec. 19
Dec. 28

6:46 am pst
7:31 am
12:42 am
9:19 pm
2:21 am

Apogee
Perigee
Apogee

Nov. 28
Dec. 12
Dec. 25

11:36 am pst
3:15 pm
1:21 pm
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The Sun

Date
Dec. 1
Dec. 4
Dec. 7
Dec. 10
Dec. 13
Dec. 16
Dec. 19
Dec. 22
Dec. 25
Dec. 28
Dec. 31

Las Vegas

Sunrise
6:34 am pst
6:36
6:39
6:41
6:43
6:45
6:47
6:49
6:50
6:51
6:52

Sunset
4:26 pm pst
4:26
4:26
4:26
4:27
4:27
4:29
4:31
4:32
4:34
4:36
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The Sun

Day
Sat.
Tue.
Fri.
Mon.
Thu.
Sun.
Wed.
Sat.
Tue.
Fri.
Mon.

Winter Solstice

Date
Dec. 1
Dec. 4
Dec. 7
Dec. 10
Dec. 13
Dec. 16
Dec. 19
Dec. 22
Dec. 25
Dec. 28
Dec. 31

Reno

Sunrise
7:01 am pst
7:04
7:07
7:09
7:12
7:14
7:15
7:17
7:18
7:19
7:20

Sunset
4:36 pm pst
4:35
4:35
4:35
4:36
4:37
4:38
4:40
4:41
4:43
4:46

Day
Sat.
Tue.
Fri.
Mon.
Thu.
Sun.
Wed.
Sat.
Tue.
Fri.
Mon.

shower are caused by debris from an unnamed,
comet. The asteroid 3200 Phæthon is traveling
on virtually the same path as the particles
from the stream and is thought to be the dead
nucleus of the comet.
This shower is usually one of the best showers
of the year producing nearly 100 meteors
per hour at its peak. The new moon will not
interfere with the shower this year as it will
be rising and setting with the sun.
Meteors are best seen after midnight where
the sky is clear and dark. This means the
observer must get away from city lights. For
the typical metropolitan area, you need to get
at least 30 miles away from the city.
Meteors from a shower can be seen anywhere
in the sky. Because the particles causing the
meteors are traveling on parallel paths, you
can trace back the path of each meteor to a
common place in the sky. This place is called
the radiant for the shower. The radiant for
the Geminids is near the star Castor in the
constellation of Gemini.
The next major meteor shower will be in the
first week of January. The Quadrantids are
usually a very good shower. The Quadrantid
Meteor Shower
meteor shower usually produces 50 to 100
The Geminid meteor shower is expected meteors per hour. The Quadrantids are
to reach its peak near midnight on the night expected to be poor as the moon will be in a
of December 13/14. The meteors from this waning gibbous phase. f
Winter officially begins with the Winter
Solstice which will occur at 3:12 am pst on
December 21.
The winter solstice is that moment when
the apparent position of the sun, as the earth
revolves around the sun, is at its southern most
position. This occurs when the north pole of
the earth is tipped away from the sun. This is
the day with the least amount of daylight and
the greatest amount of night. In Las Vegas,
this is 9H hours of daylight and 14H hours of
darkness. The noon time sun is at its lowest
elevation for the year (about 30° for Las Vegas
and 27° for Reno).
On this date, the energy gained by the ground
in the daytime is a minimum and the energy
lost by the ground at night is a maximum.
This causes the average temperatures to fall at
their greatest rate. The lowest temperatures
normally occur about six weeks later when the
energy gained and energy lost balances between
day and night. This is why the coldest part
of the year normally occurs in February. f

Now Playing
In Las Vegas

Season of Light

In Reno

Solar MaxTM

in Skydome 8/70

2012: Mayan Prophecies

Tales of the Maya
Skies
TM

Seasonal Stargazing

Impact Earth
TM

all in Digistar 5TM

in SciDome
in SciDome

Seasonal Stargazing

The CSN Planetarium and The Fleischmann Planetarium are units of the
Nevada System of Higher Education.
CSN President: Dr. Michael Richards
UNR President: Dr. Marc Johnson
NSHE Chancellor: Daniel Klaich
NSHE Board of Regents: Dr. Jason Geddes - Chair, Kevin Page - Vice Chair,
Mark Alden, Dr. Andrea Anderson, Robert Blakely, Cedric Crear, Dr. Mark
Doubrava, Ronald Knecht, James Dean Leavitt, Kevin Melcher, Dr. Jack Lund
Schofield, Rick Trachok, Michael Wixom.

Contact us at:
The Planetarium - S1A

Fleischmann Planetarium

College of Southern Nevada
3200 E. Cheyenne Avenue
North Las Vegas, NV 89030-4228

University of Nevada
1664 N. Virginia Street
Reno, NV 89557-0010

http://www.csn.edu/planetarium/

Address corrections:
pam.maher@csn.edu

http://planetarium.unr.edu/

Address corrections:
joanne@unr.edu

