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Annular Eclipse of the
Sun by Phobos, as
Seen by Curiosity
(NASA/JPL) This set of three images shows
views three seconds apart as the larger of Mars'
two moons, Phobos, passed directly in front of
the sun as seen by NASA's Mars rover Curiosity.
Curiosity photographed this annular, or ring,
eclipse with the telephoto-lens camera of the
rover's Mast Camera pair (right Mastcam) on
August 20, 2013, the 369th Martian day, or sol,
of Curiosity's work on Mars.
Curiosity paused during its drive that sol
for a set of observations that the camera team
carefully calculated to record this celestial
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event. The rover's observations of Phobos
help researchers to make measurements of the
moon's orbit even more precise. Because this
eclipse occurred near mid-day at Curiosity's
location on Mars, Phobos was nearly overhead,
closer to the rover than it would have been
earlier in the morning or later in the afternoon.
This timing made Phobos' silhouette larger
against the sun, as close to a total eclipse of
the sun as is possible from Mars. Neither of
Mars' two moons is large enough to produce
a total solar eclipse as seen from the surface of
Mars. Deimos, Mars' second moon is smaller
and further from the Martian surface than
Phobos making it appear much smaller than
Phobos when it passes in front of the sun.
Malin Space Science Systems, San Diego,
built and operates Mastcam. NASA's Jet
Propulsion Laboratory manages the Mars
Science Laboratory mission and the mission's
Curiosity rover for NASA's Science Mission
Directorate in Washington. The rover was
designed, developed and assembled at JPL,
a division of the California Institute of
Technology in Pasadena. f
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Spacecraft Finds
Ingredient of
Household Plastic in
Space
(NASA/JPL) NASA's Cassini spacecraft has
detected propylene, a chemical used to make
food-storage containers, car bumpers and other
consumer products, on Saturn's moon Titan.
This is the first definitive detection of the
plastic ingredient on any moon or planet,
other than Earth.
A small amount of propylene was identified
in Titan's lower atmosphere by Cassini's
composite infrared spectrometer (CIRS).
This instrument measures the infrared light,
or heat radiation, emitted from Saturn and
its moons in much the same way our hands
feel the warmth of a fire.
Propylene is the first molecule to be discovered
on Titan using CIRS. By isolating the same
signal at various altitudes within the lower
atmosphere, researchers identified the chemical
with a high degree of confidence. Details are
presented in a paper in the Sept. 30 edition
of the Astrophysical Journal Letters.
"This chemical is all around us in everyday
life, strung together in long chains to form
a plastic called polypropylene," said Conor
Nixon, a planetary scientist at NASA's Goddard
Space Flight Center in Greenbelt, Md., and lead
author of the paper. "That plastic container
at the grocery store with the recycling code 5
on the bottom, that's polypropylene."
CIRS can identify a particular gas glowing
in the lower layers of the atmosphere from its
unique thermal fingerprint. The challenge is
to isolate this one signature from the signals
of all other gases around it.
onOrbit is made available to all K-12

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

Cassini looks toward the night side of Saturn's
largest moon and sees sunlight scattering
through the periphery of Titan's atmosphere
and forming a ring of color.

The detection of the chemical fills in a
mysterious gap in Titan observations that
dates back to NASA's Voyager 1 spacecraft and
the first-ever close flyby of this moon in 1980.
Voyager identified many of the gases in Titan's
hazy brownish atmosphere as hydrocarbons, the
chemicals that primarily make up petroleum
and other fossil fuels on Earth.
On Titan, hydrocarbons form after sunlight
breaks apart methane, the second-most
plentiful gas in that atmosphere. The newly
freed fragments can link up to form chains
with two, three or more carbons. The family
of chemicals with two carbons includes the
flammable gas ethane. Propane, a common
fuel for portable stoves, belongs to the threecarbon family.
Previously, Voyager found propane, the
heaviest member of the three-carbon family,
and propyne, one of the lightest members.
But the middle chemicals, one of which is
propylene, were missing.
As researchers continued to discover more
and more chemicals in Titan's atmosphere
using ground- and space-based instruments,
propylene was one that remained elusive. It
was finally found as a result of more detailed
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analysis of the CIRS data.
"This measurement was very difficult to
make because propylene's weak signature
is crowded by related chemicals with much
stronger signals," said Michael Flasar, Goddard
scientist and principal investigator for CIRS.
"This success boosts our confidence that we
will find still more chemicals long hidden in
Titan's atmosphere."
Cassini's mass spectrometer, a device that
looks at the composition of Titan's atmosphere,
had hinted earlier that propylene might be
present in the upper atmosphere. However,
a positive identification had not been made.
"I am always excited when scientists discover
a molecule that has never been observed before
in an atmosphere," said Scott Edgington,
Cassini's deputy project scientist at NASA's
Jet Propulsion Laboratory in Pasadena, Calif.
"This new piece of the puzzle will provide an
additional test of how well we understand
the chemical zoo that makes up Titan's
atmosphere."
The Cassini-Huygens mission is a cooperative
project of NASA, the European Space Agency
and the Italian Space Agency. JPL, a division
of the California Institute of Technology,
Pasadena, manages the mission for NASA's
Science Mission Directorate in Washington.
The CIRS team is based at Goddard. f

How Engineers
Revamped Spitzer to
Probe Exoplanets
(NASA/SSC) Now approaching its 10th
anniversary, NASA's Spitzer Space Telescope
has evolved into a premier observatory for
an endeavor not envisioned in its original
design: the study of worlds around other stars,
called exoplanets. While the engineers and
scientists who built Spitzer did not have this
goal in mind, their visionary work made this
unexpected capability possible. Thanks to
the extraordinary stability of its design and a
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series of subsequent engineering reworks, the
space telescope now has observational powers
far beyond its original limits and expectations.
"When Spitzer launched back in 2003, the
idea that we would use it to study exoplanets
was so crazy that no one considered it," said
Sean Carey of NASA's Spitzer Science Center
at the California Institute of Technology in
Pasadena. "But now the exoplanet science
work has become a cornerstone of what we
do with the telescope."
Spitzer views the universe in the infrared
light that is a bit less energetic than the light
our eyes can see. Infrared light can easily pass
through stray cosmic gas and dust, allowing
researchers to peer into dusty stellar nurseries,
the centers of galaxies, and newly forming
planetary systems.
This infrared vision of Spitzer's also translates
into exoplanet snooping. When an exoplanet
crosses or "transits" in front of its star, it blocks
out a tiny fraction of the starlight. These
mini-eclipses as glimpsed by Spitzer reveal
the size of an alien world.
Exoplanets emit infrared light as well,
which Spitzer can capture to learn about their
atmospheric compositions. As an exoplanet
orbits its sun, showing different regions of
its surface to Spitzer's cameras, changes in
overall infrared brightness can speak to the
planet's climate. A decrease in brightness as
the exoplanet then goes behind its star can
also provide a measurement of the world's
temperature.
While the study of the formation of stars
and the dusty environments from which
planets form had always been a cornerstone
of Spitzer's science program, its exoplanet
work only became possible by reaching an
unprecedented level of sensitivity, beyond its
original design specifications.
Researchers had actually finalized the
telescope's design in 1996 before any transiting
exoplanets had even been discovered. The high
degree of precision in measuring brightness
changes needed for observing transiting
exoplanets was not considered feasible
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in infrared because no previous infrared
instrument had offered anything close to
what was needed.
Nevertheless, Spitzer was built to have
excellent control over unwanted temperature
variations and a better star-targeting pointing
system than thought necessary to perform
its duties. Both of these foresighted design
elements have since paid dividends in obtaining
the extreme precision required for studying
transiting exoplanets.
The fact that Spitzer can still do any science
work at all still can be credited to some earlyin-the-game, innovative thinking. Spitzer
was initially loaded with enough coolant to
keep its three temperature-sensitive science
instruments running for at least two-anda-half years. This "cryo" mission ended up
lasting more than five-and-a-half-years before
exhausting the coolant.
But Spitzer's engineers had a built-in backup
plan. A passive cooling system has kept one
set of infrared cameras humming along at a
super-low operational temperature of minus
407° F (-244° C, or 29° above absolute zero).
The infrared cameras have continued operating
at full sensitivity, letting Spitzer persevere in a
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Society of Nevada
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"warm" extended mission, so to speak, though
still extremely cold by Earthly standards.
To stay so cool, Spitzer is painted black
on the side that faces away from the sun,
which enables the telescope to radiate away a
maximum amount of heat into space. On the
sun-facing side, Spitzer has a shiny coating that
reflects as much of the heat from the sun and
solar panels as possible. It is the first infrared
telescope to use this innovative design and
has set the standard for subsequent missions.
Fully transitioning Spitzer into an exoplanet
spy required some clever modifications in-flight
as well, long after it flew beyond the reach of
human hands into an Earth-trailing orbit.
Despite the telescope's excellent stability, a
small "wobbling" remained as it pointed at
target stars. The cameras also exhibited small
brightness fluctuations when a star moved
slightly across an individual pixel of the camera.
The wobble, coupled with the small variation in
the cameras, produced a periodic brightening
and dimming of light from a star, making the
delicate task of measuring exoplanet transits
that much more difficult.
To tackle these issues, engineers first began
looking into a source for the wobble. They
noticed that the telescope's trembling followed
an hourly cycle. This cycle, it turned out,
coincided with that of a heater, which kicks on
periodically to keep a battery aboard Spitzer
at a certain temperature. The heater caused a
strut between the star trackers and telescope to
flex a bit, making the position of the telescope
wobble compared to the stars being tracked.
Ultimately, in October 2010, the engineers
figured out that the heater did not need to be
cycled through its full hour and temperature
range, 30 minutes and about 50% of the
heat would do. This tweak served to cut the
telescope's wobble in half.
Spitzer's engineers and scientists were still not
satisfied, however. In September 2011, they
succeeded in repurposing Spitzer's Pointing
Control Reference Sensor "Peak-Up" camera.
This camera was used during the original cryo
mission to put gathered infrared light precisely
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into a spectrometer and to perform routine
calibrations of the telescope's star-trackers,
which help point the observatory. The telescope
naturally wobbles back and forth a bit as it
stares at a particular target star or object. Given
this unavoidable jitter, being able to control
where light goes within the infrared camera
is critical for obtaining precise measurements.
The engineers applied the Peak-Up to the
infrared camera observations, thus allowing
astronomers to place stars precisely on the
center of a camera pixel.
Since repurposing the Peak-Up Camera,
astronomers have taken this process even
further, by carefully "mapping" the quirks
of a single pixel within the camera. They
have essentially found a "sweet spot" that
returns the most stable observations. About
90% of Spitzer's exoplanet observations are
finely targeted to a sub-pixel level, down to a
particular quarter of a pixel. "We can use the
Peak-Up camera to position ourselves very
precisely on the camera and put light right
on the best part of a pixel," said Carey. "So
you put the light on the sweet spot and just
let Spitzer stare."
These three accomplishments, the modified
heater cycling, repurposed Peak-Up camera
and the in-depth characterization of individual
pixels in the camera, have more than doubled
Spitzer's stability and targeting, giving the
telescope exquisite sensitivity when it comes
to taking exoplanet measurements.
"Because of these engineering modifications,
Spitzer has been transformed into an exoplanetstudying telescope," said Carey. "We expect
plenty of great exoplanetary science to come
from Spitzer in the future."
NASA's Jet Propulsion Laboratory manages
the Spitzer Space Telescope mission for NASA's
Science Mission Directorate in Washington.
Science operations are conducted at the
Spitzer Science Center at the California
Institute of Technology. Data are archived
at the Infrared Science Archive housed at the
Infrared Processing and Analysis Center at
Caltech. Caltech manages JPL for NASA. f
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NASA Space
Telescopes Find
Patchy Clouds on
Exotic World
(NASA/SSC) Astronomers using data from
NASA's Kepler and Spitzer space telescopes
have created the first cloud map of a planet
beyond our solar system, a sizzling, Jupiterlike world known as Kepler-7b.
The planet is marked by high clouds in the
west and clear skies in the east. Previous studies
from Spitzer have resulted in temperature maps
of planets orbiting other stars, but this is the
first look at cloud structures on a distant world.
"By observing this planet with Spitzer and
Kepler for more than three years, we were

able to produce a very low-resolution 'map'
of this giant, gaseous planet," said BriceOlivier Demory of Massachusetts Institute
of Technology in Cambridge. Demory is lead
author of a paper accepted for publication in
the Astrophysical Journal Letters. "We wouldn't
expect to see oceans or continents on this type
of world, but we detected a clear, reflective
signature that we interpreted as clouds."
Kepler has discovered more than 150
exoplanets, which are planets outside our
solar system, and Kepler-7b was one of the
first. The telescope's problematic reaction
wheels prevent it from hunting planets any
more, but astronomers continue to pore over
almost four years' worth of collected data.
Kepler's visible-light observations of Kepler-
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7b's moon-like phases led to a rough map of
the planet that showed a bright spot on its
western hemisphere. But these data were not
enough on their own to decipher whether the
bright spot was coming from clouds or heat.
The Spitzer Space Telescope played a crucial
role in answering this question.
Like Kepler, Spitzer can fix its gaze at a star
system as a planet orbits around the star,
gathering clues about the planet's atmosphere.
Spitzer's ability to detect infrared light means it
was able to measure Kepler-7b's temperature,
estimating it to be between 1,500° and 1,800°
F. This is relatively cool for a planet that orbits
so close to its star, within 0.06 astronomical
units (one astronomical unit is the distance
from Earth and the sun), and, according to
astronomers, too cool to be the source of light
Kepler observed. Instead, they determined, light
from the planet's star is bouncing off cloud
tops located on the west side of the planet.
"Kepler-7b reflects much more light than
most giant planets we've found, which we
attribute to clouds in the upper atmosphere,"
said Thomas Barclay, Kepler scientist at NASA's
Ames Research Center in Moffett Field, Calif.
"Unlike those on Earth, the cloud patterns
on this planet do not seem to change much
over time, it has a remarkably stable climate."
The findings are an early step toward using
similar techniques to study the atmospheres
of planets more like Earth in composition
and size.
"With Spitzer and Kepler together, we have a
multi-wavelength tool for getting a good look
at planets that are trillions of miles away," said
Paul Hertz, director of NASA's Astrophysics
Division in Washington. "We're at a point
now in exoplanet science where we are moving
beyond just detecting exoplanets, and into
the exciting science of understanding them."
Kepler identified planets by watching for dips
in starlight that occur as the planets transit, or
pass in front of their stars, blocking the light.
This technique and other observations of
Kepler-7b previously revealed that it is one of
the puffiest planets known: if it could somehow
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be placed in a tub of water, it would float. The
planet was also found to whip around its star
in just less than five days.
Explore all 900-plus exoplanet discoveries
with NASA's "Eyes on Exoplanets," a fully
rendered 3D visualization tool, available for
download at http://eyes.nasa.gov/exoplanets/.
The program is updated daily with the latest
findings from NASA's Kepler mission and
ground-based observatories around the world
as they search for planets like our own.
Other authors include: Julien de Wit,
Nikole Lewis, Andras Zsom and Sara Seager
of Massachusetts Institute of Technology;
Jonathan Fortney of the University of
California, Santa Cruz; Heather Knutson
and Jean-Michel Desert of the California
Institute of Technology, Pasadena; Kevin
Heng of the University of Bern, Switzerland;
Nikku Madhusudhan of Yale University, New
Haven, Conn.; Michael Gillon of the University
of Liège, Belgium; Vivien Parmentier of the
French National Center for Scientific Research,
France; and Nicolas Cowan of Northwestern
University, Evanston, Ill. Lewis is also a NASA
Sagan Fellow.
NASA's Jet Propulsion Laboratory, Pasadena,
Calif., manages the Spitzer Space Telescope
mission for NASA. Science operations are
conducted at the Spitzer Science Center at
Caltech. Data are archived at the Infrared
Science Archive housed at the Infrared
Processing and Analysis Center at Caltech.
Caltech manages JPL for NASA.
Ames is responsible for Kepler's ground system
development, mission operations and science
data analysis. JPL managed Kepler mission
development. Ball Aerospace & Technologies
Corp. in Boulder, Colo., developed the Kepler
flight system and supports mission operations
with the Laboratory for Atmospheric and
Space Physics at the University 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 Directorate. f
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Densest Galaxy in
Nearby Universe
(NASA/STScI) The densest galaxy in the
nearby universe may have been found. The
galaxy, known as M60-UCD1, is located near a
massive elliptical galaxy NGC 4649, also called
M60, about 54 million light-years from Earth.
This composite image shows M60 and the
region around it, where data from NASA's
Chandra X-ray Observatory are pink and data
from NASA's Hubble Space Telescope are red,
green and blue. The Chandra image shows
hot gas and double stars containing black
holes and neutron stars, and the Hubble image
reveals stars in M60 and neighboring galaxies
including M60-UCD1. The arrow points to
M60-UCD1.
Packed with an extraordinary number
of stars, M60-UCD1 is an "ultra-compact
dwarf galaxy." It was discovered with Hubble,
and follow-up observations were done with
Chandra and ground-based optical telescopes.
It is the most luminous known galaxy of its
type and one of the most massive, weighing
200 million times more than our Sun, based

Page 9

The Astronomy
Store
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.
on observations with the Keck 10-meter
telescope in Hawaii. Remarkably, about half
of this mass is found within a radius of only
about 80 light-years. This would make the
density of stars about 15,000 times greater
than found in Earth's neighborhood
in the Milky Way, meaning that the
stars are about 25 times closer.
The 6.5-meter Multiple Mirror
Telescope in Arizona was used
to study the amount of elements
heavier than hydrogen and helium
in stars in M60-UCD1. The values
were found to be similar to our Sun.
Another intriguing aspect of
M60-UCD1 is that the Chandra data
reveal the presence of a bright X-ray
source in its center. One explanation
for this source is a giant black hole
weighing in at some 10 million times
the mass of the Sun.
Astronomers are trying to
determine if M60-UCD1 and other
ultra-compact dwarf galaxies are
either born as jam-packed star
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clusters or if they are galaxies that get smaller
because they have stars ripped away from
them. Large black holes are not found in star
clusters, so if the X-ray source is in fact due to
a massive black hole, it was likely produced by
collisions between the M60-UCD1 and one
or more nearby galaxies. M60-UCD1's great
mass and the abundances of elements heavier
than hydrogen and helium are also arguments
for the theory that galaxy is the remnant of a
much larger galaxy.
If this stripping did occur, then the galaxy
was originally 50 to 200 times more massive
than it is now, which would make the mass
of its black hole relative to the original mass
of the galaxy more like the Milky Way and
many other galaxies. It is possible that this
stripping took place long ago and that M60UCD1 has been stalled at its current size for
several billion years. The researchers estimate
that M60-UCD1 is more than about 10 billion
years old.
These results appear online and have been
published in the September 20th issue of The
Astrophysical Journal Letters. The first author
is Jay Strader, of Michigan State University.
The co-authors are Anil Seth from University
of Utah; Duncan Forbes from Swinburne
University, Australia; Giuseppina Fabbiano
from Harvard-Smithsonian Center for
Astrophysics (CfA); Aaron Romanowsky from
San Jose State University; Jean Brodie from
University of California Observatories/Lick
Observatory; Charlie Conroy from University
of California, Santa Cruz; Nelson Caldwell from
CfA; Vincenzo Pota and Christopher Usher
from Swinburne University; and Jacob Arnold
from University of California Observatories/
Lick Observatory. f

The Las Vegas
Astronomical Society

Meets on the 1st Thursday of each
month at 7:30 pm in The Planetarium.
Call 702-561-7469 for information.
http://www.lvastronomy.com/
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Rover Inspects Pebbly
Rocks at Martian
Waypoint
(NASA/JPL) NASA's Mars rover Curiosity
has resumed a trek of many months toward
its mountain-slope destination, Mount Sharp.
The rover used instruments on its arm recently
to inspect rocks at its first waypoint along the
route inside Gale Crater.
The location, originally chosen on the basis of
images taken from NASA's Mars Reconnaissance
Orbiter, paid off with investigation of targets
that bear evidence of ancient wet environments.
"We examined pebbly sandstone deposited
by water flowing over the surface, and veins
or fractures in the rock," said Dawn Sumner
of University of California, Davis, a Curiosity
science team member with a leadership role
in planning the stop. "We know the veins are
younger than the sandstone because they cut
through it, but they appear to be filled with
grains like the sandstone."
This Waypoint 1 site at an outcrop called

NASA's Mars rover Curiosity used a new
technique, with added autonomy for the rover,
in placement of the tool-bearing turret on its
robotic arm during the 399th Martian day, or
sol, of the mission.
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"Darwin" is the first of up to five waypoint
stops planned along the route of about 5.3 miles
between the "Glenelg" area, where Curiosity
worked for the first half of 2013, and an entry
point to the lower slope of Mount Sharp, the
mission's main destination. It is about onefifth of the way along the route. The rover
departed Waypoint 1 on September 22 with
a westward drive of about 75 feet.
Curiosity's science team planned the
waypoints to collect information about the
geology between Glenelg and Mount Sharp.
Researchers want to understand relationships
between what the mission already discovered
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This mosaic of nine images, taken by the
Mars Hand Lens Imager (MAHLI) camera on
NASA's Mars rover Curiosity, shows detailed
texture in a conglomerate rock bearing small
pebbles and sand-size particles.

at Glenelg and what it may find in the multiple
layers of Mount Sharp. Analysis of drilled
samples from veined "Yellowknife Bay" rocks
in the Glenelg area provided evidence for a
past lakebed environment with conditions
favorable for microbial life. That means the
mission has fulfilled its principal science goal.
"We want to understand the history of water
in Gale Crater," Sumner said. "Did the water

Star ($25) - three months credit.
Nova ($50) - six months credit, discount
		
admission for Friend & family.
Supernova ($100) - year credit, free
		
admission for Friend & discount
		
admission for family.
Star Cluster ($200) - year large credit, free
		
admission for Friend & family.
Galaxy ($500) - year large credit, free
		
admission for Friend & all guests.
flow that deposited the pebbly sandstone at
Waypoint 1 occur at about the same time as
the water flow at Yellowknife Bay? If the same
fluid flow produced the veins here and the veins
at Yellowknife Bay, you would expect the veins
to have the same composition. We see that
the veins are different, so we know the history
is complicated. We use these observations to
piece together the long-term history."
Researchers set the top priority for the
Waypoint 1 stop to be examination of a
conglomerate rock outcrop, such as the pebbly
sandstone. The veins were a bonus.
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"As often happens, the closer we get, the
more is revealed," said Kenneth Williford of
NASA's Jet Propulsion Laboratory, Pasadena,
Calif., a Curiosity science team member active
in planning use of the rover's arm. The first
specific location at Waypoint 1 for parking
the rover and using the instruments on its
arm was selected because images taken from
nearly a football-field's length away showed
outcrops that looked like conglomerate. Once
Curiosity approached that location, new images
showed the veins, so a second location for use
of the arm was added to the plan.
The rover spent one day using its arm at
the first location and three more using its
arm from the second location. On all four of
these "contact-science" days, the investigations
employed two instruments that are mounted
in the turret at the end of the arm: the Alpha
Particle X-ray Spectrometer, which identifies
chemical elements present in a target, and the
Mars Hand Lens Imager, which shows targets'
textures, shapes and colors.
Another device on the turret still holds some
powder from a rock that Curiosity drilled into
for sample collection at Yellowknife Bay four
months ago. The laboratory instruments inside
the rover have already analyzed portions from
this sample, but researchers have options of
many different instrument settings for doing
further analyses. In weeks ahead, additional
portions from the sieved powder being held
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in the arm may be delivered for those analyses.
The powder is a precious scientific resource,
but it also presents a special challenge for use
of the spectrometer and camera on the turret.
"We don't want to put the turret in a position
that gets the sample material onto the back
side of the sieve, because that could clog pores
in the sieve," said JPL's Matt Robinson, lead
engineer for Curiosity's robotic arm operations.
"We have to consider the orientation of the
turret during all of the moves for reaching the
target, not just its orientation at the target."
NASA's Mars rover Curiosity used a new
technique, with added autonomy for the rover,
in placement of the tool-bearing turret on its
robotic arm during the 399th Martian day, or
sol, of the mission.
Despite this challenge, the team used the
arm instruments intensively at Waypoint 1.
On September 19, the rover examined five
targets with the spectrometer and camera on
the arm. The next day, from the same location,
it examined three more. The team did leave
some potential targets unexamined, to hasten
back on the drive to Mount Sharp, as planned.
"There's a trade-off," Williford said, "between
wanting to reach Mount Sharp as soon as we
can and wanting to chew on rocks all along
the way. Our team of more than 450 scientists
has set the priority on getting to Mount Sharp,
with these few brief waypoint stops." f

This mosaic of four images taken by the Mars Hand Lens Imager (MAHLI) camera on NASA's
Mars rover Curiosity shows detailed texture in a ridge that stands higher than surrounding rock.
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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
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December

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

Planet
Constellation
Transit
Pluto
Sagittarius
12:55 pm (34°)
Ceres
Virgo
7:26 am (56°)
Eris
Cetus
7:49 pm (50°)
MakeMake Coma Berenices 7:02 am (80°)
All times are Pacific Standard Time. Rise Haumea Boötes
8:11 am (71°)
and set times are for the astronomical horizon
All Dwarf Planets require a telescope. Ceres
at Las Vegas or Reno as noted.
is visible through most amateur telescopes.
Pluto usually requires a telescope of at least
12" diameter. Dwarf planets beyond the orbit
The Planets
of Neptune can also be referred to as Plutoids.
Mercury. Mercury is visible early in the month Eris ("EE-ris"), MakeMake (mah-keh-mahin the morning sky rising shortly before keh) and Haumea, like most Plutoids, require a
the sun. Superior conjunction on the far professional sized telescope. Transit times and
side of the sun occurs on December 28. altitudes (from Las Vegas) are when the object
Greatest western elongation (19°) occurred is at its highest in the southern sky. Each will
appear slightly lower in the sky from Reno. f
on November 17.
Venus. Venus is in the western sky immediately
after sunset. It sets about two hours after
the sun. Greatest eastern elongation (47°)
The Moon
occurred on November 1. It will pass between
Each day the moon rises about one hour
the earth and sun (inferior conjunction)
later than the day before. The New Moon (not
on January 11.
visible) is in the direction of the sun and rises
Mars. Mars, in Virgo, is rising just after and sets with the sun. The first quarter moon
midnight. The last quarter moon rises rises at about noon and sets near midnight.
shortly before Mars on the night of The full moon is opposite the sun in the sky
December 24/25.
and rises at sunset and sets at sunrise. The
last quarter moon rises near midnight and
Jupiter. Jupiter, in Gemini, is rising in the east
sets near noon. Perigee is when the moon is
shortly after sunset. Opposition (directly closest to the earth and apogee is when it is
opposite the sun) will occur on January 5. farthest. The distance varies by ±6% from
Saturn. Saturn, in Libra, is rising about two the average.
hours before the sun. Conjunction with
New Moon Dec. 2
4:22 pm pst
the sun occurred on November 6.
First quarter Dec. 9
7:12 am
Full Moon
Dec. 17
1:28 am
Uranus. Uranus, at the Pisces/Cetus border,
Last quarter Dec. 25
5:48 am
is high in the south in the early evening.
New
Moon
Jan.
1
3:14 am
The waxing gibbous moon is just north of
Uranus on the evening of December 10.
Perigee
Dec. 4
2:16 am pst
Apogee
Dec.
19
3:50 pm
Neptune. Neptune, in Aquarius, is high
Perigee
Jan. 1
1:01 pm
in the southwest at sunset. Look for the
waxing crescent moon above Neptune on
the evening of December 8.
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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
6:33 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
4:28
4:29
4:30
4:32
4:34
4:36
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The Sun

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

Winter Solstice
Winter officially begins with the Winter
Solstice which will occur at 9:11 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

Meteor Shower
The Geminid meteor shower is expected
to reach its peak near midnight on the night
of December 13/14. The meteors from this

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
7:06
7:09
7:11
7:13
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
4:39
4:41
4:43
4:45

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

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 waxing gibbous moon
will interfere with the shower this year as it
will be setting shortly before dawn.
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 usually produces 50 to 100
meteors per hour. The Quadrantids are
expected to be good as the moon will be in
a waxing crescent phase and setting before
midnight. f

Now Playing
In Las Vegas

In Reno

Season of Light

All Shows
TM

Let It Snow

Call for Titles

Seasonal Stargazing
TM

all in Digistar 5

in SciDome

or visit

http://planetarium.unr.edu/

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: Kevin Page - Chair, Rick Trachok - Vice Chair, Dr.
Andrea Anderson, Robert Blakely, Cedric Crear, Dr. Mark Doubrava, Dr. Jason
Geddes, Ronald Knecht, James Dean Leavitt, Kevin Melcher, Dr. Jack Lund
Schofield, Allison Stephens, 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

