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On 4 October 1957, Sputnik 1, the
first artificial satellite, was launched into
space by the former Soviet Union; this
was the dawn of the Space Era. It was
an outstanding achievement and a major
turning point in history. This year, the world
celebrates 50 years of space exploration.

Sputnik 1 was about 58 cm in diameter,
and weighed approximately 84 kg . It orbited
Earth every 96 minutes, varying in altitude
from 215 km to 939 km . Sputnik 1 remained
operational for several months in space,
but eventually its orbit decayed and the
satellite was destroyed while reentering the
atmosphere.

On 12 April 1961, the world was
astounded by the success of the first manned
spaceflight, the mission of Vostok 1, carrying
onboard Russian Cosmonaut Yuri Gagarin. As
of 4 October 2007, a total of 463 astronauts
from 34 countries flew into space. Manned
spaceflight, however, would not have been
possible without the sacrifices of test animals,
including Russian space dogs and American
space monkeys.

On 3 November 1957, Sputnik 2 was
launched into space, carrying onboard the
first astronaut, the female dog Laika. Laika
died several hours after launch, but its mission
proved that living beings could survive launch
and endure weightlessness, paving the way for
spacemen.

Many more Soviet space dogs were
launched into space. One of the most
interesting of these missions was the flight of
Belka and Strelka. The two dogs orbited Earth
for a day, aboard the Sputnik 5 spacecraft, on
19 August 1960. They were accompanied by a

number of other animals, including mice, rats
and insects. All these animals landed safely on
Earth. They were the first space animals to
orbit Earth and be recovered alive.

The space dog Zvezdochka (Little Star)
was launched into space aboard Sputnik 10,
on 25 March 1961. The spacecraft also
contained a dummy cosmonaut. Zvezdochka
was recovered safely. Its mission was the final
rehearsal for Gagarin’s Vostok 1 flight, which
occurred just days later.

The United States depended on monkeys
from several species, rather than dogs.
On 29 November 1961, the chimp Enos
was launched aboard a Mercury capsule
in an orbital spaceflight. Enos was said to
be the first “living being” sent to orbit by
the United States. The mission was a great
success, followed by the flight of John
Glenn, the first American to orbit Earth,
on 20 February 1962.

Many more test animals flew into space,
including cats, fish, frogs, snails, spiders
and insects. Animal spaceflights still remain
important for space science research.

Aymen Mohamed Ibrahem
PSC Senior Astronomy Specialist
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Dwarf Planet Eris and Satellite Dysnomia * August 30, 2006

A

Dysnomia
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NASA, ESA, and M. Brown (California Institute of Technology)

NASA's Hubble Space Telescope (HST)
joined forces with the giant telescopes of
Keck Observatory to yield a precise estimate
of the mass of Eris, the largest dwarf planet.
Eris (approximately 2,400 km across|) is
slightly larger in diameter than Pluto, the
second largest dwarf planet. Now Eris is
known to be 27% more massive than Pluto.

In 2005, ateam of astronomers discovered
Dysnomia, the only known moon of Eris. A
series of images taken with HST and the Keck
telescopes monitored the orbital motion of
Dysnomia, allowing the mass of Eris to be
computed.

Dr. Mike Brown (Caltech) and colleagues
report in a recent issue of Science Magazine
that Dysnomia orbits Eris every 16 days, in
a nearly circular orbit. These results support
the postulate that Dysnomia is not a captured
moon, but rather it originated in a massive
collision between Eris and another minor
planet. The orbit of a gravitationally captured
moon tends to be elliptical in shape.

e

Earth’s Moon and the moons of Pluto
are also believed to have been formed from
the debris that resulted in violent impact
events.

Brown calculated a mean density of
Eris of 2.3 g/cm?3, which is similar to those
of Pluto and Triton

GBS (2,700 km  across),
Neptune’s largest
moon. This density

indicates that these
objects are not entirely
icy in composition, but
contain a significant

Orbit of
~ Dysnomia amount of rock.
Eris is the most
- distant known large
. I object in the Solar
System. Its maximum

distance from the Sun
(aphelion distance) is
approximately 14.6 billion km, over twice
the average distance of Pluto from the Sun.
Eris orbits the Sun every 560 years.

STScl-PRCO7-24

Since the announcement of the discovery
of Eris in July 2005, Pluto has been suffering
bad luck. In April 2006, using HST's data,
astronomers demonstrated that Eris is
slightly larger than Pluto, then the ninth
“planet” from the Sun. In August 2006, the
International Astronomical Union (IAU) set a
new definition of the term planet, stripping
Pluto of its planetary status, and demoting
it to the newly adopted class of dwarf
planets.

In early January 2007, dialect word
“plutoed”, which means fired, demoted or
devalued, was chosen as Word of the Year
of 2006.

Further Reading

Hubble Finds ‘Tenth Planet’ is Slightly Larger than Pluto
http://hubblesite.org/newscenter/archive/releases/2006/16/
Discovery of a Planetary-sized Object in the Scattered
Kuiper Belt
http://hubblesite.org/pubinfo/pdf/2006/16/pdf.pdf



Dione (1,126 km across)
Credit: NASA/JPL/Space Science
Institute
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Tethys (1,071 km across)
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According to recent measurements from
the Saturn-bound Cassini spacecraft, Saturn's
moons Tethys and Dione are hurling streams
of plasma (electrically charged gas) into space.
The discovery hints at the possibility of some
phenomenon of geological activity, perhaps
even volcanic, on these icy moons. Before this
startling discovery, Saturn's volcanic moon
Enceladus (505 km across) was known to be
geologically active.

These findings were published in the
journal Nature. The Cassini mission is a
cooperative project of NASA, the European
Space Agency (ESA) and the Italian Space
Agency (ASI).

These plasma flows were traced to Tethys
and Dione because of the energetic outward
movement of electrically charged gas, which
could be mapped back to the moons' orbits
in the magnetic environment of Saturn. The
gas consists of negatively charged electrons
and positively charged ions, which are atoms,
stripped of one or more electrons. Due to
their electric charge, the electrons and ions
can become trapped inside a magnetic field.

Saturn rotates in just 10 hours and
46 minutes. Therefore, the magnetic field
and the trapped plasma are sweeping
through space, and a force is exerted
on the plasma, trying to fling the gas
outwards, away from the center of rotation.

Credit: NASA/JPL/Space Science

Soon after the Cassini spacecraft
reached Saturn in July 2004, its
instruments revealed that the planet's
fast axial rotation squashes the plasma
into a disc, and that great fingers of
gas are being thrown out into space
from the disc's outer edges. Hotter,
less dense plasma then rushes in to fill
the gaps.

The Cassini Plasma Spectrometer
team has made a careful study of these
phenomena. They have found that
the direction of the ejected electrons
points back towards Tethys and
Dione. "It establishes Tethys and Dione
as important sources of plasma in Saturn's
magnetosphere,"saidteammemberJimBurch,
of the Southwest Research Institute (SwRI).

Plume of icy material erupting from Enceladus (505 km across)
Credit: NASA/JPL/Space Science Institute

The activity on Enceladus was detectedfirst
by Cassini's Dual Technique Magnetometer.
This led the flight team to schedule a
particularly close pass of Enceladus, which
revealed a wealth of data about Enceladus'
activity and spectacular pictures.

"The best results arise when we combine
a variety of data sets to understand the
observations," said Michele Dougherty,
principal investigator of the magnetometer.

Future flybys of Dione and Tethys will
yield close-up looks of the moons. The teams
willinspect the data acquired during the Tethys
and Dione flybys of 2005 for further signs of
activity. They will also try to determine the
composition of the plasma using ion data.
Further Reading
Cassini-Huygens Mission Websites
http://www.nasa.gov/cassini

http://saturn.jpl.nasa.gov
http://saturn.esa.int .
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NASA recently published an exquisite image
of M81, the picturesque spiral galaxy, acquired
by the Hubble Space Telescope (HST). The
color composite image is the sharpest view
ever obtained of M81.

The image was composed from images
in the visual and infrared, taken with HST's
sophisticated imaging device, the Advanced
Camera for Surveys (ACS). The resolution is so
fine that individual stars, star clusters and gas
clouds of M81 are resolved.

A spiral galaxy is a huge assemblage of
stars and nebulae (vast cosmic clouds). The
spiral arms of the galaxy emanate from its
yellowish core, consisting of billions of old,
reddish stars.

M81 is estimated to be approximately
12 million light years distant. It is visible in the
direction of the stars of Ursa Major, the Great
Bear. It is the 81 entry in the Messier catalog
of deep sky objects, compiled by the French
astronomer Charles Messier (1730-1817).

MS81 is the largest member of a group of
gravitationally-bound galaxies, including the
intriguing starburst galaxy M82. A starburst
galaxy is characterized by a peculiarly high
rate of star formation, often due to interaction
with one or more galaxies.

Further Reading

Hubble Site

http://Hubblesite.org/

Hubble Photographs Grand Design Spiral Galaxy M81

http://hubblesite.org/newscenter/archive/releases/2007/19/

A Flight te the

On 8 June 2007, Space Shuttle Atlantis
was launched toward the International Space
Station (ISS) on an 11-day mission, designated
STS-117. The objectives of STS-117 include
adding a new structural component to the
ISS, deploying a new set of solar arrays and
retracting an existing array.

STS-117 was to be launched in March
2007, but the foam insulation on Atlantis’
external fuel tank was damaged due to a hail
storm. Shuttle managers were forced to roll
the spacecraft off the pad to make repairs.

STS-117’s crewmembers are Commander
Rick Sturckow, Pilot Lee Archambault and
mission specialists Patrick Forrester, Steven
Swanson, John “Danny” Olivas, Jim Reilly
and Clayton Anderson.

Shortly before launch, on behalf of the
entire crew, Sturckow thanked the teams that
made this launch possible, and then added,
“see you in a couple of weeks.”
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Astronaut Clayton Anderson will remain
onboard the ISS till October 2007, as
crewmember of the ISS Expedition 15.
Astronaut Sunita Williams, who has been
aboard the station since December 20006,
will return to Earth with the Atlantis crew.
Anderson is scheduled to return to Earth on
Space Shuttle Discovery’s STS-120 mission.

STS-117 features spacewalks to install the
17.5 ton S3/54 truss segments which includes
a new set of solar arrays, and will extend the
right side of the truss. The 240-foot arrays
will provide additional power to the station
in preparation for the arrival of new science
modules from the European and Japanese
space agencies. The crew also will retract a
solar array to enable the new arrays to track
the Sun.

Further Reading
Station Spreads New Wings; Crew Preps for Spacewalk
http://www.nasa.gov/mission_pages/shuttle/main/index.html
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Image Credit: NASA-JPL

On 5 June 2007, NASA's Mercury-bound
MESSENGER spacecraft made its second flyby
of Venus, our nearest planet, for a gravity
assist. This maneuver reduced the size of
MESSENGER’s orbit around the Sun, pulling
it closer to Mercury. The spacecraft’s velocity
changed by nearly 24,000 km/hr.

T

(MESSENGER stands for MErcury Surface,
Space Environment, GEochemistry, and
Ranging.)

Mission operators at the Johns Hopkins
University Applied Physics Laboratory (APL)
announced that MESSENGER’s systems
performed flawlessly as the spacecraft dashed
over the thick clouds of Venus, passing at an
altitude of about 300 km above Venus' surface.
The relative velocity was over 50,000 km/hr.

An Image of Venus Acquire
Credit: NASA-JHUAPL-Carnegie Institution of Washington

W MESSENGER

This second Venus flyby was a critical
mission milestone in the probe’s circuitous

journey toward Mercury orbit insertion,

declared MESSENGER Principal Investigator
Sean Solomon, from the Carnegie Institution
of Washington. “Not only did the maneuver
sharpen the spacecraft’s aim toward the first
encounter with Mercury in more than three
decades, it presented a special opportunity
to calibrate several of our science instruments
and learn something new about Earth’s
nearest neighbor.”

MESSENGER was observing Venus in
rhyme with European spacecraft Venus
Express, which has been orbiting our twin
planet since April 2006.

MESSENGER is scheduled to perform three
flybys of Mercury in January and October
2008, and September 2009. During these



flybys, MESSENGER will map most of the
planet and study the surface and atmospheric
composition. The spacecraft is scheduled to
accomplish orbit insertion in March 2011.
It will be the first artificial satellite of Sun-
scorched Mercury. It will study the planet for
one year.

MESSENGER is the second spacecraft to
be sent toward Mercury. It is also the seventh
in NASA's Discovery Program of lower-cost,
scientifically focused space missions. APL built
and operates the MESSENGER spacecraft
and manages the mission for NASA's Science
Mission Directorate, Washington.

Further Reading

Mercury
http://www.nineplanets.org/mercury.html
Venus
http://www.nineplanets.org/venus.htmi
NASA’'s MESSENGER Website
http://www.nasa.gov/messenger.

APL’s MESSENGER Homepage
http://messenger.jhuapl.edu/news_room/status_report_06_

05_07.html

Venus Express
http://www.esa.int/SPECIALS/Venus_Express/index.html
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On 28 May 2007, an international team
of researchers announced the discovery of
28 new planets outside our Solar System,
known as extrasolar planets or exoplanets.
By this bounty of discoveries, the total
number of exoplanets increased to 236.

The new exoplanets were reported in
the semi-annual meeting of the American
Astronomical Society (AAS) in Honolulu.
This research is a collaborative work of the
California and Carnegie Planet Search team
and the Anglo-Australian Planet Search team.

During 2006, the team discovered 37 new
objects orbiting other stars. Seven of these
objects were confirmed to be brown dwarfs,
objects of intermediate mass between stars
and planets. They are believed to be failed
stars, as they did not reach the hydrogen-
burning phase, the prime stage of stellar
evolution. A brown dwarf is much more
massive than Jupiter, the largest planet in the
Solar System. Two other objects are of critical
masses, and could be either giant planets or
small brown dwarfs.

Most exoplanets have not been imaged,
but rather indirectly detected through
innovative techniques. For example, due to
their relatively strong gravitational influence,
exoplanets and brown dwarfs may be detected
by measuring the tiny wobbles they induce in
the paths of their parent stars. The discoverers
report that they refined their analyses to
detect even smaller stellar wobbles.

“We have added 12% to the total in the
last year, and we are very proud of that,” said
Dr. Jason T. Wright of the team. “This provides
Nnew planetary systems so that we can study
their properties as an ensemble.”

In addition to reporting 37 new substellar
objects, Wright highlighted a discovery made
by the team two years ago. It is an exoplanet
similar to the giant planet Neptune in size
and icy structure.

This Neptune-sized planet orbits the
nearby red dwarf star Gliese 436 (GJ 436),
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30 light years away. The team estimated this
planet’s mass to be at least 22 Earth masses.
(Neptuneis 17 times more massive than Earth.)

After the publication of the exoplanet’s
orbit earlier this year, Michael Gillon (Liege
University) observed the planet passing in
front of its parent star. Gillon and collaborators
reported recently how this transit event
allowed them to precisely compute the
planet’s mass (22.4 Earth masses), its radius
and density, which turned out to be similar to
those of Neptune.

“From the density of two grams per
cubic centimeter—twice that of water—it
must be 50 percent rock and about 50
percent water, with perhaps small amounts
of hydrogen and helium,” said Geoff Marcy,
a principal investigator of the team. “So this
planet has the interior structure of a hybrid
super-earth/Neptune, with a rocky core
surrounded by a significant amount of water
compressed into solid form at high pressures
and temperatures.”

This extrasolar Neptune orbits Gliese 436
every 2.6 days. This means the exoplanet is
very close to the star, at only 3% of the Sun-
Earth distance, indicating that it is a “hot
Neptune”, Wright said. Unlike most other
giant exoplanets, its orbit is very elongated,
not circular. Actually, this orbit indicates
that the star may have another planetary
companion in a larger orbit.

“I am sure people will immediately follow
up and try to measure the atmospheric
composition of this planet.” Wright
anticipated.

Also, the 28 new exoplanets include at
least four multiple-planet systems, plus three
stars that probably contain a brown dwarf
companion. Wright said that at least 30% of all
stars known to have planets have more than
one. As smaller planets and outer planets of a
star are difficult to detect, he predicts that the
percentage will continue to rise as detection
methods improve.

“We are just now getting to the point
where, if we were observing our own Solar
System from afar, we would be seeing Jupiter,”
he said, demonstrating that the team’s
measurement technique is now sensitive to
stellar wobbles of as small as a meter per
second. This is finer than the resolution limit
that was available 15 years ago, when the
exoplanet quest started.

Wright records all known exoplanets for
the California and Carnegie Planet Search
team’s website, http://exoplanets.org, which
features the only peer-reviewed catalog of
exoplanets within approximately 650 light
years from Earth.

Further Reading
California and Carnegie Planet Search
http://exoplanets.org/aasjune07s/pr_280507.htm

Anglo-Australian Planet Search
http://www.phys.unsw.edu.au/~cgt/planet/

A New Flyby of Titan

Credit: NASA/JPL

On 12 May 2007, the Saturn-bound
Cassini spacecraft performed its 31° flyby
of Saturn’s largest moon, Titan (5,150 km
across). During the flyby, designated T30, the
radar instrument onboard Cassini acquired an
exquisite image showing remarkable terrains
on Titan.

The image shows the coastline and
numerous island groups of a portion of a large



sea. This is consistent with the discovery of a
large sea on Titan by Cassini.

(see http://photojournal.jpl.nasa.gov/catalog/
PIA08930)

The lakes and seas of Titan are not
filled with water, they rather contain liquid
hydrocarbons, probably a mix of methane
and ethane. They are closely similar to their
terrestrial counterparts, with features such as
channels, islands, and bays.

The data also demonstrated a striking fact
about this sea: the relative absence of brighter
regions within it, indicating a depth of tens of
meters.

Particularly interesting is the existence
of isolated islands, which follow the same
direction as the peninsula to their lower
right, suggesting that they may be part of a
mountain ridgeline that has been flooded.
This resembles Catalina Island off the coast of
Southern California.

The image is about 160 km by 270 km
wide, with a resolution of 300 m.

Further Reading

Cassini-Huygens Mission
http://saturn.jpl.nasa.gov/home/index.cfm

Cassini Encounters

—_——

Prometheus

Credit: NASA/JPL/Space Science Institute

NASA published a breathtaking view of
Saturn’s rings and the small Saturnian moon
Prometheus (102 km across), acquired by
the Saturn-bound Cassini spacecraft, which
was looking on the unlit side of the planet’s
magnificent rings.

The image shows the irregularly-shaped
moon gliding between Saturn’s bright A ring
and kinky F ring. The kinks in narrow F ring are
due to Prometheus’s gravitational influence.

The image was taken in visible light
with  Cassini's  narrow-angle  camera
on 24 February 2007, at a distance
of approximately 1.5 million km from
Prometheus. Image scale is 9 km per pixel.

The F ring was discovered in 1979. It is
only a few hundred km wide. Prometheus
and Pandora (84 km across) are the “shepherd
moons” of the F ring, as their gravities affect
the motions of the F ring’s particles.

-

Potato-shaped moons, Prometheus and Pandora, _shepherding
Saturn’s F ring
Credit: NASA/JPL/Space Science Institute

Prometheus is the inner shepherd moon
of the F ring. It has rugged terrains. It orbits
Saturn every 0.61 days, at a distance of
approximately 140,000 km. Pandora orbits
Saturn every 0.63 days, at a distance of
approximately 142,000 km.

Intriguingly, Prometheus perturbs the
structure of the F ring, creating kinks, knots
and gores in the ring.

A Cassini close-up ima
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Further reading

Three Tiny Moons Align
http://www.bibalex.org/eclipse2006/News_Details.

aspx?id=210

The Shadows of Saturn’s Rings
http://www.bibalex.org/eclipse2006/News_Details.

aspx?id=214
Cassini-Huygens Mission to Saturn

http://saturn.jpl.nasa.gov/home/index.cfm
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Credit: NASA, ESA, A. Sarajedi-ni (University of Flbrida) and G.
Piotto (University of Padua [Padova]) =

Using NASA's Hubble Space Telescope
(HST), a team of astronomers demonstrated
that a massive globular cluster, known as
NGC 2808, had muiltiple generations of stars
rather than only a single, old boom of star
formation.

A globular cluster is a spherical or an
ellipsoidal stellar swarm, whose stars are
tightly bound by gravity. A globular cluster
may contain up to one million stars. Our Milky
Way Galaxy has about 150 globular clusters,
scattered throughout the galactic halo. These
clusters orbit the center of the Galaxy. Other
giant galaxies have thousands of globular
clusters in their halos.

“We had never imagined that anything
like this could happen,” said Giampaolo Piotto
of the University of Padova, Italy, and leader

of the research team. “This is a complete
shock.”

Globular clusters are among the oldest
objects in the Universe, believed to be nearly
13 billion years old.

“The standard picture of a globular
cluster is that all of its stars formed at the
same time, in the same place, and from the
same material, and they have co-evolved for
billions of years,” said team member Luigi
Bedin of the European Space Agency. “This is
the cornerstone on which much of the study
of stellar populations has been built. So we
were very surprised to find several distinct
populations of stars in NGC 2808. All of the
stars were born within 200 million years, very
early in the life of the 12.5-billion-year-old
massive cluster.”

Finding muiltiple stellar populations in a
galacticglobular cluster has deep cosmological
implications, the researchers explained.

“We need to do our best to solve the
enigma of these muiltiple generations of stars
found in these Hubble observations so that
we can understand how stars formed in
distant galaxies in our early universe,” Piotto
explained.

NGC 2808 is one of the largest known
globular clusters of our Galaxy. It contains
about one million stars.

The astronomers applied Hubble’'s
Advanced Camera for Surveys (ACS) to
measure the brightness and color of NGC
2808's stars. With Hubble’s superb resolution,
the astronomers were able to discern the
different stellar populations. Hubble’s data
revealed three distinct stellar populations,
with each successive generation appearing
slightly bluer. This color difference indicates
a slightly different chemical composition of
these stars.

“One assumption, although we have no
direct proof, is that the successively bluer
color of the stellar populations indicates that

e e



the amount of helium increases with each
generation of stars,” said team member lvan
King of the University of Washington, Seattle.
“Perhaps massive star clusters like NGC 2808
hold onto enough gas to ignite a rapid
succession of stars.”

The vigorous star formation would be
driven by shock waves from supernovae
(exploding stars) and stellar winds from giant
stars, which collide with the gas clouds,
stimulating the birth of new stars, King
explained. The gas would be increasingly
enriched in helium, synthesized through
nuclear reactions in the cores of massive,
older stars.

It has been long believed that globular
clusters undergo only one episode of star
formation, because the prodigious radiation
emitted from the first stars would wipe out
most of the residual gas needed to make
more stars. However, a gigantic cluster like
NGC 2808, which is two to three times more
massive than a typical globular cluster, may
have enough gravity to hold that gas, which
containsmorehelium, suppliedbythefirststars.

According to another explanation, NGC
2808 may be the residual core of a dwarf
galaxy that was ripped apart by our Galaxy’s
formidable gravitational tug, not a true
globular cluster.

Omega Centauri, another hefty globular
cluster of our Galaxy, shows multiple stellar
generations, according to Piotto’s team,
and is also believed to be the remains of a
disrupted dwarf galaxy. The team concluded
that multiple stellar generations may be a
common feature of massive globular clusters.
The researchers plan to explore 10 more giant
clusters, using Hubble.

Further Reading
Hubble Finds Multiple Stellar ‘Baby Booms’ in a Globular
Cluster

http://hubblesite.org/newscenter/archive/releases/2007/18/full/

Hubble Sees Star Cluster “Infant Mortality”
http://hubblesite.org/newscenter/archive/releases/star-cluster/

2007/05/

Hubble Yields Direct Proof of Stellar Sorting in a Globular

Cluster
http://hubblesite.org/newscenter/archive/releases/star-cluster/

2006/33/
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A Tremendous Cosmic Explosion

In September 2006, astronomers detected
what is believed to be the most brilliant
supernova (exploding star) ever. In May 2007,
using data from NASA's space-based Chandra
X-ray Observatory (CXO) and ground-based
optical observatories, a team of astronomers
demonstrated that this tremendous stellar
explosion may be a long-sought new type of
supernovae.

The star is designated SN 2006gy. It is
located in a relatively nearby galaxy, known as
NGC 1260, some 240 million light years away.

This startling discovery indicates that the
explosions of extremely massive stars may
have been relatively common in the early
Universe. The researchers also expect that
another hefty, much nearer star, known as Eta
Carinae, isripe for explosion in our own Galaxy.

“This was a truly monstrous explosion,
a hundred times more energetic than a
typical supernova,” said Nathan Smith of the
University of California at Berkeley, who led
the team of astronomers. “That means the star
that exploded might have been as massive as
a star can get, about 150 times that of our
Sun. We have never seen that before.”

“Of all exploding stars ever observed, this
was the king,” said Alex Filippenko, leader of
the ground-based observations. “We were
astonished to see how bright it got, and how
long it lasted.”

The team, aided by Chandra observation,
was able to rule out another possible origin for
the supernova: a white dwarf star with a mass
only slightly higher than the Sun'’s exploded
into a dense, hydrogen-rich environment.
SN 2006gy was probably 1,000 times brighter
in X-rays than what Chandra detected.

“This provides strong evidence that
SN 2006gy was, in fact, the death of an
extremely massive star,” said Dave Pooley of
the University of California at Berkeley, leader
of the Chandra observations.

The progenitor star of SN 2006gy
apparently shed a large amount of mass in
the end throes of its rapid evolution. This high
mass loss rate is similar to that of Eta Carinae,
indicating that Eta Carinae is prone to explode

as a supernova.

“We do not
know for sure
if Eta Carinae
will explode
soon, but we
had better keep
a close eye on
it just in case,”
commented
Mario Livio ofthe
Space Telescope

X ) Credit:
Science Institute NASA/CXC/UC Berkeley/N.Smith et al.; IR: Lick/UC

lllustration: NASA/CXC/M.Weiss;

“ Eta Berkeley/J.Bloom & C.Hansen

(STScl).
Carinae’s explosion could be the best star-
show in the history of modern civilization.”

Supernovae usually occur when massive
stars exhaust their fuel and collapse under
their own gravity. Astronomers believe that
a different mechanism could have triggered
the explosion of SN 2006gy. Under certain
conditions, the core of a massive star produces
SO much energetic gamma ray radiation
that some of the energy from the radiation
converts into particle and anti-particle pairs.
The resulting drop in energy causes the star
to collapse under its own huge gravity.

After this violent collapse, runaway
thermonuclear reactions ensue and the star
explodes, hurling the remains into space.
The SN 20069y data suggest that spectacular
supernovae from the earliest stars may be
more common than previously believed.

“In terms of the effect on the early
Universe, there’'s a huge difference between
these two possibilities,” said Smith. “One
pollutes the galaxy with large quantities
of newly made elements and the other
locks them up forever in a black hole.”

NASA's Marshall Space Flight Center
manages the Chandra program for the
agency’s Science Mission Directorate. The
Smithsonian  Astrophysical ~ Observatory
controls science and flight operations from
the Chandra X-ray Center.

Additional information and images are available at official
CXO websites:

http://chandra.harvard.edu

http://chandra.nasa.gov
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Theangle between aplanet’srotational axis
and the line perpendicular to its orbital plane
is termed the obliquity. The seasons result due
to Earth’s obliquity of approximately 23.5°. If
Earth’s obliquity were 0° or 180°, sunlight

would be perpendicular to the equator
throughout the year, and there would not
be summer or winter. Actually, the obliquities
of Mercury and Venus are manifestations of
these two special obliquities!

Venus (12,104 km across) has an obliquity
of nearly 180°. Therefore, it may be likened to
an inverted human figure! Mercury (4,880 km
across), on the other hand, has an obliquity
of 0.01°. Mercury'’s rotational axis is virtually
perpendicular to its orbital plane. Mercury
may be likened to an upright human figure!

Due to its obliquity, Venus rotates about
its axis from east to west, oppositely to the
direction of Earth’s axial rotation (from west
to east). The axial rotation of VVenus is termed
“retrograde”, while Earth’s rotation is termed
“direct”. Also, all the planets orbit the Sun in
the direction of Earth’s axial rotation, taken

to be the general direction of rotation and
orbital motion in the Solar System.

The Moon has a small obliquity of 6.7°.
Jupiter, the largest planet, has an obliquity of
3°, which is nearly equal to that of Mercury.
Uranus is described as lying on its side, as its
obliquity is approximately 98° and its rotational
axis lies very near to its orbital plane.

Interestingly, the surface temperature of
Sun-scorched Mercury rises to over 400° C in
the day, and drops to below -160° C in the
night. No other planet has such an extreme
temperature variation. This is because
Mercury’s atmosphere is extremely tenuous.

The average temperature in \Venus is
about 460° C. Venus is the hottest planet,
although its average distance from the Sun
is nearly twice that of Mercury. This is due to
a greenhouse effect, generated by the thick,
carbon-dioxide-rich atmosphere of Venus.
\Venus rotates about its axis every 243 days.
This is about 20 days longer than the time
Venus takes to orbit the Sun!
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A Voyage to Sun
The face of the Sun, our churning parent
star, is ever changing. It shows various
wonderful phenomena, some of which may
vary on very short time scales. Examples of
these phenomena are sunspots, prominences,
flares and coronal mass ejections (CMEs).

The space-based Solar and Heliospheric
Observatory (SOHO) is a collaborative work
between NASAand ESA. The SOHO spacecraft
observes the Sun with an impressive set of
sophisticated instruments, which study the
Sun in visible light and ultraviolet. SOHO
has revolutionized solar astronomy and the
studies of the space environment of the inner
Solar System.

Caution: Never observe the Sun directly
with your eyes or through any optical aid.
Observing the Sun needs special techniques.
Beginners should observe the Sun only under
the supervision of an astronomy specialist.

SOHO was launched into an orbit around
the Sun in December 1995. SOHO is one of
the largest space projects. Its budget is over
$1 billion. In this gallery we present some of
SOHQO'’s masterpieces.

“A Voyage to the Sun” is also the title of a
public lecture, given by Aymen Ibrahem at the
Bibliotheca Alexandrina. The lecture presents
a bonanza of SOHQO's incredible images.

Loop of Fire

This is an ultraviolet image of the Sun.
The image shows a huge, handle-shaped
prominence taken on 14 September 1999.

Prominences are huge clouds of dense
gas suspended in the Sun’s hot, thin outer
atmosphere, the solar corona.

Some prominences may violently erupt
and escape from the Sun. Emission is emitted
from gases at a temperature of about
60,000° C. The white regions are the hottest,
while the darker red areas indicate cooler
temperatures.

A Spotted Star

Credit: SOHO (ESA &INASA)

200310/28 06:24 UT

Sunspots are relatively cool regions on
the solar surface, the photosphere. Their
temperatures are about 1,500° C lower than
their surroundings. Sunspots emit light,
but they appear darker in contrast to the
photosphere. Their numbers vary over a cycle
of about 11 years.

The image shows one of the largest
known sunspots. The area of the spot was
equal to about 15 Earths, a size not recorded
since 1989. Some of the most powerful solar
eruptions occurred in this energetic spot in
late October and early November 2003.




YooV o,

An Artificial Eclipse A solar flare is a rapid, tremendous
release of electromagnetic and corpuscular
Credit: SOHO (ESA & NASA) radiation. The total energy released in a flare
may be equivalent to hundreds of millions of
hydrogen bombs! Flares resemble terrestrial
lightning.

The brilliant flare in the above image
occurred on 4 November 2003. It outshone
the two spectacular flares observed in 1989
and 2001.

‘k'hp A Magnetizing Star

1998/06/02 13:31

This fascinating artificial solar eclipse
was recorded with SOHO’s LASCO C2
coronagraph instrument, which blocks the
Sun disk to enable viewing the faint solar
corona.

The image shows a Coronal Mass Ejection
(CME). CMEs are huge ejections of material,
blasting from the Sun at enormous speeds.
They fling billions of tons of plasma into space.
Plasma is an electrically charged (ionized)
gas. CMEs may drastically affect the space
environment in the inner Solar System.

Credit: SOHO (ESA & NASA)

Solar Lightning
This is an ultraviolet image of the solar

corona. It shows active regions and interesting
structures of the intricate magnetic field of the
Sun. The temperature of the gases is about
1 million C.

Credit: SOHO (ESA & NASA)

This is an ultraviolet image of the Sun,
showing one of the most powerful solar flares
ever recorded. Solar flares are among the most
impressive Solar System phenomena.
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Three Tiny Moons Align
http://www.bibalex.org/eclipse2006/News_Details.
aspx?id=210

The Shadows of Saturn’s Rings
http://www.bibalex.org/eclipse2006/News_Details.
aspx?id=214

Cassini-Huygens Mission to Saturn
http://saturn.jpl.nasa.gov/home/index.cfm
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Further Reading
Mercury
http://www.nineplanets.org/mercury.html
Venus
http://www.nineplanets.org/venus.htmi
NASA’'s MESSENGER Website
http://www.nasa.gov/messenger.

APL’s MESSENGER Homepage
http://messenger.jhuapl.edu/news_room/status_report_06_

05_07.html

Venus Express
http://www.esa.int/SPECIALS/Venus_Express/index.html
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Further Reading
Station Spreads New Wings; Crew Preps for Spacewalk
http://www.nasa.gov/mission_pages/shuttle/main/index.html
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Hubble Site

http://Hubblesite.org/

Hubble Photographs Grand Design Spiral Galaxy M81

http://hubblesite.org/newscenter/archive/releases/2007/19/
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Cassini-Huygens Mission Websites
http://www.nasa.gov/cassini

http://saturn.jpl.nasa.gov
http://saturn.esa.int .
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Hubble Finds ‘Tenth Planet’ is Slightly Larger than Pluto
http://hubblesite.org/newscenter/archive/releases/2006/16/

Discovery of a Planetary-sized Object in the Scattered
Kuiper Belt

http://hubblesite.org/pubinfo/pdf/2006/16/pdf.pdf

Dwarf Planet Eris and Satellite Dysnomia » August 30, 2006

NASA, ESA, and M. Brown (California Institute of Technology)
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