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Bibliophiles

by Tim Cole, Editor
Sometimes I think I'm going to have to start up a
Twelve-Step program for book fanatics. ("Hi,
I'm Tim, and I'm a bibliophile.") So far this year,
I've added more than a dozen books to my
shelves — and my office's floors, my desk, and
the coffee table.
In late December, Chapters delivered a new 
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book: Supernovae and Nucleosynthesis. A few 
months ago, some preliminary research results
suggested that under certain conditions, 
supergiants might be able to produce elements
heavier than iron. The current theories suggest 
that these heavy elements are all produced in the
astrophysical eyeblink of a supernova. Naturally, 
I felt a great urge to learn a lot more about our
current knowledge of the processes in the hearts
of supernovae.
Just after Christmas, after I'd worked my way
through a few chapters of S and N, came the 
word that Tim Puckett's long dry spell had been 
broken. Time to dust off the Ottawa Centre
supernova counter! Here I was with my new
book and along comes a chance to share some 
personal discovery with colleagues and readers!
One little problem: the book isn't exactly a 
page-turner.
James Kaler came to the rescue. Dr. Kaler has 
written numerous books on stars and stellar
evolution. Not only are they loaded with good 
information, but they're surprisingly easy to read.
In his book Stars, I'd remembered reading an 
amazing time-line of the last years of a massive 
star, ending in the 100 millisecond maelstrom of
core collapse. I just had to adapt that fascinating
end-life chronicle for AstroNotes.
It's been a slow-news month. The write-up of a 
supernova discovery gave me a badly needed
article. That supernova also gave me the chance 
to rediscover and retell a truly amazing tale of
stellar death and celestial renewal.

Cover Illustration: Remants of Supernova 
SN1987a

Image courtesy Space Telescope Science Institute (STScI)

This classic Hubble Space Telescope image 
shows a pair of intersecting rings radiating from
the remants of SN1987a's progenitor. The 
mechanics of the ring structure are only poorly
understood.
SN1987a erupted in the Large Magellanic 
Cloud, the closest supernova since Kepler's Star
exploded in 1604. Observers' records allowed
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modern researchers to estimate its distance at
about 20,000 light-years, placing Kepler's Star
within our own galaxy.
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Discovering Supernovae

by Debra Tigner, Ottawa Centre Vice-President
As an amateur astronomer, I have always 
enjoyed observing the heavens and learning as
much as I can about it all. What has really helped 
me along is hanging out with the likes of Doug
George and Peter Ceravolo, two of the most
talented astronomers I know of. I was lucky 
enough to work on their new planetarium
program Desktop Universe, which gave me the 
chance to see the whole sky up close and in great
detail. As I scanned through thousands of CCD
images, I saw galaxies and nebulae that most 
amateurs never get a chance to see. My job was
to look for objects that weren't supposed to be 
there. At the time I didn't know it, but this gave
me excellent training for finding supernovae.
Tim Puckett operates the Puckett Observatory, 
based in Mountain Town, Georgia. Tim
religiously images the sky with CCD cameras 
every clear night, using three 25" telescopes
which he has hand-crafted himself. With the
heavy demands of just getting the imaging done, 
Tim is unable to search the images himself, so he
has a team of 12 volunteers (including myself) to 
do the searching.
Doug George, who was already a member of 
Tim Puckett's supernova search team, suggested
I should join the search, which I did. I took to it 
right away. Since April 2002, I have carefully
pored over more than a thousand images taken
at the Puckett Observatory. The day after a clear 
night's run, we download our assignments via the
Internet and use MaxIm DL (astronomy imaging
software developed by Doug George) to 
compare the new images with older reference
images.
No one wanted to find a supernova more than 
me. I really wanted to contribute to the team's
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efforts, but I was the only member of the team 
without a discovery. At the other extreme, Doug
George has found 9! Then it finally happened!

On the morning of December 23rd, while making 
a routine scan of my image set, there it was,
bright and beautiful! At first I thought it was just 
the overexposed core of the galaxy UGC 2984.
But the old image galaxy core was very dim.
Then I checked to see if it was an asteroid or 
minor planet (there are a lot of those) but it
wasn't. It also wasn't registered on the Recent 
Supernova List. This made it a good candidate
and I called Tim Puckett immediately.
I was holding my breath, though, because I have 
been disappointed before. I have found other
good candidates in the past only to be 
disappointed the next night, after a reshoot was
done and the object was not there. I'd also found
other supernovae, only to discover that they had 
already been reported.
The next night, my candidate was so bright that 
it showed through a hazy sky. It was definitely a
supernova! And it hadn't been reported yet.
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On 24 December, the International Astronomical
Union's Central Bureau for Astronomical
Telegrams (CBAT) released IAU Circular 8037.
That Circular included the announcement of the
discovery of my supernova, now designated as
SN2002jz. That made it official — Tim Puckett
and I were now co-discoverers of a new
supernova.
Not only had I discovered my first supernova, 
but find broke a very long dry spell for the team.
No team members had found anything for several 
months but since my find, our team has found six
more supernovae. This brings Tim Puckett's
supernova search total to 65!
The best part of it is that now I really feel like 
part of this very special team. I hope to continue
finding more supernovae. It is very exciting to be 
the first to witness such an awesome event in the
universe, knowing that the energy released is
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equivalent to as much as 1 million trillion trillion 
megatons of TNT. (That's 1 followed by 30
zeros!) Also, this is my way of making a real
contribution to the science of astronomy. 
Astronomers will continue to gather data on this
supernova, measuring its light curve and spectra. 
The observations will add to our knowledge of
the processes of supernovae and refine our
estimates of the distance to UGC 2984 vital
information about the nature of the expansion of
the universe.
To learn more about The Puckett Supernova 
Search program, check out the website at:
http://www.cometwatch.com/search.html 

Blink Comparison
The technique relies on comparing accurately 
positioned frames of the same area of sky,
photographed at different times. If the frames are 
rapidly alternated on the screen, any element that
has changed will appear to blink on and off.

Reference image New image, showing the supernova
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The Origins of Supernovae

by Tim Cole

Supernovae are 
divided into two 
broad classes: Type I
and Type II. Type I 
supernovae are 
incredibly bright, but 
the light curve decays
rapidly. The light 
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curve of the less 
brilliant Type II
supernovae has a 
pronounced plateau. 
The defining criterion
is spectrographic. 
Type II supernovae 
have hydrogen lines
in their spectra, while 
Type I supernovae 
do not.

Type II 
Supernovae 
A Type II supernova marks the death of a supergiant, a 
highly-evolved massive star greater than roughly 10
solar masses. High-mass stars burn their nuclear fuel at
prodigious rates; a 20 solar mass star remains on the 
main sequence for about 10 million years, fusing
hydrogen to helium. Moving into the red supergiant
phase, the star burns core helium for perhaps 1 million
years, producing carbon.

As the supergiant evolves, fusion products from the 
preceding stage become fuel for the next. Fusion
products must be less energy-rich than the original
nuclear fuel. Only supergiants are massive enough that 
gravitational contraction can produce the rapidly
increasing temperatures needed to re-ignite the heavy
elements in the core. Lighter elements rise and separate 
into concentric layers, which can also ignite, producing
shells of different fusion reactions around the core.

With less energy available, each stage has a much 
shorter life then the preceding one. For our 20 solar
mass supergiant, carbon fusion in the core lasts for
about 100 thousand years. The core contracts again, 
igniting the oxygen produced by the carbon burning
phase. The oxygen fusion phase, producing silicon
(among other elements), lasts for less than 20 years.

Silicon fusion begins, and one week later, the silicon 
has fused to form an iron core. Iron nuclei are the most
stable nuclei in nature, so iron fusion would produce no
energy. Core fusion finally dies.

In a tenth of a second, the iron core collapses, 
producing shock waves that rip apart the star's outer
layers. Exotic nuclear reactions triggered by the
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detonating
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supernova produce the elements heavier than iron. 
Several solar masses of enriched stellar ashes explode
into interstellar space at thousands of kilometers per
second. Even as the debris envelope is blasted 
outwards, nuclear reactions continue at furious rates.

The supernova has released the equivalent of the 
lifetime energy production of a hundred stars the size
of our own Sun. Over the next days and weeks, the
supernova's brilliance fades as its energy escapes into 
space.

Type I Supernovae

Since the more common Type I supernovae are found 
in old galactic haloes, they can't be the death throes of
short-lived massive stars. While the hallmark of Type I
supernovae is the lack of hydrogen in their spectra, 
other spectral characteristics lead to further
subdivisions. The physics of Type I supernovae are still
poorly understood, and astrophysicists still debate the
classification system. Even so, there are two broad 
subtypes : Ia and Ib.

A Type Ia supernova is associated with a binary star 
system where at least one star is a white dwarf.

If one member is a white dwarf and the other a main 
sequence star, the process is thought to be similar to
the well-understood mechanism of a nova.

In a nova, the white dwarf produces tides that strip 
some of its companion's outer layers. The stripped gas
accumulates on the surface of the white dwarf and
eventually explodes. After the explosion, the cycle 
repeats.

If the white dwarf is very near its maximum mass (the 
famous Chandrasekhar Limit of 1.4 solar masses),
matter stripped from the donor pushes the white dwarf
over the limit. When this happens, the white dwarf 
collapses. The heat released by the collapse triggers
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catastrophic nuclear reactions that completely destroy
the white dwarf.

If both stars are white dwarfs, they will eventually 
spiral in towards each other. If the merged star exceeds
the Chandrasekhar Limit, it collapses and explodes.

Observational evidence suggests that a Type Ib 
supernova is produced by a core collapse, similar to
that of a Type II supernova. In this case, the progenitor
star lost its outer hydrogen envelope. There are several 
processes that could do this. One obvious process is
the transfer of mass to a white dwarf companion. It's
also thought that the more massive Wolf-Rayet stars,
with their enormous stellar winds, could shed their
envelopes and end their lives as Type Ib supernovae.

Much of the information for this article, including the source data for the light 
curves, is from Stars, by James Kaler; Scientific American Library, ISBN 
0-7167-6031-2
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Frisbees in Space

By Dr. Tony Phillips, NASA/JPL

When Pete Rossoni was a kid he loved to throw
Frisbees.  Most kids do it's pure fun.  But in
Pete's case it was serious business. He didn't 
know it, but he was practicing for his future
career in space exploration.
Grown-up Pete Rossoni is now an engineer at 
NASA's Goddard Space Flight Center.  His main
project there is figuring out how to hurl 
spacecraft into orbit Frisbee-style.
The spacecraft are small about the size of
birthday cakes.  "This wouldn't work with big
satellites or heavy space ships like the shuttle," 
notes Rossoni.  But a cake-sized "nanosatellite"
is just right.
Nanosatellites nanosats for short are an exciting
new idea in space exploration.  Ordinary
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satellites tend to be heavy and expensive to
launch.  The cost alone is a deterrent to space
research.  Nanosats, on the other hand, can
travel on a budget.  For example, a Delta 4
rocket delivering a communications satellite to
orbit could also carry a few nanosats 
piggyback-style with little extra effort or
expense.
"Once the nanosats reach space, however, they 
have to separate from their ride," says Rossoni.
And that's where Frisbee tossing comes in.
Rossoni has designed a device that can fling a 
nanosat off the back of its host rocket.  "It's a lot
like throwing a Frisbee," he explains. "The basic
mechanics are the same.  You need to impart the
spin and release it cleanly-all in about a tenth of a
second." (The spinning motion is important 
because it allows the science magnetometer to
measure the surrounding field and lets sunlight to
play across all of the nanosat's solar panels.)
The ST5 nanosats are designed to study Earth's
magnetosphere a magnetic bubble that surrounds
our planet and protects us from the solar wind. 
But their primary goal, notes Rossoni, is to test
the technology of miniature satellites.
"We haven't done anything like this before," says 
Rossoni.  Soon, however, the concept will be
tested.  A trio of nanosats is slated for launch in
2004 on the back of a rocket yet to be
determined.  The name of the mission, which is
managed by JPL's New Millennium Program, is 
Space Technology 5 (ST5).
Can groups of nanosats maintain formation as 
they fly through space? Will their internal
systems miniaturized versions of full-sized
satellite components
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satisfy the demands of both the harsh space 
environment and critical science measurements?
Is Frisbee-tossing as much fun in orbit as it is on 
Earth?
ST5 will provide the answers.
Read about ST5 at http://nmp.nasa.gov/st5. 
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Budding young astronomers can learn more at
http://spaceplace.nasa.gov/st5/st5_tortillas1.htm

Illustration Courtesy NASA/JPL

A cluster of ST5 nanosatellites probes the Earth's magnetosphere

This article was provided by the Jet Propulsion Laboratory, California 
Institute of Technology, under a contract with the National Aeronautics and
Space Administration
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