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What We Like:

Essentially perfect optics

“Immersive” observing experience

What We Don't Like:

Trying to nail down why the observing

experience is so pleasurable.

—Dennis di Cicco, Sky & Telescope
June 2011
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comfort.

performance for any
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Visionary

With Ethos performance standards as
benchmarks, the Delos design achieves full
field sharpness, virtually perfect disfortion
correction, and color neutrality. Reducing the
field to 72° allowed freedom to increase eye-
relief while still controlling pupil aberrations
and physical size, making Delos ideal for bin-
ocular viewers! Like all Tele Vue eyepieces,
image fidelity is maximized ufilizing glass
matched multi-coatings and antireflection
surfaces throughout the eyepiece.

Contrast is additionally enhanced with a
new, continuously adjustable height, locking
eye-guard system. Indicator marks on the
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for setting the perfect position.

Both models are parfocal with Tele Vue
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Robert Naeye

Spectrum

IT’S HARD TO BELIEVE that S&T’s 70th anniversary issue is

just one month away. How many U.S.-based magazines that were being
published in 1941 are still around today? I have no idea of the exact num-
ber, but you wouldn't need a supercomputer to add them up. Thousands of
magazines have come and gone over the past 70 years, including maga-
zines that reached much larger circulations than S&T could have ever
hoped to attain. There are still a few magazines around from before World
War 2, such as S&T, National Geographic, and Scientific American. They
still exist because of a sustained commitment to quality and integrity that
inspires reader loyalty across generations.

As global internet and economic forces change the media world in
which S&T operates, we continue to expand the ways we serve our readers.
As I foreshadowed two months ago in Spectrum, we have now released
our DVD archive of the two magazines that merged in November 1941 to
become S&T. What better time than just before our 70th anniversary to put
out DVDs of The Sky and The Telescope?

And for those of you wanting to complete your DVD archives of S&T
publications, we have released Night Sky magazine in digital format. This
is the bimonthly magazine we published from 2004 to 2007 specifically for
beginning skygazers. Almost every article in Night Sky is still highly rel-
evant today. A CD containing all of S&T’s 2010 issues is also now available.

For those of you who want a specific article or back issue of S&T, but
don’t want to purchase the entire DVD archive, individual back issues of
S&T (1941 to the present day) are now available for purchase in PDF format

from our website. Visit ShopatSky.com to order
any of our exciting array of products.

And last but certainly not least, my S&T
colleagues and I are grateful to Firefly Books
for being a terrific publishing partner in a new

book by our monthly columnist Sue French.
Due for release in late September, Deep-Sky
Wonders is a collection of Sue’s 100 favorite sky
tours (25 per season) from the past 11 years of

S&T. Besides the usual charts and maps, it’s

spiced up with gorgeous images from ama-

teur and professional astronomers. We know
you'll love it!

Zf’ﬁaz‘/\/zzz?ﬂ/
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S&T’s August issue (and yogurt) enabled reader Carl
Christensen to capture Scorpius on a clear night in July.

Building Your Own Hinge Tracker
The August issue with your Hinge
Tracker article (page 64) arrived just in
time. I had just purchased a new Canon
T3i and had spent a few evenings in the
backyard taking pictures of the sky. It
appeared that the star images began to
trail after about 10 or 15 seconds. I was
going to move on to using a “piggy-

On the Web

S&T Weekly Newsletter

and AstroAlerts:
SkyandTelescope.com/newsletters

Almanac for Your Location:
SkyandTelescope.com/almanac

Tips for Beginners:
SkyandTelescope.com/gettingstarted

New Equipment Directory:
SkyandTelescope.com/directory

8 October 2011

Find us on
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back” method on my telescope when I
read Gary Seronik’s article. The magazine
arrived at noon, and after lunch I made a
trip to the hardware store and local cam-
era shop for the photographic ball head.

I built the Hinge Tracker in less than an
hour, and that evening I was back outside
with my camera mounted on the Tracker.

I'm a musician, so I used my pocket
battery-powered metronome to time the
rotations of the wheel which I had marked
in 5 second increments. Turning the
wheel one mark every 5 seconds produced
good results, and I am very pleased with
my 2-minute exposure of Scorpius (pic-
tured above).

I used a plastic top from a yogurt con-
tainer as the wheel — an homage to John
Dobson, who I believe remarked that his
mounts tracked under yogurt power due to
his diet in the monastery!

Carl Christensen
Salinas, California

Charting Pluto

I'm glad that you again published the
finder charts for Pluto, and I hope that you
consider continuing to do so. I (along with
several other members of our group) used
last year’s chart to find Pluto using our

24-inch reflector at the Amateur Astrono-
mers Association of Pittsburgh’s Mingo
Creek Observatory in Washington County,
Pennsylvania, while it was traversing a
dark nebula. Based on the success of this
endeavor and the peculiar alignment of
the planets last year, a number of us went
on to observe all nine of the eight planets
on three different occasions during our
later public star parties.

Without the possibility of easily identi-
fying Pluto with your charts, it is doubt-
ful that we would have had the unique
pleasure of observing all of the planets in
only one night (it took about four hours
each time). Keep up the good work, as you
never know where an inspiration will lead!
By the way, all of our observations of Earth
were done with the naked eye; all others
were telescopic.

Ken Kobus
AAAP
Bethel Park, Pennsylvania

Where Were the Women?
I was struck by the pictures of NEAF and
the imaging conference in the August
2011 issue: in neither was there even
one woman (“NEAF Turns 20,” page
34). While I don’t attend either expos or
conferences myself, surely there must be a
few female amateur astronomers out there
who might?

Sharon I. Smith

Copper Harbor, Michigan

Editor’s note: Many hundreds of women
attended and actively participated in NEAF.
Because our article focused on new equip-
ment, our close-up people photos showed
vendors, who are predominantly male.

Scooped?

As both C. Renée James and William
Sheehan point out in their delightful arti-
cle “Neptune Comes Full Circle,” priority
of discovery is a big deal in science (July
issue, page 28). But their example regard-
ing the first measurement of stellar paral-
lax might inadvertently leave readers with
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. Letters

the impression that Friedrich Bessel, who
measured the parallax of 61 Cygni in 1838,
was scooped by both Thomas Henderson
and Wilhelm Struve, who had previously
measured the parallaxes of Alpha Cen-
tauri and Vega, respectively.

The issue was analyzed in depth in the
pages of Sky & Telescope (November and
December 1956) by none other than Otto
Struve, Wilhelm’s great-grandson and a
frequent contributor to this magazine.
His conclusion: Bessel justly receives
credit for the first determination of stellar
parallax. After presenting the scientific
case with lawyerly precision, Otto Struve
explains, “The important thing, however,
isnot . . . which parallax was determined
first but which parallax actually dispelled
all doubts of the contemporary astrono-
mers that the long-searched-for effect
had finally been found. . . . I believe it is
important to distinguish the result that

appeared convincing to the contempo-
raries of Bessel, Struve, and Henderson,
from what we, with more than a century
of hindsight, can recognize as the first
successful [measurement.]” Establishing
priority of discovery can be complicated,
as we all know. First is not always first.

Alan Hirshfeld

Professor of Physics, University of

Massachusetts Dartmouth

North Dartmouth, Massachusetts

For the Record

% The photo of M27 and M71 on page 77 in
the September issue is a stack of 8 exposures,
for a total of about 19 minutes.

Write to Letters to the Editor, Sky & Telescope,
90 Sherman St., Cambridge, MA 02140-3264,
or send e-mail to letters@SkyandTelescope.com.
Please limit your comments to 250 words.

50 & 25 Years Ago

October 1961
Novae are Binaries “A striking hypothesis as to
the origin of the U Geminorum variable stars
was given at a session of IAU Commission

27 (Variable Stars) by Robert P. Kraft. These
stars, of which over 100 are known, spend most
of their time at minimum brightness, but at
irregular intervals become several magnitudes
brighter for a few days or weeks. . ..

“Dr. Kraft reported that at least four stars
of this type were short-period spectroscopic
binaries, in addition to SS Cygni, which was
already known to be one. Thus the suspicion
that all U Geminorum variables may be binaries
is strengthened.”

Kraft’s announcement about U Gem stars,
now often called dwarf novae, fell in line with
studies of classical novae. In a remarkably short
time, starting in the mid-
1950s, astronomers came
to realize that both types
are close binaries rather
than isolated stars, and
that the transfer of mat-
ter from the primary to
its white-dwarf compan-
ion produces (by different
mechanisms) the sudden
brightening.

Roger W. Sinnott

October 1986

Farthest Thing Seen “Last August the limit

of the known universe was pushed back

once again. The new distance champion is a
20th-magnitude quasar in Sculptor that has
been found to have a redshift of 4.01. This
means it appears to be flying away from us at 93
percent the speed of light, and that it was alive
and kicking when the universe was less than 10
percent of its present age.

“...This puts the quasar some 10 to
20 billion light-years away. The exact value
depends on just how old the universe is and
how space itself curves along such enormous
lines of sight. The find was made by Stephen
Warren and Paul Hewitt of Cambridge
University in England.”

A quarter century has passed since Ann
Finkbeiner’s article,
but Warren and
Hewitt are still at
it. They are both
members of the
European team that,
in June this year,
announced a new
most-distant quasar.
It lies in Leo and has
a redshift of 7.085.
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Trouble for the Kepler Mission

NASA-AMES / JPL-CALTECH

R. GILLILAND ET AL. / AP)

By ArL AccounTs, NASA’s Kepler
exoplanet-hunting spacecraft has been an
unabashed success since its launch 212
years ago. Mission scientists announced in
February that they had found an astound-
ing 1,235 planet candidates in just the
first four months of Kepler’s data. Beyond
its planet-hunting prowess, Kepler has
returned paradigm-changing data on the
nature of stars themselves, opening what
some call a “golden age for stellar physics.”
But project managers have become
quietly concerned that Kepler’s top priority
— finding Earth-size worlds in wide, tem-
perate orbits — cannot be achieved by the
time the spacecraft completes its planned

150 Kepler’s planners expected solar-type
i = stars to jitter in brightness by only about
g L 10 parts per million, as the Sun does. But
» 100 as seen in this plot of 12th-magnitude
% stars, most fluctuate by quite a bit more.
s
2 50
€
=]
z

0

Ui

An artist’s concept of the super-Earths Kepler
10b and Kepler 10c closely orbiting Kepler 10,
which is about 560 light-years away.

3l2-year mission in November 2012.
Kepler is staring at a patch of sky about
10° wide in Cygnus and Lyra, continually
recording the brightness of more than
145,000 stars to very high precision. It’s
designed to detect the tiny dip in a star’s
brightness when a planet crosses in front.
Spotting giant planets this way is a snap
for Kepler’s 37-inch (95-cm) telescope and
superprecise detector array. But it’'s much
more challenging to pick out the tiny dips
from Earth-size bodies, which cause dim-
mings of roughly 100 parts per million.
“We've always believed that there are
more small planets than big ones,” says
Sara Seager, an MIT exoplanet specialist.

0 10 20 30

Stellar noise (parts per million)

40 50 60
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For astronomy news as it breaks, see
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Yet among Kepler’s 1,235 announced can-
didates, only 68 are Earth-size — a tally
far short of the anticipated windfall.

The reason is not that exo-Earths are
proving to be rare, or that something is
wrong with the spacecraft. The problem is
in the planets’ host stars themselves.

Noisy Stars

The first signs of trouble appeared early.
“We weren't getting anywhere near the
precision we should,” recalls principal
investigator William Borucki (NASA/
Ames Research Center). An end-to-end
check showed that the craft itself was fine.
But Kepler scientists had assumed that
most main-sequence stars like the Sun
would behave as the Sun does. Up-and-
down churning of gas in the solar photo-
sphere causes the Sun’s brightness to vary
by about 10 parts per million (ppm) over
timescales of a few hours. But most of the
stars Kepler is watching turned out to fluc-
tuate more than that (see graph at lower
left). This intrinsic noise makes their light
curves messier, so identifying transits by
small bodies is unexpectedly difficult.

A planet like ours, crossing a star
like ours, would dim it by about 85 ppm.
“That’s going to be a fairly subtle signa-
ture in the data,” explains Ron Gilliland
(Space Telescope Science Institute).

The main reason Kepler has identified
any Earth-size candidates so far is that a
planet in a tight orbit will cross its star’s
face many times in just a few months. So
a distinct repetitive signal will eventually
emerge even if the individual dips are
nearly buried in noise.

But these close-in worlds are much too
hot to be habitable. Kepler’s core mission
is to identify true analogs of Earth —
small planets orbiting far enough from
their stars to maintain water-friendly
temperatures. Mission scientists knew all
along that these prize candidates would
take the most time to spot, both because



they cross in front of their host stars only
about once per year (for 13 hours at most
for an Earth-and-Sun clone), and also
because their much larger orbits have only
a 1-in-200 chance of appearing so nearly
edge-on that they cross the star’s face.
That’s why Kepler is staring at so many
stars, and that’s why the basic mission is
3Y2 years long. Over that stretch a candidate
planet circling roughly 100 million miles
from its star (as we do) will complete three
transits — the minimum to be considered
statistically robust. But throw in the added
difficulty of noisy stars, and the chance of
finding true Earth analogs plummets.

More Time Needed

There’s only one way around this unex-
pected setback. The longer Kepler can
stare, the more long-period transits it can
record, so the better they will stand out
from the noise. According to a com-
prehensive analysis by Gilliland and 16
colleagues, the spacecraft would need to
amass at least 7 or 8 years of observations
— double the planned mission length —
to identify all the Earths passing in front
of solar-type stars in its field of view.
Ordinarily, getting NASA managers
to extend Kepler’s operations for a few
more years would be nearly automatic.
Although the total mission cost is roughly
$600 million, it would take no more than
$17 million per year to keep it going. The
spacecraft is healthy, with enough consum-
ables to last through most of this decade.
But these are turbulent budgetary
times. NASA’s astrophysics funds are
shrinking, and major cost and sched-
ule overruns by the James Webb Space
Telescope threaten to swallow ever more
of them (see next story). Worse, Congres-
sional budgeteers proposed in July to slash
more than $1.9 billion from the Obama
administration’s NASA budget for 2012.
Borucki remains hopeful that an
extension will be approved. “I think this is
the greatest mission that NASA has ever
flown,” he says. “I can’t imagine any other
mission being more important.” But, says
Jon Morse, director of NASA’s astrophys-
ics division, “One of the hardest things we
do is to plan our next year’s activities in
uncertain times.”

Several committee leaders are looking
for ways to keep the project going. More-
over, NASA has a powerful ally in Mary-
land Senator Barbara Mikulski; she has
steadfastly supported her state’s Goddard
Space Flight Center, which plays a major
role in JWST. Many see the committee’s
recommendation to kill JWST as a shot
across NASA’s bow rather than a deter-
mined effort to scuttle the mission, but
no one knows what may happen to U.S.
space-science projects in these austere
times. Clearly JWST will be a lightning
rod for discussing what’s going right and
wrong at NASA in the months ahead.

Hubble Spots

New Pluto Moon

Astronomers using the Hubble Space
Telescope have discovered a tiny fourth
moon orbiting Pluto. Designated S/2011
(134340 Pluto) but nicknamed P4, the
newcomer orbits Pluto every 32 days at

a distance of about 37,000 miles (59,000
km). This puts it between the orbits of Nix
and Hydra, the two small satellites found
circling Pluto in 2005.

A team led by Mark Showalter (SETI
Institute) and Douglas Hamilton (Univer-
sity of Maryland) recorded P4 in images
taken by Hubble’s Wide Field Camera 3 on
June 28th, July 3rd, and July 18th. P4 is only
26th magnitude, about a tenth as bright
as Nix. If P4’s albedo (reflectivity) is 35%,
like Pluto’s largest moon, Charon, then P4
would measure only 9 miles (14 km) across.

NASA

An engineering drawing of the James Webb
Space Telescope in space. Its optics are above
and its instrument package is below the wide
sunshade. The Sun is below the frame.

Will the James Webb Space

Telescope Be Canceled?

NASA'’s James Webb Space Telescope, the
intended successor to Hubble, has had a
rocky road toward the launch pad. Last
year a blue-ribbon review panel found that
the project was rife with bad management
and poor cost control. Now there’s fear that
the huge space observatory’s 6.5-meter
primary mirror — recently completed —
will never see starlight at all.

In July the House Appropriations
Committee unveiled its spending plan for
the coming fiscal year. The Republican-
controlled committee proposed to provide
NASA only $16.8 billion in fiscal 2012, $1.6
billion less than in fiscal 2011 and $1.9
billion below President Obama’s request.
And the committee called for JWST to be
cancelled outright, despite the $3 billion
already spent on it.

The committee is looking to make such
deep reductions, in part, because Con-
gress favors having NASA develop a new
heavy-lift Space Launch System capable of
sending crews beyond Earth orbit. The fis-
cal 2012 plan contains $1.9 billion to keep
that program rolling.

Meanwhile, construction on JWST
continues. More than 75% of the hardware is
either in production or finished, NASA says.

Although astronomers are looking for-
ward to the rich discoveries that the Webb
telescope would surely make, they’re also
aware that its price tag, now estimated at
more than $6.8 billion, will continue to
suck up federal dollars that NASA could
use to fund an entire slate of other promis-
ing astronomical spacecraft.

Pluto’s Satellites

» /\
@

Charon

S&T: LEAH TISCIONE

Pluto’s newest moon is small enough to
orbit between little Nix and Hydra without,
apparently, disturbing them gravitationally.
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. News Notes

Pluto is 1,440 miles in diameter,
Charon is about half as wide at 750 miles,
and Nix and Hydra are probably about
50 to 70 miles across. All the satellites
probably accreted from debris cast out
when a massive object collided and
merged with Pluto, much the way Earth’s
Moon formed and unlike the “mini-solar
systems” of satellites orbiting Jupiter,
Saturn, and Uranus.

The discovery means that NASA’s
New Horizons spacecraft will have more
to do when it speeds through the Pluto
system in July 2015. “It’s going to make
the encounter even more exciting, and
even busier than the pace we planned with
just three moons to observe,” says New
Horizons principal investigator Alan Stern
(Southwest Research Institute).

And what about a name for the new
find? “Mark and I like the name Cerberus,
the three-headed dog that guards Pluto’s
realm,” Hamilton says. “But the name is
unofficial for now.”

Next Mars Landing Site:

Gale Crater

NASA’s Mars Science Laboratory, a.k.a.
“Curiosity,” is due to depart Earth on or
around November 25th. Mission plan-
ners have decided it will set down on the
broad floor of Gale Crater in Gomer Sinus,
where the heavily cratered ancient terrain
of Mare Cimmerium runs down to vast,
flat plains to the north.

Gale (named for Australian banker-
turned-astronomer Walter Frederick Gale,
1865-1945) is 96 miles (154 km) across and
is likely at least 3%2 billion years old. It’s
distinguished by a massive layered mound
at its center that rises 3 miles above the
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Vesta Unveiled

NASA’s Dawn spacecraft took up orbit around 4 Vesta in July and began returning spectacular
high-resolution images of the asteroid, the second largest with a diameter of 330 miles (530 km).
Dawn will spiral down to a much lower imaging orbit by early 2012. More in next month’s issue.

crater floor. To astrobiologist Nathalie
Cabrol (SETI Institute), the geology inside
Gale suggests a water-rich environment
that changed “from warm and wet to cold
with ice-covered water, which could have
provided suitable oases for various com-
munities of microorganisms.”

Gale’s big draw was the massive cen-

This computer-
generated view,
based on many
images from orbit,
shows Gale crater
as if seen from
the northwest.
The black ellipse
shows the area
within which Curi-
osity will land.

NASA [ JPL-CALTECH / ASU / UA

tral mound. Orbital scrutiny shows that
the towering stack has layers of clay min-
erals near its base, sulfates above those,
and an enigmatic cap of younger frac-
tured sediment. The site offers a chance
to understand water’s role in a sequence
of ancient environments — “an opportu-
nity,” observes John Grant (Smithsonian
Institution), “to read chapters in a book of
the history of past deposition on Mars.”

After arriving in August 2012, the
rover — five times as heavy as Spirit and
Opportunity — is expected to drive at
least 12 miles during its two-year basic
mission. Its complement of instruments
(including 17 cameras) is oriented toward
analyzing rock and soil chemistry in
what was once a water-rich environment.
Among other things, Curiosity can mea-
sure carbon isotopes that could have been
sorted out by living organisms. 4

NASA / JPL-CALTECH / UCLA / MPS / DLR / IDA
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Cosmic Relief

David Grinspoon

Studying the terraforming of other planets can help us survive on Earth.

OUR PLANET IS notwhatitusedtobe. S&Treadersknow
that the night sky has become muted with widely scattered
light. Looking down at Earth from orbit, we’ve seen and mea-
sured numerous far-reaching changes, from illumination to
land usage to atmospheric composition. Whatever you think
about the threat of anthropogenic global warming (AGW),
you cannot deny that our species has radically
altered our planet. Recently, geologists have
been discussing the possibility that we
have entered a new geological age — the
Anthropocene — defined by humans
as agents of global change.

But is this truly unprecedented?
After all, our planet, like any other
complex system of interacting feed-
backs, has a history of unrelenting
change. Any planet with robust life
will be a dynamic and shifting sys-
tem. Other species have caused previous
planetary transformations, including some
that were traumatic for the biosphere. The first
photosynthetic microbes 2.4 billion years ago introduced
poisonous oxygen gas that had massive “unintended” con-
sequences. Besides causing extinctions, these irresponsi-
ble photosynthesizers may have plunged our planet into a
frightening “snowball Earth” phase.

We can't return Earth to “normal” because there never
was an ideal and steady climate. Earth history is a sequence
of radical changes that, in the absence of intervention, will
continue. We might group these, broadly, into four catego-
ries, distinguished by the differing roles of life:

1. Natural disasters: life plays no role (asteroid impact).

2. Biologically induced: simple life causes radical
changes (oxygen catastrophe).

3. Inadvertent: proto-intelligent life causes accidental
changes (ozone destruction, uncontrolled AGW).

4. Purposeful: intelligent life acts to change the envi-
ronment for its own benefit (repairing the ozone layer,
active regulation of climate, the Anthropocene).

16 October 2011 SKY & TELESCOPE

Viewed this way, the Anthropocene is something to
welcome, to strive for. The natural capriciousness of
planetary systems means that long-term survival will
require that we learn to enact planetary changes of the
fourth kind: purposeful change. To avoid disaster over a
billion years as our star and planet evolve, we will need to

intervene in planetary climate. What’s new here is
foresight — the ability to model future trends,
see the consequences of our actions, and
contemplate course corrections. We're
only partway there, so in my view we
have achieved only proto-intelligence.
Viewed large, our current survival
challenge is to attain this capability
and thus become fully intelligent.
Perhaps we should call our
current phase of accidental tinker-
ing the proto-Anthropocene. How do
we progress to the point where we are
thoughtfully altering our planet’s environ-
ment? Sci-fi writers and planetary scientists have
studied the problem for a long time — they call it “terra-
forming” — the alteration of other planets to make them
Earthlike by, for example, enhancing the greenhouse on
Mars or damping it down on Venus, so that their surfaces
can support liquid water and plant life.

Many environmentalists have written about the
Anthropocene as a topic of fear or shame, but I see it as
a hopeful step, albeit one we are still trying to achieve.
Regardless of the imminence of the climate change
threat, it’s encouraging that there is now more broad
discussion of our role on the planet. This is a teachable
moment for humanity. As the writer H. G. Wells foretold,
“There is no way back into the past. The choice is the
Universe — or nothing.” 4

Noted book author David Grinspoon is Curator of
Astrobiology at the Denver Museum of Nature & Science. His
website is www.funkyscience.net.
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DAVID SINCLAIR STEVENSON

INSPIRED BY THE DESIRE to probe
the universe’s expansion history, several
robotic supernova searches over the past
20 years have greatly increased the discov-
ery rate of exploding stars. With advances
in CCD technology, high-speed comput-

-W  ing, and fully automated telescopes, these
surveys are churning out supernovae on a nearly daily
basis. The Palomar Transient Factory (PTF), for example,
has identified more than 900 explosions in its first two
years alone. And amateurs continue to chime in with
occasional discoveries. Among all of these findings is a
smattering of unusual beasts.

Exploding massive stars are among nature’s most
extraordinary spectacles, often outshining their host
galaxies for days or weeks. But buried in this haystack
of data are gargantuan blasts that exceed even the lofty
standards of typical supernovae, and that elude standard
explanations. Astronomers are now scrambling to classify
and understand the most energetic explosions.

According to textbooks, a typical core-collapse super-
nova goes something like this: Massive stars swell into red
supergiants, then, with increasing desperation, they fuse
successively heavier elements — helium, carbon, oxygen,
neon, silicon — in an attempt to stave off gravity’s fatal

Left: Artist Don Dixon portrays a star going
supernova near a hypothetical (and unfortunate)
planet. For decades, most observed supernovae
seemed to fit into one of several well-defined
classes. But with the recent increase in the
supernova discovery rate, astronomers are finding
occasional oddballs, including some that are
significantly more luminous than typical supernovae.

embrace. But once iron is forged from silicon, the core can
no longer produce energy from fusion; it gravitationally col-
lapses, forming a neutron star or black hole. In the ensuing
maelstrom, a shock wave blows the rest of the star apart.
The shock wave, and huge quantities of radioactive
nickel and cobalt, heat the exploded star’s expanding
debris, producing the extreme luminosity of core-collapse
supernovae. The debris cools over the ensuing days, but
its increasing surface area keeps the luminosity roughly
constant. The supernova peaks in luminosity a few days
or weeks after the explosion, followed by a decline over
the next 100 days or so. Once the debris has thinned and
cooled, the final phase of the decline is powered by the
radioactive decay of nickel-56 synthesized in the explosion.
But the recent discoveries of supernovae that are 10
to 100 times more luminous than typical core-collapse
explosions have taken astronomers by surprise. Even
more mysterious, some displayed narrow emission lines
in their spectra that indicated a light source not powered
by radioactive decay or expansion, but by violent collision.
What'’s going on with these super-charged supernovae?

The Impostor
SN 2006jc was one of the first of these atypical supernovae.
Discovered by Japanese amateur Koichi Itagaki on October
9, 2006, and independently by Tim Puckett and Roberto
Gorelli, it peaked at an absolute magnitude of —18.3, more
luminous than many core-collapse supernovae, which have
absolute magnitudes of about —16.5. Despite clearly belong-
ing to the Type Ic class, SN 2006jc’s spectrum exhibited
abundant helium, suggesting that this rather peculiar
explosion occurred within a dense shell of helium-rich gas.
But where did all this helium come from?

The clue came from an observation made two years
earlier by Itagaki himself. He observed an eruption at the

extremely violent events that occur before and after stars explode.

SDSS | NATURE KOICHI ITAGAKI /| NATURE

KOICHI ITAGAKI /| NATURE ASIAGO OBS. /| NATURE

SUPERNOVA IMPOSTOR These images show galaxy UGC 4904, 78 million light-years away in Lynx. Far left: This December 2001
Sloan Digital Sky Survey image shows UGC 4904 without anything unusual going on. Left center: In October 2004, Japanese amateur
Koichi Itagaki captured what he thought was a supernova in the galaxy’s outskirts, but it was actually a supernova impostor. Right
center: By September 2006, the bright spot had faded from view. Far right: In October 2006, the 1.82-meter Asiago Telescope in Italy
imaged a much brighter explosion at exactly the same spot as the 2004 transient. This was the actual supernova, named SN 2006jc.
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same location in galaxy UGC 4904, which he and others
initially assumed to be a supernova. But it was not. In
2004 the progenitor star explosively ejected its helium-rich
outer envelope, an event bright enough to be mistaken

for a supernova, but which left the remainder of the star
intact. Astronomers have been fooled before by these
powerful eruptions, which have come to be known as
supernova impostors. Two years later, the progenitor’s core
imploded, triggering a supernova that blew the star apart.
The expanding debris slammed into the previously ejected
slow-moving helium shell. As Nathan Smith (University
of Arizona) points out, “SN 2006jc really opened our eyes
to the possibility that some unexpected and violent events
can occur shortly before core collapse.”

Although SN 2006jc’s progenitor was not observed
directly, it behaved like a Luminous Blue Variable. LBVs
are extremely hot and massive stars that occasionally
eject their outer layers in violent outbursts. In the 1840s,
the Milky Way LBV Eta Carinae suddenly brightened as
it threw off more than 10 solar masses in a “great erup-
tion” (S&T: October 2004, page 42). Had alien astronomers
viewed that outburst from a distant galaxy, they almost
certainly would have initially classified it as a supernova.

The fact that SN 2006jc’s progenitor apparently ejected
its outer envelope two years prior to exploding creates sig-
nificant problems for prevailing stellar-evolution models.
LBVs generate such colossal energy that they desperately
shed matter to regain stability. The LBV phase is thought
to occur just after a star leaves the main sequence, and it’s
expected to last tens of thousand of years. After ejecting
tens of solar masses, the star evolves into a slimmed-down
Wolf-Rayet star. The Wolf-Rayet phase is expected to last
at least 100,000 years before the star goes supernova. The
idea that LBVs could self-destruct as supernovae was
heretical. If SN 2006jc’s progenitor star was indeed an
LBV, its terminal explosion was a sacrilegious event.

An Even Bigger Bang

As if to underscore the growing uncertainty in the mod-
els, SN 2006gy shattered assumptions regarding lumi-
nous core-collapse supernovae. Discovered on September
18, 2006, the explosion peaked at a staggering absolute
magnitude of —22, roughly a hundred times more lumi-
nous than a typical core-collapse supernova (S&T: April
2007, page 14). Astronomers were unable to detect the
radioactive nickel thought necessary to provide such high

CLASSIFYING SUPERNOVAE

Most core-collapse supernovae — those classified as Type Il
—display hydrogen in their spectra. Some massive stars shed
their.hydrogen envelopes, and sometimes their helium layers,
before they explode, appearing as Type Ib or Type Ic events,
respectively. Supernovae resulting from exploding white
dwarfs are known as Type la.

SKY & TELESCOPE

luminosity. From 2005 to 2008, surveys revealed several
similarly brilliant explosions also with minimal amounts
of nickel: their brilliance was born of violent collisions.

Three models have been proposed for SN 2006gy’s
high luminosity. The first is a scaled-up version of the
LBV-ejection mechanism proposed for SN 2006jc. When
the supernova’s blast wave collided with surrounding
matter, the wave’s substantial kinetic energy was con-
verted into radiant energy. The second possibility invokes
pulsational pair-instability models. The third involves a
magnetar rather than an energetic collision.

In the magnetar model, the star has already gone
supernova when the real fireworks begin. A small fraction
of supernovae leave behind highly magnetized neutron
stars called magnetars. Initially these energetic objects
spin hundreds of times per second, but their ultra-intense
magnetic fields rapidly decelerate the magnetar’s rota-
tion. The rotational energy is transferred to the supernova
ejecta, causing it to emit a prolonged additional pulse of
light. This interaction could provide the extra oomph in
the display of some of these super-charged supernovae.

In the most complex model, pulsational pair-instability
(PPI), the star’s late evolution radically departs from the
textbook scenario. In some cases, stars with more than 95
solar masses may hit a nasty snag as they approach oxy-
gen fusion. The core’s extremely high temperature sets
off an instability. Radiation (mostly in the form of gamma
rays) props stars up against gravity. But in very massive
stars, fusion reactions eventually produce gamma rays
that are so energetic that they turn copiously into matter-
antimatter pairs (electrons and positrons) via Einstein’s
famous equation E=mc?. The withdrawal of photon pres-
sure emanating from the core triggers a catastrophe.

Following initial work by Gideon Rakavy, Zalman
Barkat, and Giora Shaviv (Caltech) in 1967, Gary Fraley
(also at Caltech) modelled various scenarios following the
onset of this instability. Formation of electron-positron
pairs knocks the crutches from under the struggling star
by suddenly withdrawing the gamma rays. The inner core
gravitationally contracts, triggering a cascade of explosive
nuclear reactions. Modelling by Stan Woosley (Univer-
sity of California, Santa Cruz) and others show that in
some instances the ensuing firestorm is insufficient to
completely destroy the star; instead much of the star’s
hydrogen envelope is ejected, which can be observed as a
supernova impostor, but the stellar core remains intact.

The PPI model suggests that after a brief hiatus the
helium core contracts again, renewing heating and trig-
gering the same instability. This drives a second, more
violent explosion that blows off part of the helium-rich
envelope at great speed. This shell slams into the previ-
ously ejected hydrogen-rich layer, generating a brilliant
eruption. The remaining core completes its evolution,
generating a conventional core-collapse supernova a few



Comparing Supernovae
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These illustrations show different pathways in which massive stars can either explode as supernovae or appear as supernova
impostors. Astronomers can disentangle the different mechanisms by taking light curves and spectra.
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HYPERNOVAE
A small subset of
supernovae have
been dubbed
hypernovae due
to their high
luminosities and
fast expansion
speeds. But this
is a fast-and-
loose term, and
astronomers have
not yet agreed
upon a formal
definition. Some
stellar explo-
sions that have
been labeled as
hypernovae have
been associated
with gamma-ray
bursts, which

are powered by
relativistic jets. All
of the supernovae
described in this
article were not
associated with
GRBs, but it’s
possible that one
or more of them
had jets that
were not pointed
toward Earth.
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BLUE EXPLOSIONS In the past few years, the Palomar Tran-
sient Factory project has picked up several unusually luminous
blue explosions that probably herald the discovery of a new class
of supernova as yet unexplained. Here we see two of these super-
novae, both occurring at immense distances from Earth.

years later. In this PPI scenario, SN 2006gy could have
been an extremely luminous supernova impostor, and we
have yet to see the progenitor explode. “In this model, there
can be multiple outbursts (supernova impostors) prior to
the star’s final demise,” says Robert Quimby (Caltech).

The PPI model makes a testable prediction: since
the stellar core remains intact, there should be little or
no nickel-56 in the supernova’s spectrum because this
radioactive isotope still hasn’t been synthesized. SN 2006gy
appears to fit the bill. Various observations place an upper
limit of nickel-56 of 3 solar masses. Later spectra revealed
the clear presence of dense circumstellar material ejected
prior to the explosion in accordance with the PPI model.

Bolstering this interpretation, astronomers later dis-
covered two similar ultraluminous supernovae: SN 2006tf
and SN 2008am. Both exhibited the hallmarks of strong
circumstellar interaction with a supernova blast wave.
There is clear kinship between these events, and there’s
growing suspicion that many ultraluminous superno-
vae are actually driven by stellar pulsations rather than
terminal explosions. Astronomers will clinch the deal if
they observe an actual supernova at SN 2006gy’s location
in the near future. If they do, the first mighty brightening
merely served as a prelude to the final cataclysm.

Brilliant Blue Blasts

But nature can up the ante even further. In its first two
years the Palomar Transient Factory detected four bril-

PAIR-INSTABILITY SUPERNOVA SN 2007bi
offers the first compelling candidate of a rare
type of extremely energetic explosion known

as a pair-instability supernova. The progenitor
probably started off with about 200 solar
masses. Such massive stars are exceedingly rare
in the modern universe, but they may have been
more common in earlier epochs.

NEARBY SUPERNOVA FACTORY [ AVISHAY GAL-YAM (WEIZMANN INST.)
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liant, blue explosions. Subsequent analysis by Quimby
and others showed that these events are related to an
intense, blue explosion known as SCP 06F6. Discovered
by the Supernova Cosmology Project on February 21,
2006, it attained higher luminosity than SN 2006gy’s peak
absolute magnitude of -22. For a few years these peculiar
explosions remained enigmatic, bearing little resem-
blance to other supernovae. But Quimby realized that by
tweaking their spectra to take into account differences in
redshift, the PTF events could be aligned with SCP 06F6
and another weird superluminous explosion, SN 2005ap.
“Boom — it was a perfect match,” recalls Quimby.

The close synergy of these events extended to a number
of features. Quite aside from the extreme luminosities, the
spectra revealed an absence of hydrogen, unusually high
expansion velocities (14,000 km per second), strong interac-
tions between the blast wave and fast-moving, hydrogen-
free material, and particularly hot ejecta (10,000 to 20,000
Kelvins). These explosions also share a prolonged rise time
of 30 to 50 days — in excess of most Type II explosions, but
their rate of decline was too fast to be powered by radioac-
tive decay. Quimby tentatively assigned the cause to either
PPI events or post-core-collapse injections of energy from
nascent magnetars. But the enigmatic nature of these
events certainly demands further scrutiny.

The Ultimate Supernovae

What happens if a star’s mass exceeds those giving rise
to PPI events? A possible answer came in early 2007
when the Nearby Supernova Factory group discovered SN
2007bi in the outskirts of a nondescript dwarf galaxy. The
spectrum revealed broad lines indicating high expansion
speeds, and its brilliance was observed for more than

600 days. This suggested that the supernova synthesized
between 3 and 10 solar masses of nickel-56. Such a large
quantity left few reasonable mechanisms for its produc-
tion. The front runner was a pair-instability explosion
theorized by Gary Fraley and others — the death of a star
with between 130 and 260 solar masses. In this explosion,
the instability decimates the star with one killer blow and
can generate a huge supply of radioactive nickel.

“Supernova 2007bi is a pretty convincing case of a
pair-instability supernova,” says Alex Filippenko (Uni-
versity of California, Berkeley). “Based on the light curve
and late-time spectra, we find that the progenitor star had
a helium core of about 100 solar masses. The resulting
explosion is very difficult to explain in any way other than
a pair-instability supernova.”

The nature of these progenitors is contentious, because
it’s difficult to explain how stars can attain such large
masses. A key issue is mass loss, particularly as stars age.
Most massive stars shed considerable mass, particularly
after they leave the main sequence. Elements heavier than
helium (metals) exacerbate stellar mass loss. Most astro-



STAR ON THE BRINK

The Luminous Blue Variable
Eta Carinae is an extremely
massive, energetic, and
unstable star that is destined
to go supernova. This Hubble
image reveals two expand-
ing lobes of gas and dust,
which were produced by an
eruption that caused the star
to brighten noticeably in the
1840s. This event would have
been a supernova impostor to
astronomers in distant galax-
ies. If the star explodes in the
near future, the blast wave
will slam into this ejecta,
causing a brightening that
could make the supernova
appear unusually luminous.

@ Listen to a FREE BONUS AUDIO INTERVIEW

To listen to an audio interview with
supernova researcher Robert Quimby,
visit SkyandTelescope.com/supernova.

ROBERT QUIMBY

physical models, even those that adopt very low metal
content, end up with stars that are insufficiently massive
to undergo pair-instability explosions. Another contro-
versial area is the formation of ultramassive stars. Dense
molecular clouds with high metal content tend to cool
and fragment prematurely into smaller clumps, prevent-
ing them from forming extremely massive stars.

A possible solution to these conundrums is the merger
of massive stars in dense clusters. There is agreement that
if all else fails, stellar collisions could give rise to the sort
of monster we saw dying in SN 2007bi. Simon Portegies
Zwart and Edward van den Heuvel (University of Amster-
dam) proposed this mechanism for SN 2006gy, with the
formation of an intermediate-mass black hole accompany-
ing the explosion.

As is apparent from observations of various superno-
vae, some stars can retain sufficient mass to die through

SMITH /JON A. MO

novel, violent mechanisms. Will similar events be
observed? Yes, thanks to automation. Theorists think that
pair-instability events may occur at a rate of 1in 1,000 to
10,000 supernovae; this is well within the detection limits
of current supernova searches.

Done and Dusted?

The deaths of the most massive stars undoubtedly hold
many surprises. Stars between the regimes of core-collapse
and pair instability could form a range of objects visible
to astronomers. As we ascend the mass ladder, the burps
and wheezes of LBVs might give way to isolated PPI-driven
eruptions. With increasing mass, PPI events could increase
in frequency until instability results in the total annihila-
tion of the star. Further observations are clearly warranted.
“Stellar evolution models are based on a lot of assump-
tions about how stars lose mass during their lives,” says
Smith. “We have learned recently that some of the key
assumptions are wrong at a basic level and need to be
reconsidered.” Where better to conclude a narrative and
begin an adventure? 4

David S. Stevenson is a part-time science writer and full-time
teacher at Carlton le Willows Academy in Gedling, England.
He is currently writing a book about supernovae for Springer.
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Recks

Canadian scientists get a close look at

from

a meteor as it breaks up

Heaven

over southern Ontario.

LT umnlmg Wi el

. Most modern meteorite tales begin with a long
voyage to an exotic locale, such as the deserts of Ant-
arctica, Sudan, or Oman. But one group of Canadian
scientists was lucky to have a much shorter trip when
a meteorite fell nearly in its backyard, right over the
camera network it had built to record these kinds of
falls. The fine details observed by the scientists have
resulted in the most instrumentally recorded fireball to
date, 13 recovered fragments, and detailed knowledge of
the parent body’s orbit.

Lighting Up the Sky

September 25, 2009, was a cool, clear evening across

nearly all of southern Ontario. At 9:03 p.m. from a star McCausland, Peter G. Brown, and other UWO scientists
party I was attending, a bright light suddenly appeared operate the multi-instrumental Southern Ontario Meteor
high in the west and traveled down toward the west- Network. It includes seven sensitive video cameras that
ern horizon, lighting up the field with three brilliant have been making fisheye-lens recordings of the entire sky
whitish-green flashes that cast sharp shadows on the since 2006. The cameras are spread over 300 kilometers
ground. After we got over our surprise, we all agreed it (190 miles), generally about 50 to 70 km apart. Each one
was the brightest meteor we had seen in a long time. is under a heated, clear plastic dome to keep dew, ice, and
University of Western Ontario (UWO) meteoriticist snow from accumulating. The network also consists of an
Phil McCausland also saw the fireball from London, infrasound detector array 30 km north of London, which
Ontario. He didn’t view it directly, but it was so bright records atmospheric shock waves, and a radar array 100 km
that the reflected light was visible in the edges of his northeast, which bounces radio waves off the ionized trail
bedroom window. He immediately thought that the left by an ablating meteoroid’s speedy passage. The three
event would be worth checking the next day. types of observations provide independent measurements

24 October 2011 SKY & TELESCOPE
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FIREBALL PHOTO Local resident Miranda Nenadovich happened to be taking photos of the Cleveland, Ohio, skyline “when out of
nowhere was a flash of green light. | had no idea what it was until | researched it online the next day,” she recalls. Her Canon XTi DSLR
camera caught the brilliant fireball speeding toward Grimsby, Ontario. She was 250 kilometers (155 miles) from the fireball, which is
why the streak appears near the horizon. The apparent gaps in the streak are due to clouds.

of a meteor’s trajectory, speed, and energy. of the radar and infrasound data, along with the higher-
When a camera records a bright event, it sends the precision camera data, revealed that meteorites may have
information to a central computer server noting the time, landed a bit farther south, perhaps in Grimsby itself.
brightness, and direction. If multiple cameras simultane- The team’s excitement grew and McCausland was
ously record a bright event, the computer flags it for the sci- handed responsibility for the ground search. He and a
entists’ attention the following morning in an e-mail sum- large group of UWO students, along with faculty mem-
marizing the night’s events. “All of the cameras detected bers Roberta (Robbie) Flemming, Howard Plotkin, and

the September 25th meteorite, but I should emphasize Gordon Osinski, made daily trips to Grimsby to examine

none of them automatically detected it. It was actually too the local terrain, interview residents, and do some scout-

bright for our automated detection software,” says Brown. ing to determine the likelihood of finding fragments.
Brown’s initial rough trajectory showed that any mete-

orites must have fallen into Lake Ontario near the town of ALL IMAGES COURTESY UNIVERSITY OF WESTERN

Grimsby. But over the next few days, a closer examination ONTARIO UNLESS OTHERWISE CREDITED
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may have produced fragments that landed in Grimsby
and gave a brief description of what to look for. The next
few days resulted in a flurry of television and newspaper
reports, followed by a deluge of e-mails and phone calls.
McCausland skimmed his overflowing inbox as quickly
as possible for mentions of rocks or stones. None panned
out. On a closer examination of less-promising e-mails,
he found one tantalizing candidate from Grimsby resi-
dent Yvonne Garchinski.

Broken Windshield
The morning after the fireball, Yvonne’s 30-year-old son
Tony found that the front windshield of the family’s SUV
had been smashed (but not penetrated) by a stone, which
he promptly found in five pieces on the driveway. He
reconstructed the five pieces’ trajectory and found that the
all-sky camera 3 at McMaster University in Hamilton had the best stone traveled nearly straight down then crashed into and
view of the fireball, which passed nearly overhead. This image is a bounced off the windshield. After that it split into pieces
composite stack of 12 video frames selected from the final second that left scratches on the front hood and twin dents in
of the fireball as it streaked toward the southeastern horizon. the garage door. He assumed that it was the mischief of
vandals, but was puzzled: Why they would have thrown
They went door-to-door asking residents if they had seen the stone straight down? Luckily, he kept the pieces, and

GRIMSBY METEOR The Southern Ontario Meteor Network’s

or heard the fireball. Many had seen it, but they were Yvonne began the process of filing an insurance claim
really hoping to find people who had heard it — not the and replacing the windshield.
fireball’s sonic boom but the whistle of a small fragment A week and a half after the fireball, Yvonne saw a televi-
overhead, or even better, the thud or bang of a fragment sion report about possible fragments on the ground. She
hitting a tree, a building, or the ground. “Broken windows checked her calendar to see what night her windshield had
or a dent in a car are the best signs, but very rare,” says been broken, realized it was the right one, and that Tony’s
Martin Beech (University of Regina). After hearing a few  stones matched McCausland’s description of probable
reports of sounds, they took a quick look through some meteorites. As McCausland had suggested to the public,
grassy fields and farms but turned up no fragments. she bagged them and sent him an e-mail. Unfortunately, it
McCausland alerted the local media that the fireball had the vague subject “meteor sighting” and nothing about

Department of
Mines and Energy —

EN
"\..‘ 4 ..

GRIMSBY RESIDENTS Above: Tony and Yvonne Garchinski examine the
meteorite that cracked their SUV’s windshield. Right: Tony Garchinski found these
five meteorite fragments in their driveway on the morning after it fell.
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STONES FROM SPACE Left: Phil McCausland holds a 46-gram piece recovered from the Garchinski’s driveway. Middle: This fragment was
recovered in a field near Grimsby. Right: Local volunteer Rob Williamson and University of Calgary grad student Ellen Milley search for meteorites.

stones or rocks. He read her message a day and a half later.
“Immediately upon reading her message, I just knew it was
the real McCoy,” he recalls. “I stopped right there. I sent her
a message, I picked up the phone, I called Howard, called
Peter, called Robbie, and said, ‘Yes, I think we've got it.””
After talking with Yvonne on the phone, he and Plotkin
arranged a visit the next morning. As soon as she appeared
with her bagged stones, McCausland only had to glance at
them before saying, “Congratulations, you've got a meteor-
ite.” (In Canada, meteorites are legally owned by the people
whose property they land on.) This was the first confirmed
find of the Grimsby meteorite fall. They had an impromptu
celebration on the driveway where it had been found.
McCausland could now tell the media that meteorites
had been found. His team, as well as professional meteor-
ite hunters, spread over the Grimsby area in an attempt to
find more. In the next six weeks, 12 more meteorites were
found in the surrounding area, bringing the total to 13
pieces with a combined mass of 215 grams (0.47 pound).
McCausland suspended the search during winter and
resumed it in the spring of 2010, before many farmers had
planted their fields. Despite numerous tries with search
teams ranging in size from three to 20, they failed to
uncover any of the rarer but expected larger meteorites. In
November, using the most refined trajectories yet, a search
of more soybean fields and vineyards yielded no success.

Careful Calculations

Calculating where a meteorite will land is no simple mat-
ter; each event’s unique characteristics make it difficult
to develop a general model that accepts a short set of
numbers as input and gives a location as output. Astrono-
mers need detailed observations of a fall to calculate what
happens during the bright period when the meteor burns
and breaks up in the atmosphere and then calculate what
happens in the “dark flight” period, when fragments stop
glowing and are subjected to air drag, wind, and gravity
until they hit the ground.

After examining the video recorded by the network,
Brown found that there was enough resolution to watch
the meteorite disintegrate into pieces. “The extraordinary
part about this is that camera 3 at McMaster University
was only 30 kilometers from the end point of the fireball,
so it was extremely close, and that’s what allowed us to get
what would otherwise be almost unobtainable resolution
of the end of the fireball,” he says. “Here we were close
enough that we could distinguish very small fragments.”

The cameras caught explosions at the three bright burst
points, which occurred between 30 and 40 km over the
city of Hamilton. Going frame by frame and measuring
the fragments’ positions, Brown could calculate each one’s
deceleration in the atmosphere and thereby estimate its
mass. This revealed how the debris spread out and fell to the
ground, depending on each fragment’s altitude, size, mass,
and velocity when it broke off the meteorite’s main body.

FIREBALL TRAJECTORY These maps

show the trajectory of the Grimsby fireball C°"i”gw°°d.
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“When you do that modeling for the major burst
points, they all stack on top of one another and dump a
lot of small material, things that are anything from sand
grains to multi-gram fragments,” says McCausland. Min-
utes after the fireball, the Doppler weather radar station
in Buffalo, New York, picked up this cloud of dropping
debris, initially as larger chunks but mainly later as sub-
gram pieces.

The group’s most refined calculations show that the
fireball lit up when it entered Earth’s atmosphere at a 55°
angle over the city of Guelph, traveled southeast, reached
its maximum brightness over Hamilton, and continued on
to Grimsby before fading out and landing. “We think the
object itself was 30 to 50 kilograms in total. We know that
it was coming in at 21 kilometers per second when it hit
the atmosphere; we know that the last fragment became
subluminous at about 19 kilometers altitude, right over the
extreme western end of Grimsby,” says Brown.

Reconstructing the History
The meteorite is a stony ordinary chondrite, which is the
most common class of meteorite. It’s classified as a mixed
type H4 to H6, which means that it is composed of pieces
of an H (high iron content) chondrite that have experi-
enced varied levels of heating and recrystallization in the
parent asteroid. Working backward from the fireball path,
the group found that the far part of its orbit (aphelion) is
in the main asteroid belt between Mars and Jupiter.
McCausland and Brown are analyzing the meteorite’s
isotopic composition with collaborators in Canada, the
U.S., and Germany to determine how long ago the mete-
orite broke off from its parent meteoroid and how large it
was. High-energy cosmic rays bombard asteroids in space,
creating short- and long-lived rare isotopes both on the
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FLIGHT MODEL The UWO team produced this model showing
how imaginary fragments of different masses would spread out in
flight and fall to possible ground locations after the meteor broke
up between about 39 and 22 km altitude.
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To watch videos of the Grimsby meteor,
visit SkyandTelescope.com/Grimsby.
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ASTEROID ORBIT By working backward from the Grimsby fire-
ball’s initial entry speed and trajectory, the Canadian astronomers
could calculate the parent body’s approximate orbit. The uncer-
tainty is shown in gray. They estimate that the parent body was
about 30 cm (1 foot) across when it entered Earth’s atmosphere.

meteorite’s surface and deeper inside it. Isotopes are dif-
ferent forms of the same element, with a different num-
ber of neutrons in their nucleus, and therefore a different
atomic weight. Sensitive assays and measurement of the
telltale gamma-ray emission during radioactive decay can
reveal the quantities and ratios of isotopes of aluminum,
cobalt, and other elements, which the scientists can use to
calculate the meteorite’s age, shape, and history in space.
They have also extracted samples of radiogenically pro-
duced noble gases such as neon, xenon, and helium from
the meteorite, which can provide similar information.
Coupled with information from the fireball, they can
calculate the meteoroid’s strength. “We learn things about
the objects: how weak they are, how they break up, how
big they were prior to atmospheric breakup, and test all of
our different techniques for measuring these things,” says
Brown. “One of these meteorite falls provides an excellent
way of ground-truthing all that, because we can compare
the rocks and their makeup against what we see in the
astronomical side of fireballs. It’s a great end-to-end check.”
When scientists add it all up, the Grimsby meteorite
has provided a wealth of information, beginning with
its orbit, through images of the fireball, and ending with
the meteorite itself. “That’s never really been done before
with any meteorite on the ground,” says Beech. “There
are only a handful of meteorites with accurate orbits. This
will be another important one to add to that list.” 4

Philip Downey is a freelance science writer and amateur
astronomer. The Grimsby meteorite landed 25 kilometers
from his home in St. Catharines, Ontario.
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* Astronomical Milestone

A Century

AVSO

THOMAS R. WILLIAMS
AND MICHAEL SALADYGA
This internationally renowned

Organlzatlon haS grownf rom a handf ul VARIABLE STARS provide exciting insights about many

of amateurs making observations for stages of stellar evolution. Although variables have
) interested astronomers for more than a century and a
proﬁasswnal astronomers. half, only recently has the theory of stellar evolution and

refined observational technology made clear exactly how
important variables are. The centennial of the world’s
largest association of variable-star observers is therefore a
reason for celebration.

During 2011 the American Association of Variable Star
Observers (AAVSO) is marking the centennial of its birth.
Filled with exciting discoveries and significant astronomi-
cal progress, that century witnessed the AAVSO’s growth
from a handful of amateurs making observations for
professional astronomers to a robust organization with
the world’s largest archive of variable-star observations
and historical light curves. But this achievement only

Lawyer by day and amateur astronomer by night, William Tyler
Olcott (above with a 3-inch refractor at his Norwich, Connecticut,
home) established the AAVSO in 1911 as a small group of ama-
teurs making observations for astronomers at Harvard College
Observatory (left). All photos are from the AAVSO archive.
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happened because of the tireless efforts of the people
who made it possible, the variable-star observers and the
AAVSO’s staff and elected leaders.

A Century Begins

Connecticut lawyer William Tyler Olcott (1873-1936)
announced the founding of the AAVSO and reported

the association’s first variable-star observations in the
December 1911 issue of Popular Astronomy. Olcott made it

AAVSO'’s annual spring

The AAVSO’s member-
ship reads like a virtual
who's who of early
20th-century Ameri-
can amateurs. From
left, a young Walter
Scott Houston, Joseph
Meek, and Leslie
Peltier gather for the

meeting in 1932.

One of the AAVSO’s early guiding
lights was Leon Campbell, who began
as a night assistant at Harvard College
Observatory at the turn of the century.
He joined the AAVSO in 1915.

clear that he formed the association to gather variable-star
observations for astronomers at Harvard College Observa-
tory (HCO) in Cambridge, Massachusetts. He recruited
observers intensively, attracting an early membership that
included many professional women astronomers from
New England colleges as well as other American and
international observers.

After six years of effort, Olcott achieved his goal. The
members formalized an association, elected officers, and
incorporated. Exhausted by the process, Olcott handed
over the leadership reins to others with pleasure and sat-
isfaction. He remained as actively involved as his failing
health would allow, but many others took up various tasks
that he had handled by himself in the early years.

One of those who helped pick up the slack for Olcott
was Leon Campbell (1880-1951). A native of Cambridge,
Campbell joined the HCO staff as a night assistant in
1899 after graduating from Cambridge High School. His
early success earned him a promotion to full observer,
roughly akin to a professional astronomer in those days.
From 1911 to 1915, Campbell served as supervisor of
HCO’s Boyden Station in Arequipa, Peru.

Upon his return to Cambridge in late 1915, Campbell
immediately joined the AAVSO and began participating
in its affairs. He helped Olcott organize observations for
publication and advised members on technical aspects
of observing variables. Campbell quickly became well
known and liked by the members of the AAVSO, and he
served as a council member after the group incorporated.
Since this work wasn’t part of his regular HCO duties,

Olcott, William Henry (standing), and Campbell were among those
attending the AAVSO’s 1923 spring meeting at Charles Elmer’s
observatory (of Perkin-Elmer fame) at Southold, Long Island.
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. Astronomical Milestone

Below: Edward C.
Pickering, direc-
tor of Harvard
College Observa-
tory from 1877
until his death in
1919, had a long-
standing interest
in variable stars.

Campbell carried out his AAVSO activities
at home.
In 1925 the AAVSO council recognized
Campbell’s many years of loyal and dedicated
service by formally establishing a new position, AAVSO
Recorder, and it elected Campbell to serve. Olcott
remained as the corresponding secretary.

Edward Charles Pickering, the director of HCO during
the AAVSO’s early history, died in 1919. After a three-year
search, Harvard University replaced him with a rising
young star, Harlow Shapley of Mount Wilson Observa-
tory. Shapley staffed the observatory with younger, highly

The AAVSO’s membership was not confined to North America.
Radha Gobinda Chandra of India made more than 49,000 observa-
tions from 1919 to 1954 with telescopes on loan from the AAVSO.

32 October 2011 SKY & TELESCOPE

Above left: Harlow Shapley (standing at left with Olcott) succeeded
Pickering and continued his interest in variables. Center: AAVSO
chart maker Dalmiro Brocchi is often remembered today for the
Coathanger asterism in Vulpecula that bears his name. Right:
Campbell sits in his office at Harvard College Observatory.

qualified professional astronomers and rebuilt HCO’s
aging physical assets.

As part of a Rockefeller Foundation grant to fund
Shapley’s modernization program, Harvard received
$100,000 to endow a Pickering Memorial Astronomer.
When Harvard awarded the endowed chair to Campbell
as its first incumbent, Shapley defined Campbell’s role as
full-time support to the AAVSO. In return, the AAVSO
identified the Pickering Memorial Astronomer as synony-
mous with the AAVSO Recorder. Thus the tie between the
AAVSO and HCO was formalized for the first time in 1931.

The 1930s and '40s were exciting times for astronomy
despite the economic depression and World War II.
Variable-star astronomy at HCO expanded significantly as
Cecilia Payne-Gaposchkin and others studied variability
in pulsating stars and eclipsing binaries while Campbell
and the AAVSO concentrated on the long-period vari-
ables. These decades also witnessed astronomers making
progress in understanding the mechanisms behind stel-
lar variation.

When Campbell retired in late 1949, Shapley nomi-
nated Margaret Walton Mayall (1902-95) as the next
Pickering Memorial Astronomer and AAVSO Recorder.
Mayall had worked at HCO since the mid-1920s as Annie
Jump Cannon’s assistant, classifying stellar spectra for
the Henry Draper Catalogue. With a degree in astronomy
from Radcliffe College, Mayall immediately started
broadening the AAVSO’s effort, adding entire classes
of variable stars to its observing programs. Eclipsing
binaries were the first addition at the suggestion of Joseph
Ashbrook of Yale University. Mayall’s success initiat-
ing this program depended not only on observers in the
United States, but also several in Sweden and Greece.



Margaret Mayall headed the AAVSO
after Campbell and guided the organi-
zation through difficult years after its
eviction from Harvard in 1954 and the
move to cramped quarters (above).

A Change of Plans

Unfortunately, Mayall’s freedom to reinvent the AAVSO’s
observing program ended suddenly. Harvard University
had other plans for the observatory that were at cross-
purposes with those of Mayall and the AAVSO. Progress
at the observatory during Shapley’s tenure peaked before
World War II, but during and after the war the program
deteriorated. When Shapley stepped down as HCO direc-
tor in September 1952, Harvard appointed solar astrono-
mer Donald H. Menzel as chairman of the Observatory
Council, and the interim director of HCO.

Menzel was tasked with reducing expenses and rein-
vigorating the HCO program. His lengthy list of cost
reduction and efficiency improvements included severing
HCO’s long-standing relationship with the AAVSO. In
October 1952, he advised Mayall that the association was
likely to lose its financial support and that she should begin
planning to vacate the office space at the observatory.

At first Mayall resisted the eviction, but eventually
she had to look for alternate arrangements with the help
of AAVSO Secretary Clinton B. Ford and the council. In
January 1954 the association moved to a tiny office on
Brattle Street near Harvard Square in Cambridge. Tire-
lessly working extraordinarily long hours (even without a
salary for at least the first year), Mayall saved the AAVSO
from extinction. In 1956 the council changed Mayall’s
title to AAVSO Director in recognition of her dedica-
tion. Aided by financial support and advice from Ford
and other members of the council, Mayall kept observers
motivated, and the total observations recorded each year
after the eviction continued to rise.

When survival was assured as the association found
its financial footing, Mayall moved in July 1965 to larger

S ]

By the mid-1960s the AAVSO’s future had become relatively
secure, and it relocated to more spacious offices on Concord
Avenue (top) in Cambridge. Helen Stephansky (pictured with
Mayall) served as the director’s assistant for many years.

office space on Concord Avenue only a short distance
from HCO. Once settled, Mayall began recording observa-
tions on IBM punch cards. The observing program was
also expanded, adding Cepheid variables, RV Tauri stars,
and various eruptive and cataclysmic variables.

Perhaps the most exciting new study in this era was
initiated by AAVSO members Thomas Cragg and Larry
Bornhurst at Ford Observatory in California. After astron-
omers accumulated evidence that the typical cataclysmic
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necticut, Mayall, S&T editor Joseph Ashbrook (behind her),
Charles Scovil (seated), and Dorrit Hoffleit displayed some of
the AAVSO's historic light curves.

variable was part of a binary system, Cragg and Bornhurst
followed U Geminorum intensively at minimum light,
looking for eclipses during the star’s quiescent periods.
They found changes that likely reflected events of astro-
physical significance (see “50 & 25 Years Ago,” page 10).

Other AAVSO members with large telescopes began
undertaking similar studies, cooperating with profes-
sional astronomers who eagerly sought their help. Leslie
Peltier, at Delphos, Ohio, and a few other AAVSO observ-
ers, joined this effort, which helped support profound
changes in the theoretical models for cataclysmic vari-
ables. The program expanded as fast as Clinton Ford and
Charles Scovil at the AAVSO could make new charts for
additional stars.

In 1971 Mayall announced her desire to retire, present-
ing the council with the unfamiliar problem of selecting
a new director, since Mayall had started out as Shapley’s
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The number of observations submitted to the AAVSO each year
has steadily risen. The huge upsurge that began in 2003 reflects
observers’ increasing transition to electronic detectors.
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choice as HCO’s Pickering Memorial Astronomer. Fur-
thermore, while Mayall had guided the AAVSO through
difficult years, by the time she retired the association was
a thriving independent entity.

After considering many candidates, the council hired
Janet Akyiiz Mattei (1943-2004), who held a degree in
physics from Ege University in Turkey, and another in
astronomy from the University of Virginia. She had also
gained much variable-star experience during a six-month
stint at Maria Mitchell Observatory on Nantucket Island
working with the observatory’s director, Dorrit HofHeit.

Mattei took the helm following the AAVSO’s annual
meeting in 1973 and immediately began dealing with
issues involving the observing program and data process-
ing. With the help of Owen Gingerich, Barbara Welther,
and others at the Harvard-Smithsonian Center for Astro-
physics, Mattei began converting observations on punch
cards into light curves. The council also authorized hiring
data-entry operators who were devoted full time to transfer-
ring observations dating back to 1902 to punch cards.

The publication of Scovil’s The AAVSO Variable Star
Atlas in 1980 generated considerable interest and drew
in new members. The same was true for new observing
programs that emphasized monitoring eruptive and cata-
clysmic variables. The AAVSO program that began with
the Cragg and Bornhurst observations of these stars, and

Under Mayall’s leader-
ship, the AAVSO began
the computerization of
historic data. The work-
study students pictured
here are keypunching
IBM cards in the late
1970s at the Concord
Avenue office.

le AAVSO's historical light curves for a number of them,
tracted the attention of professional astronomers. This

d to requests for more monitoring of cataclysmic stars,

i well as other variables, in support of orbiting observato-
es then being launched. The AAVSO was soon provid-

g formal alerts to professional astronomers and those in
1arge of NASA’s satellite observatories.

One early breakthrough involved the organization’s
mmitment for intensive visual monitoring of U Gemi-
>rum and SS Cygni during the late 1970s flight of the
Tay satellite HEAO-1. Astrophysicists were astonished at
ie correlations between the visual light curves of these
ars and the unexpected onset of emissions of both hard
1d soft X-rays. The results led to significant changes in

the theoretical models for this class of variable.

As the AAVSO staff expanded and the Concord Avenue

headquarters filled up with punch cards, relocation



became necessary. With generous support from Ford, the
AAVSO acquired is own building at 25 Birch Street in
Cambridge, next door to S&T’s offices. The new headquar-
ters were dedicated during the celebration of the associa-
tion’s 75th anniversary in August 1986. Distinguished
X-ray astronomer Riccardo Giacconi graced the occasion
with an address that pointed to new directions for the
AAVSO while celebrating its past accomplishments.

A New Era

The association continued to grow in membership, active
observers, and especially the number of observations sub-
mitted each year. In the three decades after being evicted
from HCO, annual observing totals doubled twice, rising
from about 55,000 to more than 200,000 observations per
year. In recent years, these annual totals have grown at an
even faster rate as more members began observing with
photoelectric photometers, and later with CCDs.

The association’s educational program was broadened
with the introduction of the Hands-On-Astrophysics cur-
riculum codirected by Mattei and Canadian astronomer
John R. Percy. It helped interest teachers from around
the nation in variable-star astronomy. The association’s
international participation also grew, especially with the
help of meetings held in Brussels, Belgium, in 1990 and
Sion, Switzerland, in 1996.

Collaboration with professional astronomers continued
to rise. NASA astronomers encouraged AAVSO observ-
ers by sponsoring several joint High Energy Astrophysics
Workshops with the association, and joint meetings with
the American Astronomical Society also emphasized
professional astronomers’ growing appreciation of the
AAVSO. The High Energy Astrophysics Workshops led

\ . .
- @ Visit SkyandTelescope.com/AAVSO to watch a video
/ interview with AAVSO Director Arne Henden.

In 1973 Janet Mattei succeeded May-
all as AAVSO Director after serving
as Mayall’s scientific assistant. At
right Mattei confers with council
members Clinton Ford (seated) and
Ted Wales, while below she poses
with mentors Mayall and Hoffleit.

With generous support from Clinton Ford (second from right in the photo above), the AAVSO purchased its own headquarters building on
Birch Street in Cambridge in late 1985 and celebrated the organization’s 75th anniversary with a meeting there the following year. Below: By
1996 the headquarter’s staff had grown to a dozen full- and part-time employees, including coauthor Michael Saladyga (second from left).
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The AAVSO’s latest move to a new Cambridge headquarters was also the shortest. In 2007 the organization acquired one of S&T’s
former offices (two-tone building at center right) on Bay State Road, less than 100 yards from the Birch Street office (left foreground).

to a very successful cooperative program to search for the  enous leukemia shortly after the AAVSO’s third Interna-

afterglows of gamma-ray bursts. tional Meeting and High Energy Workshop in 2003, and
One of the crowning achievements of the Mattei era she died the following year. Elizabeth O. Waagen, the

came in early 2004 when she announced that the entire senior member of the staff, served as the AAVSO’s interim

database of observations, from 1911 to the current period,  director while the council searched for a replacement.

was fully digitized. Light curves could now be gener- In 2005 the council chose Arne Henden, a professional

ated that revealed the scientific treasure these historical astronomer at the U. S. Naval Observatory in Flagstaff,

observing records had always represented. Arizona, as Mattei’s successor. An expert photometrist,
Tragically, Mattei was diagnosed with acute myelog- Henden brought a new level of sophistication to the

Many individuals have helped make the AAVSO what it is today. Mattei’s 20-year directorship ended with her death from leukemia in
2004. Ford (pictured with council member Howard Landis) provided enormous financial support for more than half a century.
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AAVSO'’s observing programs, encouraging rapid growth
in the number and quality of observations added annually
to the AAVSO’s database.

Members of the association volunteered to work with
the staff to upgrade the AAVSO’s computer software.
They created a sophisticated system of programs that
receive, validate, and store observations submitted via the
internet. There are also new programs for creating and
printing variable-star charts on demand, and generating
customized light curves. More than 20 million observa-
tions are presently stored in the database. It has every
known or suspected variable star, including thousands of
new variables discovered during ESA’s Hipparcos space-
craft mission and other all-sky surveys. Arguably, the
AAVSO International Database (AID) is the most compre-
hensive catalog of variable stars now in existence.

Effort is underway to add observations of important
19th- and early 20th-century observers to the AID. For
example, South African Alexander William Roberts
recorded most of his variable-star observations before the
founding of the AAVSO. Volunteers in South Africa have
recently reduced more than 70,000 of Roberts’s observa-
tions, and they are now included in the AID.

Henden'’s energetic style created the opportunity for a
move to much more spacious quarters literally next door
to the Birch Street office. Under his leadership, the asso-
ciation purchased one of the office buildings on Bay State
Road that had served as S&I’s some for half a century.
Henden, his wife Linda, and the AAVSO staff worked tire-
lessly to refurbish the new headquarters. Thus, as it did
with the 75th anniversary, the AAVSO will celebrate its
centennial anniversary in a new location.

Astronomer Arne Henden has been AAVSO Director since 2005.
His strong background in photometry and instrumentation is
helping guide the organization as observations are increasingly
made with CCDs and other electronic detectors.

As a new century of variable-star observing begins,
William Tyler Olcott’s dream of a small band of observers
in service to Harvard College Observatory has succeeded
beyond his wildest dreams. AAVSO now encompasses
a large international group of sophisticated observers in
service to astrophysics. And as Henden explains on page
86, the next century will certainly be an exciting one. 4

Thomas R. Williams has served as AAVSO President and is
currently its historian. Michael Saladyga is the organization’s
Technical Assistant and Archivist. Cambridge University
Press has just published their centennial history of the
AAVSO titled, Advancing Variable Star Astronomy.

The AAVSO is dedicating its new headquarters as the Clinton B. Ford Astronomical
Data and Research Center during it’s centennial celebration this October.
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Gems of the Night Sky

James Mullaney

This is the third installment of my four-part roundup of
attractive double and multiple stars (the previous ones
were in the February and July issues, and the next will be
in spring 2012). My selection barely hints at the multitude
of these jewels that lie within reach of even the smallest
telescopes at this time of year.

Gamma (y) Delphini is a beautifully tinted combina-
tion of a deep yellow primary and pale green companion
that’s neatly split in a 3-inch refractor at 45x. My favorite
description of this pair’s hues comes from the well-known
double-star enthusiast Sissy Haas, who sees them as
“muted lemon and lime green.” Adding to the delight
of viewing Gamma is Struve 2725 (£2725) lying in
the same eyepiece field 15" to the southwest. I've dubbed
Struve 2725 the Ghost Double, since it seems like a faint
specter of Gamma itself. Can you scare it up?

The two pairs are at slightly different distances — 125
light-years for Struve 2725 compared to 100 light-years for
Gamma — and they’re moving though space in nearly
opposite directions. So they must be physically unrelated
despite their proximity in the sky.

61 Cygni is a lovely sight in all telescopes. It consists
of roughly matched, vivid orange suns floating serenely
in front of the rich Cygnus Milky Way. It’s the 5th-closest
naked-eye star, just 11.4 light-years from us, and it has
an extremely high proper motion across the sky of 57 per
year. So the pair moves the apparent distance between the
stars in just six years! 61 Cygni is a true binary; its compo-
nents orbit each other every 650 years.

B
z-lh 30m
P, *

+45°

[

Zoh 40M - . '20}1 30m 2 'EW 00™m
O’Y o

e.
2725’

iz

38 October 2011 SKY & TELESCOPE

A {
2Oh 30m .02 2Oh oom

CYGNUS

Here’s a sample of the season’s best stellar pairings.

Double Stars of Autumn

Name Mag. Sep. PA RA Dec.

Y Del 44,50 9.0” 266° 20"46.7™ +16° 07"
22725 75,8.2 6.1” 10° 20" 46.2m  +15° 54
61 Cyg 5.2,6.0 317 152° 21" 06.9™  +38° 45’
CAqr 43,45 2.2” 168°  22"28.83" -0°01
3053 6.0,7.2 15” 71° 0" 02.6™ +66° 06"
n Cas 3.5,74 13” 322° 0"49.1™  +57° 49’
Y Ari 4.5,4.6 7.3” 1° 01" 53.5™  +19° 18’
YAnd AB 23,50 9.5” 63° 02" 03.9m +42° 20"

BC 50,63 0.2” 97°

Zeta ({) Aquarii is a close double sitting in the midst
of Aquarius’ well-known Water Jar asterism, making it
a snap to find. A binary with an orbital period around
500 years, it’s currently quite snug at 2.2” separation.
Both components of this neatly matched pair appear off-
white to most observers, with a slight greenish hue often
reported. Unlike our previous offerings, this double needs
aperture, magnification, and a steady night to appreci-
ate. I can split it with a 3-inch scope at 90x, but at least a
6-inch at 150x is required to see Zeta in its full glory.

Struve 3053 (23053) in Cassiopeia is rarely observed
except by true double-star aficionados. What a pity, for

P 23}1 00™ zzh 30™M 22h 00™
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PEGASUS
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here we find a beautiful miniature of famed Albireo itself!
Its components are fainter and closer to each other than
Albireo’s, but its color contrast is immediately obvious in
a small scope. Indeed, many observers who are unaware
of its existence are stunned when they encounter it while
sweeping the sky between Cassiopeia and neighboring
Cepheus in search of other deep-sky targets.

Eta (n) Cassiopeiae is a double that definitely is well
known thanks to its striking tints. And here we find not
only a lovely contrast in color but one in brightness, with
the stars four magnitudes apart. I see the primary as rich
yellow and the companion as ruddy purple — a combi-
nation that has prompted me to call this pair the Easter
Egg Double. Various observers report other tints for the
fainter star, including lilac, lavender, garnet, orange, and
red. Its unique hues show up nicely in a 4-inch reflector
at 60x, but as aperture increases the effect becomes ever
more wondrous. I consider Eta to be one of the most strik-
ing double stars in the entire sky when viewed through a
13-inch refractor at 150x. This 480-year-period binary lies
close by, at a distance of just 19 light-years.

Gamma Arietis (also called Mesartim) is a stunning,
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perfectly matched double with both components shining
a silvery blue. (This pair and the next can be found above
the eastern horizon using the all-sky chart on page 44.)
Gamma Arietis is lovely in all apertures, with a 2-inch
scope neatly showing the stars in contact at 25x. Sissy
Haas calls this object “hauntingly beautiful” and sees
these suns as “snowy white equals that look like eyes.”
Leland Copeland, writer of the Deep-Sky Wonders col-
umn during the early years of Sky & Telescope, said that
it “suggests two little girls in blue.” This was one of the
very first doubles to be discovered — by Robert Hooke in
1664. The two suns are gliding through space together as
a common-proper-motion (CPM) pair.

Gamma Andromedae (or Almach) ranks as one of

the brightest and finest double stars in the entire heavens.

Actually, it’s a triple; the fainter star is itself a challeng-
ing visual binary, with a 64-year orbital period. However,
the B and C components are currently just 0.2” apart, too
close to split with any normal telescope.

The magnificent topaz and greenish blue hues of the
two main stars are intense and unmistakable, even in a

2.4-inch refractor at 60x. And here’s one pair that remains

striking in large backyard and observatory telescopes,
which unduly separate the components of many doubles,
muting their color contrast. I find the tints perhaps most
striking in 5- to 8-inch apertures (not too little nor too
much light) at around 100x. Among other hues reported
here are orange and emerald, deep yellow and sea green,
and burnished gold and cerulean blue. If you're not
already a double-star observing addict like myself, this
beauty will make you one — guaranteed!

James Mullaney, coauthor with Wil Tirion of The
Cambridge Double Star Atlas, has been seeing double for
more than 50 years

All sketches
here were
prepared

by Arizona
stargazer and
graphic artist
Jeremy Perez.
They represent
his views
through a
6-inch Newto-
nian reflector
at 240x.
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New Product Showcase

v HANDS-FREE ROTATOR Van Slyke
Instruments introduces the Motorized Zero-
tator ($1,475), a heavy-duty instrument rotator
for your CCD cameras and other accessories.
Manufactured from aircraft-grade aluminum
and stainless steel, the Motorized Zerotator
uses 80 caged needle bearings to guarantee
smooth rotation of your imaging train with
no flexure. The unit features a 2.9-inch clear
aperture to accommodate large CCD sen-
sors, and requires only 1.3 inches of addi-
tional focus travel. A pre-installed Technical
Innovations RoboFocus motor controls the
rotation. The Motorized Zerotator weighs

2 pounds and supports loads of up to 50
pounds. Optional adapters are available on
the manufacturer’s website.

S&T: SEAN WALKER

iOptron
6F Gill St., Woburn, MA 01801
781-569-0200; www.ioptron.com

A POWERFUL
COUNTERWEIGHT
iOptron developed the
PowerWeight ($119) as a novel
solution to the problem of bulky
power packs for equatorial mounts.
The PowerWeight is designed to fit
on the counterweight shaft of the
iEQ45 and replaces the mount’s
7-pound (3.2-kg) weight, or works
as an additional counterweight
when using heavier telescopes.

The unit contains six heavy-duty
lead-acid rechargeable battery cells
and is rated for 12-volts and 8 amp-
hours — enough to run your mount
for an entire evening. Includes

: e
power cable and AC charger. G - Van Slyke Instruments
o 719-495-3828; www.observatory.org

FHE KAGUYA <«MOON ATLAS Motomaro Shirao and Charles A. Wood (author of S&T's Explore the Moon column)

LUNAR AT i take readers on a unique tour of the Moon in The Kaguya Lunar Atlas ($39.95). The book begins with a

brief overview of the Japanese Kaguya/Selene mission to help determine the origin and evolution of the
Moon, with a heavy emphasis on the spacecraft’s first-of-a-kind HDTV system developed by the Japan
Broadcasting Corporation. The authors provide details of the workings of the HDTV system and methods
used to combine the camera’s images (including a technique developed

S&T: SEAN WALKER

by Shirao), and early mission results close out the first third of the book. Available from Springer
The remaining pages feature 100 beautifully reproduced black-and-white plates assembled from the wide- 233 Spring St., New York, NY 10013
angle HDTV images, providing readers a view of select lunar vistas from an oblique angle. Each plate 212-460-1500; www.springer.com
includes a position chart as well as commentary on particular details appearing within the image. 173 pages, ISBN 978-1-4419-7284-2

New Product Showcase is a reader service featuring innovative equipment and software of interest to amateur astronomers. The descriptions are based largely on information supplied
by the manufacturers or distributors. Sky & Telescope assumes no responsibility for the accuracy of vendors’ statements. For further information contact the manufacturer or distributor.
Announcements should be sent to nps@SkyandTelescope.com. Not all announcements can be listed.
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applied to a consumer
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The David H. Levy
Comet Hunter™
Special Edition Telescope
The Comet Hunter comes
standard with a two-inch,
30mm focal length eyepiece
with a wide 70°

apparent field. This eyepiece
combined with the short
focal length of the telescope
produce an amazing 2.86

° true field of view with a
6.2mm exit pupil.

AstroTrac ,

TT320X-AG Tracking
Mount
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Digial SLR
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Fred Schaaf

Northern Hemisphere's Sky

Around the Northern Cross

Deep-sky wonders are scattered all over Cygnus the Swan.

THE ROMANS USEDto say that all roads lead to

ADAM BLOCK / NOAO / AURA / NSF

Rome. We can’t make that claim about any one point in
the October evening sky, for it holds several marvelous
regions that compete for our attention.

What we can say is that an amazing number of roads
in Cygnus lead away from the constellation’s central aster-
ism, the Northern Cross. These roads aren’t always easy
to follow, but they’re well worth pursuing because they
lead to a remarkable variety of deep-sky objects.

The North America Nebula is on the left in this photo and the
Pelican Nebula lies in the right-center. The area around the “Gulf
of Mexico” is the most prominent part of the North America
Nebula when seen through a telescope’s eyepiece.

Wonders east of Deneb. Last month we looked at
marvels which were essentially right on the Northern
Cross itself. But most of Cygnus’s celestial wonders lie off
the Cross — some near, others far.

Let’s start at Deneb, the top of the Northern Cross. Just
a few degrees east of this 1st-magnitude star is the North
America Nebula (NGC 7000), a patch of cloudy light about
120" x 100". It’s visible to the unaided eye in dark skies, but
you will probably need optical aid to detect the resemblance
to its namesake continent. A wide-field telescope at low
magnification works best. A nebula filter is a huge help in
seeing this and the other nebulae discussed in this article.
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Much farther from Deneb — about 9° east-northeast
— is the large, bright, open star cluster M39, which is
plotted near the zenith on the all-sky chart on pages
44-45. At magnitude 4.6, M39 is so bright that Aristo-
tle recorded it in ancient times. To the unaided eye in a
moderately dark sky, M39 looks like a hazy spot of light
just east of an impressively deep cut of darkness in the
Milky Way band. The %2°-wide cluster is easy to resolve
in binoculars. It contains about a dozen stars of similar
brightness plus a dozen fainter stars.

The Veil and the Blinking Planetary. Two very dif-
ferent remnants of star death shine north and south of
the ends of the Northern Cross’s transverse bar. Alter-
natively, you can picture these nebulae as being near the
wingtips of Cygnus the Swan.

The first, which is usually called the Veil Nebula, is a
collection of wisps covering about 3° of sky mostly south
of Epsilon (€) Cygni, the east end of the Northern Cross’s
transverse bar. The entire complex is often called the Cyg-
nus Loop. It’s a supernova remnant — the leftovers from
a star that exploded thousands of years ago.

The easiest wisp to find in telescopes is the one that
cuts right through the 4.2-magnitude star 52 Cygni (due
south of Epsilon). But there’s a brighter wisp centered
21/° east-northeast of 52 Cygni. Both wisps can be spotted
in small, wide-field telescopes — and even glimpsed in
7x50 binoculars in really dark skies. But larger apertures
bring out ever more wisps, many with intricate, fantastic
detail, as described on page 60 of last month’s issue.

Parts of the Cygnus Loop have been called the Network
Nebula, Filamentary Nebula, Lacework Nebula, Cirrus
Nebula, and Bridal Veil Nebula. These beautiful glowing
shreds lie an estimated 1,500 light-years from Earth.

A planetary nebula is the less violent outpuffing from a
dying star of more modest mass. The marvelous Blink-
ing Planetary, NGC 6826, shines about 12° north of Delta
() Cygni, the west end of the Northern Cross’s trans-
verse bar. In medium-size telescopes, look straight at the
10.4-magnitude central star, and you don’t see the nebula.
Then use averted vision, and the nebula pops into view,
overwhelming the central star with its light. 4

Fred Schaaf welcomes your comments at fschaaf@aol.com.
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PLANET VISIBILITY

Visible in binoculars toward month’s end

IMAGE BY OSHIN ZAKARIA|

]UPI'I'E R SHINES above moonlit trees on a partly cloudy October night.
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Sept. 25
—Oct. 10

n

12-14

14,15

19

21-22

25

26

27

Oct. 28
— Nov. 16

28

28-29

PREDAWN: The zodiacal light, or “false
dawn,” is visible in the east about 120
to 80 minutes before sunrise from dark
locations at mid-northern latitudes.

PREDAWN: Binoculars and telescopes
show Mars passing through the Beehive
Cluster, Messier 44.

DUSK: Look for Antares a few degrees
below the waxing crescent Moon, low in
the southwest as twilight fades.

FIRST-QUARTER MOON (11:15 p.m. EDT).

EVENING: The Draconid meteor shower
may put on an intense burst of activity in
Europe or perhaps elsewhere; however,
the nearly full Moon will hide all but the
brightest meteors. See page 53.

FULL MOON (10:06 p.m. EDT).

TWO NIGHTS: Jupiter is near the just-past-
full Moon from dusk on October 12th to
dawn on the 14th.

EVENING: Binoculars show the Pleiades
left of the Moon on the 14th and above it on
the 15th.

LAST-QUARTER MOON (11:30 p.m. EDT).

LATE NIGHT: The modest Orionid meteor
shower peaks late tonight. Best in the early
hours of the 22nd.

DAWN: A very thin crescent Moon should
be visible low in the east-southeast a half
hour before sunrise. Binoculars may show
Saturn about 10° to the Moon’s lower left.

NEW MOON (3:56 p.m. EDT).

DUSK: Telescopes and binoculars should
show Mercury 2° below Venus very low in
the southwest 15 minutes after sunset in
North America. If conditions are perfect,
they might also show the superthin Moon
about 1.5° to 2.5° below or lower right of
Mercury (in North America).

DUSK: Binoculars continue to show
Mercury 2° below Venus very low in the
southwest a half hour after sunset.

DUSK: The thin crescent Moon is about 10°
upper left of Venus and Mercury.

ALL NIGHT: Jupiter is at opposition and
almost at its brightest; see page 54.

See SkyandTelescope.com/ataglance for
details on each week’s celestial events.
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Galaxy
Double star
Variable star
Open cluster
Diffuse nebula
Globular cluster

Planetary nebula

Facing West

Using the Map

WHEN

Late August Midnight*
Early September 1 p.m.*
Late September 10 p.m.*
Early October 9p.m.*
Late October 8 p.m.*

*Daylight-saving time

HOW

Go outside within an hour or so
of a time listed above. Hold the
map out in front of you and turn

it around so the yellow label for
the direction you're facing (such
as west or northeast) is at the
bottom, right-side up. The curved
edge is the horizon, and the stars
above it on the map now match
the stars in front of you in the sky.
The map’s center is the zenith, the
point overhead. Ignore all parts of
the map over horizons you’re not
facing.

Example: Rotate the map so that
“Facing West” is at the bottom.
Three-quarters of the way from
there to the map’s center is the
brilliant star Vega. Go out, face
west, and look three-quarters of
the way up the sky. There’s Vegal

Note: The map is plotted for

40° north (the latitude of Denver,
New York, and Madrid). If you’re
far south of there, stars in the
southern part of the sky will be
higher and stars in the north lower.
Far north of 40° the reverse is
true. Jupiter is positioned for mid-
October.

Watch a SPECIAL VIDEO

on how to

use this sky map,
hosted by S&T

¥ senior editor Alan
- MacRobert, visit
SkyandTelescope

SN Towatcha @
~ % video tutorial

. .com/maptutorial.

Binocular Highlight:
Little Globular M75

LyiNng soME 68,000 LIGHT-YEARS AWAY in Sagittarius,
M75 is the second most distant globular cluster in the
Messier catalog. It’s also the second dimmest on the list,
though at magnitude 8.2, it’s still bright enough to be vis-
ible in binoculars under reasonably dark skies.

The real difficulty with M75 is that it spans only 6.8’, mak-
ing it the smallest Messier globular. That means it’s easy to
mistake for a field star at typical binocular magnifications.
To claim M75, you'll have to use your star-hopping skills and
pinpoint its exact position. Begin your hunt in Capricornus,
at a nifty isosceles triangle anchored by Sth-magnitude Pi
() Capricornus. From there proceed a little more than one
binocular field southwest to an asterism of 6th- and 7th-mag-
nitude stars that outlines the shape of a small shopping cart.
The cluster is situated just below the cart’s handle.

Although I can see M75 in my 10x30 image-stabilized
binoculars, the magnification boost provided by 15x45s really
helps with identification. The globular is a tiny, round ball
and barely larger than the surrounding stars. In 10x50s, M75
exhibits a curious “blinking” effect — when I look directly at
the cluster it appears stellar, but when I look slightly to one
side, it seems to grow a small, hazy halo. Do you see this?

If you're up for another challenge and have 15x binocu-
lars, jump back to the Pi triangle and take a careful look at
Omicron (0) Capricorni. Omicron is a very tight double
star consisting of 5.9- and 6.7-magnitude components
separated by a scant 22”. I can split the pair cleanly with my
15%45s, but it isn’t easy. 4

— Gary Seronik

- SAGITTARIUS

_'Shopping
Cart
M75é\\J.r

—~

7/,
)
CUlar yiew

"CAPRICORNUS

SkyandTelescope.com October 2011 45



Planetary Almanac

Sun and Planets, October 2011

October Right Ascension  Declination  Elongation  Magnitude  Diameter  Illumination  Distance

Sun 1 12" 26.9m —2° 54 — -26.8 31 577 — 1.001
31 14" 18.8™ —13° 52/ — -26.8 327137 — 0.993

Mercury 1 12" 35.0m —-2°30 2° Ev -1.6 4.8” 100% 1.406
n 13" 36.2m —9° 54 9° Ev —0.8 4.8” 97% 1.410

21 14" 35.1m -16° 17 14° Ev -0.4 4.9” 92% 1.358

31 15 33.1m -21°16"  19° Ev -0.3 5.3” 85% 1.257

Venus 1 13"13.8™ -6°47"  12° Ev -3.9 10.0” 98% 1.669
1l 14" 00.2™ —-11°36"  15° Ev -3.9 10.2” 97% 1.642

Jupiter 21 14h 48.2m —15° 58’ 17° Ev -3.8 10.3” 96% 1.612
31 15" 38.2m —19°40"  20° Ev -3.8 10.6” 94% 1.578

Mars 1 8" 38.9m +19°36"  60°Mo  +1.3 5.2” 92% 1.814
16 9h 14.5m +17°24  66°Mo  +1.2 5.5” 91% 1.707

31 9h 47.5m +15°01"  73° Mo +1.1 5.9” 90% 1.591

Jupiter 1 2h 26.7™ +12° 58" 149°Mo  -2.8 48.4” 100% 4.077
31 2h12.3m +11° 45" 177° Ev -2.9 49.6” 100% 3.971

Saturn 1 13" 11.5™ -5°09 11° Ev +0.8 15.6” 100% 10.646
31 13h 25.1m -6°30" 15°Mo  +0.7 15.6” 100% 10.630

Saturn Uranus 16 0" 07.2m -0°04" 159° Ev +5.7 3.7” 100% 19.143
Neptune 16 22" 02.0m —12°39" 126° Ev +7.9 2.3 100% 29.408
Pluto 16 18" 20.9m —-19°13"  73°Ev +14.1 0.1” 100% 32.391

The table above gives each object’s right ascension and declination (equinox 2000.0) at 0" Universal Time on selected
dates, and its elongation from the Sun in the morning (Mo) or evening (Ev) sky. Next are the visual magnitude and
equatorial diameter. (Saturn’s ring extent is 2.27 times its equatorial diameter.) Last are the percentage of a planet’s disk
e ————— illuminated by the Sun and the distance from Earth in astronomical units. (Based on the mean Earth-Sun distance, 1a.u.
Neptune is 149,597,871 kilometers, or 92,955,807 international miles.) For other dates, see SkyandTelescope.com/almanac.

Pluto i Planet disks at left have south up, to match the view in many telescopes. Blue ticks indicate the pole currently tilted
= toward Earth.

Uranus

Saturn

Neptune

- 200 °

- _30° / . i oK 3 : . o 5 : . ) C

LOCAL TIME OF TRANSIT,
2ame - Midnight 10 pm

The Sun and planets are positioned for mid-October; the colored arrows show the motion of each during the month. The Moon is plotted for evening dates in the Americas when it’s waxing

(right side illuminated) or full, and for morning dates when it's waning (left side). All Moon dates are in October. “Local time of transit” tells when (in Local Mean Time) objects cross the meridian
— that is, when they appear due south and at their highest — at mid-month. Transits occur an hour later on the Ist, and an hour earlier at month’s end.

46 October 2011 SKY & TELESCOPE



Jupiter’s Moons

E S

T~

lo

Europa \
)
\
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The wavy lines represent Jupiter’s four big satellites. The central
vertical band is Jupiter itself. Each gray or black horizontal band is
one day, from 0" (upper edge of band) to 24" UT (GMT). UT dates
are at left. Slide a paper’s edge down to your date and time, and
read across to see the satellites’ positions east or west of Jupiter.

“M13 Shockingly Large!” QidEmit

- Joel K., 18" UC, Riverside, CA

“...and the Veil Nebula like delicate
sinews of muscle across the black sky.”|

18" /4.2

* Portable Alt-Az * Superb optics
* Ultra-smooth easy operation
* Exceptional craftsmanship

* A scope for every serious observer:
12"-15".18". 20" . 25" apertures

OBSESSION

Send For the Obsession DVD & Brochure

PO Box 804s, Lake Mills, WI 53551 (920) 648-2328
TELESCOPES™ www.obsessiontelescopes.com

See it on-line
Fits in any car

The more you look

into telescopes,
the better
astronomics
looks.

astronom

For over 32 years, astronomics has been
gently demystifying the art of buying a tele-
scope. We make it easy and affordable for
you to own the right telescope at the right
price . . . a scope from Astro-Tech, Celestron,
Coronado, Explore Scientific, Lunt, Meade,

and the universe
less expensive.

When you join Cloudy Nights for free at
www.cloudynights.com/register, you get
extra telescope and accessory discounts of
up to 5% at astronomics, which make your
observing and imaging even more affordable.

Cloudy Nights is the world’s largest, friend-

a ics makes
picking a telescope easier

Questar, Skywatcher, Takahashi, TeleVue,
TMB . . . and more.

We might not exactly make picking a scope
as easy as child’s play, but we’ll come close.
Visit our astronomics.com website or call
us toll-free and see for yourself.

liest, and most informative free astronomy
gathering place. It has over 50,000 members,
and dozens of forums where you can chat or
get answers to your telescope questions.

And remember, CN members get extra dis-
counts at astronomics.com.

astronomics.com

680 24th Avenue SW, Norman, OK 73069

(800) 422-7876

PHONE/LIVE CHAT: 9 - 8 CST Mon - Fri, Sat 12 - 5. STORE HOURS: 9 - 5 Mon - Fri; Sat 12 - 5.
Our 33rd year. E-mail: questions@astronomics.com PayPal, Mastercard, Visa, Amex, Discover.




Fred Schaaf

Sun, Moon, and Planets

The king of planets shines at its brightest and biggest.

THE MOST DRAMATIC solar-
system sight of October for observers in
the right part of the world could be a strong
display of the Draconid meteor shower
(page 53). But all of us everywhere can
count on Jupiter blazing almost all night
long as it nears and reaches opposition.

Evening twilight features Venus sinking
in the west as Jupiter rises in the east. Mer-
cury sneaks up under Venus late in Octo-
ber. Mars, finally brightening a bit, clears
the eastern horizon around 1 or 2 a.m.
(daylight-saving time). And Saturn pops up
in the east at dawn near month’s end.

DUSK

Venus is visible very low in the west
shortly after sunset, shining at magnitude
-3.9. It starts October setting just a half
hour after the Sun for viewers at mid-
northern latitudes, but it remains up about
an hour after sunset by month’s end.
Venus is slowly climbing toward a grand,
high apparition as the blazing “Evening

Oct 1215,

9pm ARIES

Moon

Star” this winter and spring.

Mercury appears 2° below Venus in the
last week of October. It shines at magni-
tude —0.3, but it’s so low in bright twilight
that you'll need binoculars to spot it.

EVENING

Jupiter rises more than an hour after
sunset on October 1st, but it comes up ear-
lier each evening as the month advances.
Jupiter reaches opposition to the Sun on
the night of October 28-29, when it rises
at sunset and sets at sunrise.

Last year Jupiter came closer to Earth
than it had since 1963. At this year’s clos-
est approach, on October 27th, it’s only
0.4% farther, at 369 million miles (594
million km). Jupiter blazes at magnitude
-2.9 from early October to mid-November,
and its mammoth globe grows to a maxi-
mum of 49.6” wide in late October.

Mighty Jupiter now creeps with retro-
grade motion (west relative to the stars) in
southwest Aries near that constellation’s

Moon

. Oct 12

30 minutes after sunset

Oct 13 upiter
® + P

Moon

. Oct 14

Pleiades ..

Moon

. Oct 15

Looking East
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Moon
) Oct 29

Antares

Looking Southwest

Dusk, Oct 28 to 29

Moon
Oct 28
)

To see what the sky looks like at any given time
and date, go to SkyandTelescope.com/skychart.

meeting place with Cetus and Pisces,
close to Cetus’s head. By the middle of the
night the behemoth world shines more
than 60° high in the south for viewers at
latitude 40° north, and on nights of good
seeing, a 6-inch or larger telescope should
show a feast of intricate detail in its color-
ful clouds.

Jupiter’s Galilean moons are also at
their biggest, making this a good time to
try to view their tiny disks and study their
different appearances. When one of the
moons crosses Jupiter’s face (see page 54),
it’s normally hard to see because it blends
into the brightness. But near opposition,
the moons are relatively easy to locate
because they appear close to their much
more prominent tiny black shadows.

Uranus, in Pisces, and Neptune, in
Aquarius, are best viewed in late and mid-

These scenes are
drawn for near the
middle of North
America (latitude
40° north, longitude
90° west); European
observers should
move each Moon
symbol a quarter of
the way toward the
one for the previous
date. The blue 10°
scale bar is about
the width of your fist
at arm’s length. For
clarity, the Moon

is shown three
times its actual
apparent size.



ORBITS OF THE PLANETS

The curved arrows show each planet’s
movement during October. The outer planets
don’t change position enough in a month to
notice at this scale.

evening, respectively. Use the charts at
SkyandTelescope.com/uranusneptune or
page 53 of last month’s issue.

Pluto, in Sagittarius, is low and getting
lower when the sky becomes fully dark,
but it can still be located with the chart on
page 64 of the July issue.

PREDAWN

Mars rises around 1 or 2 a.m. (daylight-
saving time) and is high in the southeast
by dawn. On the very first morning of
October, Mars is in the middle of M44, the
Beehive Cluster in Cancer — a fine view
in binoculars and telescopes, and a great
photo opportunity.

Mars spends the rest of the month
moving toward Regulus, crossing the
border into Leo on the 19th. The Red
Planet brightens from magnitude +1.3 to
+1.11in October and thus slightly outshines
Regulus by the time it pulls within 6° of

Beehive .

‘o

Regulus

Looking East

Saturn qpiter

the star at month’s end.

In a telescope, though, Mars is
disappointing. It enlarges from a mere
5.2” 10 5.9” in October, not yet big enough
to reveal surface features through most
amateur telescopes.

DAWN

Saturn passes through conjunction with
the Sun on October 13th. But the planet
climbs rapidly into dawn visibility in the
latter half of the month, rising about 1v2
hours before the Sun at month’s end. On
October 31st, about 30 minutes before
sunrise, Saturn stands almost 10° high in
the east-southeast with Spica less than 5°
to its lower right.

Dawn, Oct 20—-22

1 hour before sunrise

Regulus

Moon

\_ Oct22

Looking Southeast, halfway up

—
March Mercury
equinox
\.
Venus ¥ >

i
June solstice

«— 00—
Mars M
solstice

‘\.\Earth

_Sept.

Sun :
equinox

® Uranus

Saturn brightens to magnitude +0.7 in
October, slightly brighter than Spica. The
angle of Saturn’s ring-tilt opens from 11°
to 1212° this month, but Saturn’s rings
and globe won't appear sharp through a
telescope so low in the sky.

MOON PASSAGES
The Moon is a waxing crescent on Octo-
ber 1st, when it sits a few degrees above
Antares low in the southwest around the
middle of evening twilight. The wax-
ing gibbous Moon brightens the sky on
October 8th for most of the night for
would-be viewers of any Draconid meteor
outburst. A just-past-full Moon makes an
impressive pair with Jupiter on the night
of October 12-13. A
thick waning lunar
crescent lies not far
to the right of Mars
at dawn on Octo-
ber 21st. The next
morning, the Moon
is closer to the lower
right of Regulus.
On October 28th
at dusk, a slender
lunar crescent lies
far left of and a little
higher then Venus,
and right of Antares,
as shown on the fac-
ing page. 4

Moon

\ Oct 20
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Charles A. Wood

Exploring the Moon

BABAK TAFRESHI

50

No other object in the night sky offers so much to observe.

THE MOON IS THE BRIGHTEST and most

PETE LAWRENCE

October 2011

fascinating object in the night sky. This may seem an
outrageous statement, but it is undeniably the brightest
one. Is it also the most fascinating? By “fascinating,” I
mean an object that presents considerable visible detail
(encouraging prolonged observing) and changes enough
to add uncertainty to any observation.

Consider the Moon’s competition. Within the solar
system, Mars, Jupiter, and Saturn are favorite targets for
planetary observers. But the apparent sizes of these plan-
ets are tiny compared to the Moon; Jupiter and Saturn
(including its resplendent ring system), are each about the

Glorious Saturn with its showcase ring system is dwarfed by
our neighboring satellite in this remarkable composite image
taken during the March 2, 2007 lunar occultation.

SKY & TELESCOPE

Above: The June 15th total lunar eclipse gave observers a

very rare opportunity to directly compare the Moon’s large
apparent diameter to nebulae M8 and M20 in Sagittarius. Few
objects in the night sky are larger than the Moon, yet none
offer as much detail through even small telescopes.

same angular diameter as the 93-kilometer-wide (58-mile)
crater Copernicus. Though you can argue that Jupiter has
as many splendid subtle details to observe as Copernicus,
this magnificent crater is but one of thousands of features

visible on the Moon.

Mars at its best is smaller in apparent size than the gas
giants, roughly comparable to the 48-km crater Playfair.
You probably haven't heard of Playfair because it’s a rela-
tively small lunar crater; so what does that say about Mars?
Spacecraft images reveal the beauty and complexity of the
Martian surface, but even in the best amateur telescopes
Mars appears as a small disk with vague albedo features.

The clouds of both Mars and Jupiter undergo fascinat-
ing changes, and recently Saturn has birthed a remarkable
atmospheric storm. But all of these details are relatively
small and often difficult to see. While the Moon has very
few, if any, physical changes that are observable, every
time you point your telescope at the Moon it looks differ-
ent. Lunar features change appearance as the Sun slowly
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rises and sets over them, and the Moon’s
librations shift them around. For example,
gentle-sloped volcanic domes pop into view
with grazing illumination, and dark halo
craters become visible under a high Sun.

Comparisons between the Moon and
deep-sky objects provide more evidence of
our satellite’s richness as an observational
target. Backyard telescopes reveal thou-
sands of stars that differ only in brightness
and color. But look at the intricate detail
of the Humorum impact basin, with its
ridges, faults, rilles, and craters, and real-
ize that its 425-km diameter is only slightly
wider than the 208 arcseconds separat-
ing the main components of the famous
Double Double in Lyra.

Another favorite in Lyra is M57, the
Ring Nebula. This bright planetary nebula
presents wonderful colors in astropho-
tos, but at the eyepiece it’s a tiny gray
donut. The Ring’s angular diameter of 1.2
arcminutes makes it similar in size to the
lava-flooded crater that hosts Rupes Recta,
the Straight Wall.

The Moon « October 2011

Phases

First quarter October 4, 3:15 UT

Full Moon October 12, 2:06 UT
Last quarter October 20, 3:30 UT
New Moon October 26, 19:56 UT
Distances

Apogee October 12, 12" UT
252,863 miles diam. 297 22”
Perigee October 26, 12" UT
221,298 miles diam. 33" 33”
Librations

Mare Marginis October 1

Lyot (crater) October 7

Einstein (crater)  October 19
Lavoisier (crater) ~ October 22

While it takes CCDs many
minutes to accumulate enough
light to reveal color and subtle
structure within the Ring
Nebula, the lunar region shown
to the same scale at right offers
hundreds of interesting details
that you can see immediately.

The night sky contains dozens of indi-
vidual objects that are roughly the Moon’s
angular size or larger. Observers may
rightly point out that the nearby galaxy
M31is eight times larger than the Moon,
but they also admit that far fewer details
can be seen visually in M31 than on the
Moon. The biggest observable object at
night — the Milky Way — circles the
entire sky and contains many thousands
of telescopic targets, but disappears nearly
every time the Moon is up.

While I enjoy being a tourist of the cos-
mos when the Moon is down, there’s more
to see in its little half-degree of sky than in
all the rest combined! Only on the Moon
can we all intimately explore the nooks
and crannies of another world. So rather
than packing away your scope to await the
next new Moon, use it to explore our near-
est neighbor. There’s a good chance you'll
see something new every time. 4

For a daily lunar fix, visit contributing editor
Charles Wood’s website: lpod.wikispaces.com.

For key dates, yellow dots indicate what part of the Moon’s limb is tipped the
most toward Earth by libration under favorable illumination.
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Draconid Meteor Outburst?

On the evening of October 8th, some places may get quite a show.

CIRCLE SATURDAY EVENING, October 8th,

on your calendar, particularly if you're in Europe or the
Middle East. That evening, astronomers predict that Earth
will pass through a rich part of the irregular and surprise-
filled Draconid meteor stream. If you're in North America,
the predicted peak will occur in the afternoon, so you'll
be looking for the tail-off of the expected outburst — or
perhaps you'll benefit from an error of just a few hours in
when we’re supposed to meet the bulk of the Draconids.
Around October 8th every year, Earth passes through a
tenuous band of crumbly bits spread along the orbit of the
periodic comet 21P/Giacobini-Zinner. Usually the Draco-
nid shower (formerly called the Giacobinids) puts on only
a weak show of about 10 or 20 meteors visible per hour
at most, even as seen by an observer under a black sky
with the shower’s radiant point in Draco directly overhead

The Draconid meteor storm of October 9, 1933, was witnessed
all across Europe. Formerly called the Giacobinids, the
shower appears to radiate from a point near in the head of
Draco. Painting by Lucien Rudaux from the Larousse Ency-
clopedia of Astronomy (1959).

(the shower’s zenithal hourly rate, or ZHR). However, the
Draconids have a Jekyll-and-Hyde personality. In 1933 and
1946 they dazzled skywatchers with astounding meteor
“storms” that briefly topped 10,000 per hour.

In those years Earth crossed through a particularly
dense ribbon of debris that the comet shed during its pass
by the Sun in 1900. The shower hasn’t put on that kind of
performance since, though rates reached into hundreds
per hour in 1952, 1985, and 1998.

If meteor forecasters are right, this year the Draconids’
peak ZHR could top 600 per hour — a shooting star every
several seconds. That’s because we’ll likely clip the same
stream of particles ejected in 1900. Odds are that it’s still
largely intact, even though the comet’s 6.6-year orbit peri-
odically carries everything that’s strung out along it into
Jupiter’s disruptive vicinity.

At a meeting of planetary scientists last year, meteor
dynamicist Jérémie Vaubaillon (IMCEE, France) presented
predictions that he calculated with Mikiya Sato and Jun-
ichi Watanabe (NAOJ, Japan). If they're right, this October
8th Earth will also cross relatively dense debris streams
that Comet G-Z shed between 1873 and 1894. The group
predicts a surge to about 60 meteors per hour centered at
17:09 Universal Time due to these streams, followed by the
much stronger, 600-per-hour pulse from the 1900 stream
around 19:57 UT. But those rates are very uncertain, Vau-
baillon admits, because there’s no way to know whether
the streams are still densely packed or have spread thin.

Other meteor specialists have also struggled to come
up with firm rates and times. In 2008 Sato and Watanabe
independently estimated a maximum of 500 per hour
centered on 20:36 UT. NASA researchers Danielle Moser
and William Cooke offer a more optimistic 800 per hour
at 19:11 UT. Moser predicts a peak ZHR of about 750 per
hour lasting for about two hours centered on 19:52 UT.

Now the Bad News

But don’t get your hopes too high. All those times favor
observers in Europe, not North America — and, sadly, the
moonlight will be seriously bright. The waxing gibbous
Moon is just two days from full and won't set until

the beginning of dawn. This is especially problematic
because many Draconids tend to be faint.
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The shower’s radiant is near the head
of Draco (at declination +54°), so the best
observing locations would likewise be
at high northern latitudes. But there’s
a reason why few people book vacations
to Scandinavia in October. “Weather in
Northern Europe is not very pretty,” says
Canadian meteorologist Jay Anderson.
“October can be very nice, but usually it
is the time when the winter cloudiness
begins to encroach.”

The head of Draco is highest after

Jupiter’s Moons and

The king planet spends most of October
approaching its opposition on the 28th,
which means it’s about as big and close as
we see it this year. It’s up and blazing in
good view in the east before 10 p.m., and
it’s highest in the south and sharpest in a
telescope between about midnight and 3
a.m. (daylight-saving time).

Orionid Meteors

The Draconids come and

go, but October’s Orionid
shower is reliable, producing
roughly 20 meteors visible
per hour before dawn under

sunset. So unlike most showers, this one
is best seen in early evening rather than
before dawn. Draconid meteors are also
unusual for being very slow moving as
meteors go. They’re catching up to Earth
from behind as the planet moves along its

Great Red Spot

Even the smallest scope shows Jupiter’s
four big Galilean moons, and binoculars
usually show at least two or three. Identify
them with the diagram on page 47. Listed
below are all their interactions with Jupi-
ter’s disk and shadow during October.

On Jupiter itself, the North Equatorial
Belt remained dark red-brown as of early

dark-sky conditions. The
shower is strongest for
several mornings around
October 21st each year, and
this year the Moon is a mere
waning crescent.

The Orionids, fragments
of the periodic comet 1P/
Halley, are unusually swift.
Their radiant is in the top of
Orion’s upraised club, near
the border with Gemini.

orbit, not hitting Earth on its front side,
the morning side.

But if you never pushed your luck in
astronomy you wouldn't see much of
anything. And good meteor counts are
always needed away from a shower’s peak

July, while the South Equatorial Belt (SEB)
was paler but broader. The Great Red Spot,
sitting in the south edge of the SEB, had
lost the white Red Spot Hollow that usu-
ally separates it from contact with the belt.
Here are the dates and times, in
Universal Time, when the Great Red Spot
should cross Jupiter’s central meridian.
Eastern Daylight Time is UT minus 4
hours. The Red Spot appears closer to the

Phenomena of Jupiter’s Moons, October 2011

Oct.1 1410 1.Shl 17:34  IlLEcR :
14:52 ITrl 1817  111.Oc.D :
16:20  IShE i 19:30  II.OCR :
17:00 ITrE i 21:35 I.Shl i
Oct.2 | 1:27 ILEcD 221 ITr.l
515 I.OcR @ 2346  |.Sh.E
11:30 l.Ec.D ! Oct.7 018 ITr.E
1420  1.OcR 9:56  I1.Sh.l
Oct.3  1:40 1.Sh.l : 11:07 I.Trl
3:41 HIL.ShE i 1225  Il.sh.E
445 el i 1327 ILTrE
5:55 TRE 18:56  |.Ec.D
8:38 1.Shl ¢ 21:38 1.Oc.R
918 ITrl ¢ Oct.8 16:04  I.Sh.l
1048  LSh.E 16:37  1Trd
M26  ITrE 1814  I.Sh.E
20:38  Il.Sh i 18:45  ITrE
259 Tl b 509 404 ILECD
23:07  II.Sh.E : pipe OeR
Oct.4 0:19 I1.Tr.E 13:24 1.Ec.D
5:59 l.EcD i 16:04  1.Oc.R
846 1OcR ! oct.10 542 | III.Shl
Oct.5 3:07 I.Sh1 7:41 11.Sh.E
3:44 1Tl 804  IILTrl
517 I.Sh.E @ 9:16 11.Tr.E
552 ITrE 10:33  Ish.l
14:46 ILEc.D 11:03 1.Tr.1
18:24 I11.0c.R 12:43 I.Sh.E
Oct.6  0:27 |.Ec.D 1311 ITr.E
312 1.OcR i 2314 I1.Sh.l
15:33  1Il.LEc.D i Oct.11  0:14 11.Tr.]

1:42 I.Sh.E : 17:48  1OCR :
2:34 I.Tr.E Oct. 17 | 9:44 1.Sh.l
753 LEcD m21 T
10:30  I.Oc.R : 1:43  III.ShE:
Oct.12 = 5:01 I.Sh.l i 12:27  IShl i
5:29 1Tl 12:35  IILTRE
71 I.Sh.E 12:46  1Trl
7:37 ITrE 1437 IShE :
17:23  Il.Ec.D 14:55 ITrE @
20:40 IOcR i Oct.18 1:50  I.Shl
Oct. 13 | 2:22 l.Ec.D 2:28 1Tl :
456 .OcR i 418 I.Sh.E :
19:34  IILEc.D : 449 IITRE
22:49  Ill.OC.R @ 9:48 1.Ec.D :
2330 ISh i 1204 1.OcR i
2355 ITrl i Oct.19 | 6:56  I.Shl
Oct. 14 | 1:40 I.Sh.E i 7:12 1Tr.l
203 ITrE 9:06  I.ShE :
12:32 I1.Sh.l 9:21 ITrE :
1322 Tl 20:00 Il.Ec.D :
15:00  II.Sh.E : 2255  1LOCR':
1542 IITRE & Oct. 20 | 416 IEcD i
205508 |.Ec.D : 639  1.OcR:
2322 1.OcR : 23:35  |Il.Ec.D:
Oct.15 [17:59  IShi |  oc21 125 Lsh. i
1821 1Tl 1:38 ITel
Bl 'ShE 2:06  1ILOCR:
2029 ITrE ¢ 3:35 I.Sh.E :
Oct.16  6:41 I.Ec.D : 3:46 ITrE
947  I1.OCR : 15:08  IlSh.l
1519 LEcD 1535 ILTr G

17:36  I1.Sh.E: Oct.27  1:09 1.0c.R
17:56 ILTr.E & 6:11 1.Ec.D
2245  LEcD: 823  I.OcR
Oct.22  1:05 I.OcR: Oct. 28 319 I.Sh.l
19:53 I.shl i 3:22 1Tr.l
20:04  ITr : 3:37  ll.Ec.D
22:04  I.ShE: 5:30 I.Sh.E
2212 ITeE 5:30 ITr.E
Oct.23 918 ILEc.D} 5:35 Il.Ec.R
12:02  I1.OcR: 17:44  1l.sh.l
793 LEcD: 17:48 11T
1931 1.OcR': 20:09  IITrE
Oct.24 1346  IIShi: 202 | Il.Sh.E
14:22 1.Sh.l Oct. 29 | 0:39 |.Ec.D
14:30 1Tl 2:49 I.Ec.R
1434 11Tr 21:48 1Tr.l
15:43  [II.Sh.E: 21:48 I.Sh.l
1552 IIITrE 23:56  ITrE
16:32  IShE : 2358 I.Sh.E
16:38 ITr.E ¢ Oct.30 11:54  11.0c.D
Oct. 25 426 I1.Sh.l 14:24  ILEcR
4:42 ITel 19:06  1.0c.D
6:54  II.ShE: 2178 1LEcR
7:03 ITRE S Oct.31 163 1Tr.l
11:42 l.Ec.D ! 16:17 I.Sh.l
1357 1.0cR' 1746 1IITr
Oct. 26 | 8:51 I.Sh.l & 17:47  1IL.Sh.I
8:56 (R (AR 18:22  ITrE
1:01 I.Sh.E : 18:27 I.Sh.E
Mm04  ITRE 19:09 IILTrE
22:37 Il.Ec.D: 19:44  1Il.Sh.E

Every day, interesting events happen between Jupiter’s satellites and the planet’s disk or shadow. The first columns give the date and mid-time of the event, in Universal Time (which is 4 hours ahead of
Eastern Daylight Time). Next is the satellite involved: I for lo, Il Europa, Ill Ganymede, or IV Callisto. Next is the type of event: Oc for an occultation of the satellite behind Jupiter’s limb, Ec for an eclipse
by Jupiter’s shadow, Tr for a transit across the planet’s face, or Sh for the satellite casting its own shadow onto Jupiter. An occultation or eclipse begins when the satellite disappears (D) and ends when it
reappears (R). A transit or shadow passage begins at ingress (1) and ends at egress (E). Each event is gradual, taking up to several minutes. Predictions courtesy IMCCE / Paris Observatory.
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to keep track of what’s really going on.
So if the sky is clear, go out regardless.

You want more incentive? Meteor
researcher Peter Jenniskens (SETI
Institute) says that this is the last big
meteor outburst predicted until 2030.

Jenniskens himself is planning an
airborne observing run over Finland,
Sweden, and Norway above any clouds.
See his website at airborne.seti.org/
draconids for updates and results
afterward. 4

planet’s central meridian than to the limb
(edge) for 50 minutes before and after:

September 1, 6:17, 16:13; 2, 2:08, 12:04, 21:59; 3,
7:55, 17:51; 4, 3:46, 13:42, 23:38; 5, 9:33, 19:29; 6,
5:24,15:20; 7, 1:16, 11:11, 21:07; 8, 7:03, 16:58; 9,
2:54, 12:49, 22:45; 10, 8:41, 18:36; 11, 4:32, 14:27;
12, 0:23, 10:19, 20:14; 13, 6:10, 16:05; 14, 2:01, 11:57,
21:52; 15, 7:48, 17:43; 16, 3:39, 13:35, 23:30; 17, 9:26,
19:21; 18, 5:17, 15:13; 19, 1:08, 11:04, 20:59; 20, 6:55,
16:51; 21, 2:46, 12:42, 22:37; 22, 8:33, 18:29; 23,
4:24, 14:20; 24, 0:15, 10:11, 20:07; 25, 6:02, 15:58;
26, 1:53, 11:49, 21:44; 27, 7:40, 17:36; 28, 3:31, 13:27,
23:22; 29, 9:18, 19:14; 30, 5:09, 15:05.

October 1, 1:00, 10:56, 20:51; 2, 6:47, 16:43; 3, 2:38,
12:34, 22:29; 4, 8:25, 18:21; 5, 4:16, 14:12; 6, 0:07,
10:03, 19:58; 7, 5:54, 15:50; 8, 1:45, 11:41, 21:36; 9,
7:32,17:28; 10, 3:23, 13:19, 23:14; 11, 9:10, 19:05; 12,
5:01, 14:57; 13, 0:52, 10:48, 20:43; 14, 6:39, 16:34;
15, 2:30, 12:26, 22:21; 16, 8:17, 18:12; 17, 4:08, 14:03,
23:59; 18, 9:55, 19:50; 19, 5:46, 15:41; 20, 1:37, 11:33,

21:28; 21, 7:24, 17:19; 22, 3:15, 13:10, 23:06; 23, 9:02,
18:57; 24, 4:53, 14:48; 25, 0:44, 10:40, 20:35; 26, 6:31,
16:26; 27, 2:22, 12:17, 22:13; 28, 8:09, 18:04; 29, 4:00,

13:55, 23:51; 30, 9:47, 19:42; 31, 5:38, 15:33.

These times assume that the spot is
centered at System II longitude 173°. If it’s
elsewhere, it will transit 123 minutes late
for every 1° of longitude greater than 173°,
or 12/3 minutes early for every 1° less.

The Great Red Spot was on Jupiter’s
central meridian when Christopher Go
took this stacked-video image on June 8th.
South is up.

Visit us at flicamera.com for more
information about our cooled CCD
cameras, focusers and color filter wheels.
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Sue French

Deep-Sky Wonders

There’s more to Cygnus than well-known showpieces.

For heaven’s floor has a fleet-winged Bird,
Airy his body, his wings roughened
With stars not largest-sized and yet not dim.
Exulting in the blue deeps of the sky . . .
— Aratus, Phaenomena

NINE CELESTIAL BIRDS grace the starry sky as

constellations, but none so resembles its namesake as
Cygnus, the Swan. Bright Deneb ornaments his stubby
tail, his elegant neck extends southwest with his beak
nipping Albireo, and the stars Zeta (£) and Iota (1) glitter
at the tips of his outspread wings.

Cygnus is adorned with myriad deep-sky wonders,
many of which we routinely pass by on the way to the
constellation’s best-known treasures. Let’s visit a few of
the unsung yet noteworthy sights that decorate our fleet-
winged bird.
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A remarkable quintet of open clusters lies along the
Swan’s neck, about 2V2° east-northeast of golden, 4th-
magnitude Eta (n) Cygni. The entire group just fits in
my 10-inch reflector through an eyepiece that gives me a
magnification of 43x and a field of 112°. The area is rich in
Milky Way stars, and although the clusters all have indefi-
nite boundaries, their combined effect is quite pretty.

NGC 6871 is large and loose, with two prominent star
pairs at the center of a splashy, cluster-spanning arc of
stars. The northern pair is SHJ 314, whose 6.8-magnitude
primary has a 7.3-magnitude attendant 36” north-north-
east. A closer and dimmer companion sits west-northwest
of the primary. The southern pair, SHJ 315, consists of
7.9- and 8.7-magnitude stars separated by 20”. It’s ghosted
on either side by fainter pairs having nearly the same
component separation as SHJ 315, but a somewhat dif-
ferent orientation. NGC 6871 spans about 23" x 17" and
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Finnish stargazer
Jaakko Saloranta
sketched NGC 6883 4
(the big cluster in ST
the center) as seen
through an 8-inch
scope at 60x.

is guarded north-northeast by the Sth-magnitude golden
star 27 Cygni.

Biurakan 1 abuts the east-southeastern side of NGC
6871. It’s dominated by a 7th-magnitude star and filled
out to roughly 15’ by 40 stars of magnitude 9 and fainter.
About 25’ east-southeast, Biurakan 2 is a little smaller
and holds the bright double star X2639 at its heart. The
7.8-magnitude primary hugs an 8.7-magnitude compan-
ion 5.9” west-northwest. This duo sits amid 30 fainter
suns forming a 12’ cluster. The Biurakan clusters derive
their name from Armenia’s Byurakan Astrophysical
Observatory, where they were discovered.

NGC 6883 lies 33’ northeast of Biurakan 2 and struts
a rich collection of stars strewn across an irregular misty
backdrop. Five of the brightest stars form a distinctive Y
just east of center, while others embellish the northwest-
ern border of this 20" group. Near the south-southeastern
edge of NGC 6883, Ruprecht 172 is an unremarkable bit
of fluff, perhaps 5" in diameter, pocked by two moderately
faint stars and rimmed by several more.

With the exception of Ruprecht 172, the clusters above
are also fair game for a small telescope. My 105-mm (4.1-
inch) refractor at 28x shows 10 moderately bright and 20
faint stars in NGC 6871. Biurakan 11is a triangular group
of several stars, while Biurakan 2 is a 15-star oblong run-
ning west-northwest to east-southeast. NGC 6883 looks
like a particularly bright patch of Milky Way dotted with
at least 25 stars.

The cluster-quintet region is lavishly laced with mean-
dering bright and dark nebulae. Just east of NGC 6883,

a more discrete pair of compact nebulae designated GM
1-77 is among the “new cometary nebulae” announced
in a 1977 paper by Armenian astronomers Armen Liparit
Gyulbudaghian and Tigran Yuri Magakian. The authors
comment: “Two nebulae of neutral color. One is divided
into two parts, with a star perceptible in one part. Size of
nebulae on red print: 0”9 x 0".8 and 0".7 X 0".6.”

Through my 10-inch reflector at 68X, the northeastern
nebula is readily visible as a glow surrounding a faint star,
and it’s quite obvious at 115x. Comparing the nebula to
the distance between nearby field stars at 213x, [ esti-
mate its apparent size as 40” x 50”, elongated east-west.
Nebula filters don’t improve the view, which isn’t surpris-

ing. These nebulae appear brightest on images taken at
blue wavelengths, indicating that much of their glow is
reflected starlight. Nebula filters only pass wavelengths of
light that are actually emitted by nebulae, mainly green.

I can see the star that lurks in the southwestern
component of GM 1-77, but the nebula itself eludes me.
Perhaps someone with a larger telescope or darker skies
can nail it down. I'd be very interested to hear about the
observation if you do.

The dark nebula Barnard 147 sits about 20" south of
a spot midway between NGC 6871 and Biurakan 1. On a
typical night from my semirural home, it doesn’t stand
out from the other sooty strands that thread much of
the area. But on one night of good
transparency, my 10-inch scope at
43x surprised me with something
that looked like a blocky numeral
3 of darkness. The northern bar of
the 3 passes through a 64" isosceles
triangle of three stars that points
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Object Type Mag(v) Size RA Dec.

NGC 6871 Open cluster 5.2 20’ 20" 05.9™ +35° 46
Biurakan 1 Open cluster — 14 20" 07.5™ +35° 41
Biurakan 2 Open cluster 6.3 12 20M09.2"  +35°29’
NGC 6883 Open cluster 8.0 20’ 20" 11.3" +35° 51
Ruprecht 172 Open cluster — 5.0 20" 11.6™ +35° 36
GM 1-77 Bright nebula — 2.5 20M12.5™ +35° 56
Barnard 147  Dark nebula — 1M x1"  20"06.7" +35° 23/
Sh 2-101 Bright nebula = 21"x 12" 19" 59.9m +35° 21
Cygnus X-1 Star/Black hole 8.9 — 19" 58.4™m +35°12/

Angular sizes are from recent catalogs. Visually, an object’s size is often smaller than the cataloged
value and varies according to the aperture and magnification of the viewing instrument. Right
ascension and declination are for equinox 2000.0.
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Sharpless 2-101, the Tulip Nebula, is a bright concentration within the nebulosity of central Cygnus. The X-ray

‘-

source Cygnus X-1is actually the unseen companion of the 9th-magnitude star labeled here. Sketch at left: Here’s
Saloranta’s impression of Sharpless 2-101 through his 8-inch scope at 38x with a UHC filter.

east, and the entire 3 is 19" tall. Only the northern bar
makes up Barnard 147. The whole figure is designated
H445 in the Atlas and Catalog of Dark Clouds (Dobashi et
al., 2005).

Near our quintet, and only 47" east-northeast of Eta
Cygni, the emission nebula Sharpless 2-101 is vis-
ible through my 130-mm refractor at 37x. It contains
three bright stars in a skinny, 6%2"-long triangle pointed
east-northeast, with a faint star in the middle of the
triangle. The two brightest stars glow orange and are
clearly involved in the nebula’s bright southeastern
flank. A UHC filter enhances the nebulosity, which runs
approximately 15" northeast-southwest, and an O-III filter
also works fairly well. A filterless view at 63x brings out
irregularities in the nebula’s light, including a dimmer
region denting into the bright flank. Several very faint
stars are involved.

In many astrophotos, the dark dent in Sh 2-101 appears
forked, like the sepals of a flower having three pink or
reddish petals. This pretty display of nebular light has
thus become known as the Tulip Nebula.

While in the realm of Sh 2-101, you might wish to gaze
at ordinary-looking, 9th-magnitude HDE 226868, located
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1/4° west of the nebula’s southwestern tip. It’s easy to spot
as the brightest star in the area, and it’s accompanied by a
10th-magnitude star just 55” north. Both appear yellow.

HDE 226868 is an 09.7 blue supergiant somewhere
between 17 to 21 times as massive as our Sun. It’s the
visible component of the famed X-ray binary Cygnus
X-1. The unseen companion, most probably a black hole,
weighs in around 15 solar masses and completes an
orbit every 5.6 days. The X-rays are emitted by material
stripped from HDE 226868 and superheated as it spirals
down into the black hole, which is only half as far from its
companion star as Mercury is from the Sun.

Why does such a blue star appear yellow through a
telescope? Its light is highly reddened due to selective
scattering of blue light by copious amounts of interstellar
dust. In a similar fashion, our atmosphere scatters blue
light from the Sun. When the Sun is low in the sky, we
view it through a longer column of air, and so much of
the blue and green light is scattered away that the Sun is
left with a red-orange hue. 4

NEIL FLEMING

Sue French welcomes comments at scfrench@nycap.rr.com.
Her latest book, Deep-Sky Wonders, goes on sale this fall.
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S&T Test Report  Dennis di Cicco

The Telescope Drive Master

There’s a new wrinkle in the centuries-old quest for the perfect telescope drive.

No guiding necessary. The author Telescope Drive
acquired this image of the Whirl- Master

pool Galaxy, M51, last July 1st when

the recently discovered supernova U.S. price: $1,799.95
(arrowed) was still shining at about (encoder and electronics
13th magnitude. The image was assem- only; mounting hardware for
bled from multiple 5-minute exposures various telescopes is sold
made through red, green, blue, and separately)

clear filters with an SBIG ST-8300 CCD Available from Explore
camera. His Meade 16-inch /10 LX200 Scientific, 621 Madison St.
Schmidt-Cassegrain telescope was Springdale, AR 72762
controlled only by the Telescope Drive explorescientific.com
Master (left) during the exposures. 888-599-7597

ALL PHOTOGRAPHS BY THE AUTHOR
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IF THE DEFINITIVE HISTORY of
telescopes ever gets written, you can rest assured that
there will be many chapters devoted to telescope drives.
While the concept of a clockwork drive dates back to
experiments performed by Italian-born astronomer Jean
Dominique Cassini in the 1680s, it wasn’t until Bavarian
instrument maker Joseph von Fraunhofer introduced
what we now call the German equatorial mount in the
early 19th century that drive systems became a major
concern. Over the years the pursuit for the perfect
telescope drive has drawn on the talents of professional
and amateur astronomers, skilled craftsmen, basement
tinkers, a few dreamers, and, of late, electrical engineers.
Until the turn of the 20th century, drive improve-
ments were achieved mechanically with increasingly
better-made drive components and clockwork regulators.
After the introduction of motors, electronics entered
the picture, first as speed controllers for the motors and
more recently as digital memory, issuing pre-recorded
speed adjustments to compensate for small, periodic
irregularities of the drive mechanism. The latter is
popularly known as periodic-error correction, or PEC for
short, and it’s a standard feature on today’s high-quality
drive systems.

A New Twist

Now there’s another wrinkle in the quest for the perfect
drive, and it’s based on a new breed of shaft encoder

that can count tens of millions of “clicks” for a single
rotation — technology that was almost unimaginable

a few years ago. Attached directly to a telescope’s polar
shaft, the encoder samples the drive’s speed many times
per second, feeding the information to electronics that
control the speed of the drive motor. Since the encoder
can respond to any type of mechanical irregularity in the
drive train (not just the periodic ones), it can maintain an
essentially perfect drive speed indefinitely.

This is the principle behind the Telescope Drive
Master (TDM), available in North America from Explore
Scientific. The brainchild of Hungarian astronomers
Istvan Papp and Attila Madai, the TDM consists of a
small electronic module and a shaft encoder. Encoders
and mounting hardware are currently available for a
variety of popular telescope mounts, and I suspect more
will be added as interest in the TDM grows.

The model I borrowed for this review is designed for
Meade’s current 16-inch LX200 fork mount, but with very
slight modification it attached to my 1995-vintage 16-inch
LX200. The TDM comes with very detailed, heavily
illustrated instructions for installing the hardware.

Described in the accompanying text, these TDM “first-light”
snapshots offer dramatic evidence of the telescope’s improved
tracking when the TDM is running (top) compared to when it’s
not (bottom). Each shot is a single 10-minute exposure with a
Nikon D700 DSLR and the 16-inch /10 telescope. Sean Walker
processed all the astronomical images appearing in this review.

What we liked:

Exceptionally accurate drive rate
Very easy to use

What we didn’t like:

Can interfere with manual fine-motion
control of some drive electronics
(especially those of older telescopes)
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The encoder connects to the TDM with a single cable,
and the TDM controls the mount via a single wire that
plugs into the scope’s ST-4-compatible autoguider port. If
you also want to use an autoguider, you simply connect it
to the ST-4 port on the TDM. In short, making the TDM’s
electrical hookups couldn’t be simpler.

And if T thought that setting up the TDM was easy,
using it was even easier. I would power up the scope
in normal fashion without power supplied to the TDM
(there is no on/off switch; the TDM simply begins
working when you connect it to a 12-volt DC source — it
comes with a small wall transformer). When the TDM
is powered up, it performs a self calibration that takes a
couple of seconds and then just starts working.

First Light

In all my years of testing astronomical equipment, I
can'’t recall having a more dramatic “first-light” result
than I had with the TDM. Since I was interested in how
the TDM performed and not in taking pretty pictures, I
just attached a DSLR camera to the scope, slewed to the
moderately bright spiral galaxy M66 in Leo, and opened

Although the mechanical complexity of installing the TDM’s
encoder can vary depending on the telescope model (the author’s
scope has the encoder mounted inside the base of the fork), the
electrical connections are extremely simple and only involve plug-
ging a few wires into existing ports on the TDM and telescope.

SKY & TELESCOPE

The TDM uses a high-resolution shaft encoder made by the
German firm Heidenhain. Capable of resolving tens of millions
of “clicks” per turn, the encoder provides the TDM with constant
feedback about the rotational speed of the telescope’s polar axis,
allowing tracking with sub-arcsecond precision.

the shutter for 10 minutes without the TDM running. As
expected, stars showed significant east-west elongation
because of periodic error in the drive. With the 16-inch
scope’s 4-meter focal length, it takes only a tiny bit of
tracking error to distort star images.

I then powered up the TDM, waited a few seconds for
the self calibration to finish, and opened the camera’s
shutter for another 10-minute exposure. The pictures on
page 61 pretty much tell the story — when the TDM is
running, the scope’s drive turns the polar axis with sub-
arcsecond precision. In the weeks that followed, I made
dozens of additional exposures, all with similar results.

This performance was a bit surprising, since my
16-inch scope is not an ideal candidate for the TDM.
Here’s why. The encoder samples a scope’s drive rate
many times each second and the TDM can issue
commands to adjust the speed as often as five times each
second. As such, it works best when the scope’s guide rate
is set very low; ideally between 0.1x and 1x the sidereal
rate. Most modern drives have guide rates within this
range, but the slowest guide rate available on my 17-year-
old Meade is 2x sidereal. Because of this, I expected
the scope to “ping-pong” around the correct drive rate
as it overreacted to commands issued by the TDM.
Occasionally it did, but overall the TDM maintained
the tracking rate to tolerances that were better than my
seeing conditions, so star images almost always appeared
uniformly round in my photos.

While I was setting up and testing the TDM, I was
corresponding with noted astrophotographer and asteroid
observer Jerry Hubbell, who was doing the same thing at
his home in Locust Grove, Virginia, only he was using a
Synta EQ6 Pro mount (which does have the desired range
of guiding rates). Jerry was also doing extensive analysis
of his mount’s performance using a data-logging feature



of the TDM and supplied software. His bottom line very
much parallels mine, and his TDM “operated as expected
and provided excellent drive-rate control to within +1
arcsecond tracking.”

In addition to my scope’s out-of-spec guide rate, I
encountered another issue with the TDM. From my
telescope’s point of view, the TDM looks like an autoguider,
albeit one sending very rapid updates. When an autoguider
is active, my scope’s slow-motion controls are disabled (I've
also experienced this with other telescopes, but I certainly
haven't tested everything that’s out there). Thus, when the
TDM is running I can’t move the scope by pushing the
direction buttons on the hand control.

The scope will accept commands to slew to a new
object or location when the TDM is running, but if I
needed to tweak the scope’s position, I had to first cut
the power to the TDM. I could also have reactivated the
scope’s slow-motion controls by unplugging the TDM
from the autoguider port, but this isn’t practical because
it messes with the TDM’s brain.

An End to Guiding?

With the astrophotographer’s long-sought Holy Grail of
an essentially perfect telescope drive rate now within
reach of the TDV, it’s reasonable to ask if we can do
astrophotography without guiding. The short answer is a
flat-out “no.” But the longer answer is, well, “maybe.”

Even with an absolutely flawless drive rate, a telescope
can’t keep stars fixed on a camera’s detector indefinitely.
The biggest problem is atmospheric refraction, which
increasingly slows the apparent diurnal motion of stars
as they appear farther from the zenith. And, with almost
all telescopes, there are also the problems of optical and
mechanical flexure. Of course, the focal length of the
optical system is an important factor in this equation.

A short focal length, such as a 100-mm camera lens,
coupled with a TDM-equipped solid mounting, could
conceivably run unguided for many hours.

A typical amateur telescope, however, is likely to be
limited to exposures of 5 or 10 minutes even with the
TDM. But that’s where the “maybe” comes from. Many
astrophotographers today assemble their images from
stacks of short exposures. And people using imaging
for various sky patrols or searches often make short
exposures that are well within the capability of the TDM.
So depending on your application, the TDM can indeed
eliminate the need for guiding.

Even those of us who must autoguide can benefit from
the TDM. A mount that tracks accurately for minutes
will make finding a suitable guide star a snap. There’s
no need to hunt for a star bright enough to make the
fast autoguiding corrections that most mounts require.
Indeed, long exposures for the guide camera are actually
desirable because autoguider corrections that are

The TDM has only four adjustments, which are made with small
DIP switches. From left to right they let you select the telescope’s
tracking rate (sidereal or average King rate); the resolution of the
instantaneous tracking error displayed on the ladder-like LED
array at right; the frequency that speed corrections are sent to the
scope’s autoguider port; and the tracking tolerance that the TDM
attempts to maintain. The switch settings can be changed on the
fly, making it easy to fine-tune the TDM’s performance.

passed through the TDM to the mount must be spaced

a minimum of two seconds apart for technical reasons.
This would be a boon to anyone using one of SBIG’s self-
guiding cameras and shooting through filters that reduce
the apparent brightness of a guide star.

And then there’s the issue of intermittent clouds.
Because the TDM works without any feedback from the
sky, it will keep a telescope tracking properly even if a
guide star is temporarily dimmed by a passing cloud.

I'm certainly not the only astrophotographer to have had
half-hour exposures ruined because a guide star slipped
behind a cloud for a minute or two.

Throughout the history of telescope making, very
talented people have spent untold hours trying to build
ever-more accurate drive systems. To think that I could
spend a half hour installing the TDM and achieve results
they only dreamed about, gives me an appreciation for
the wonders of modern technology — not to mention the
vision of Istvan Papp and Attila Madai. 4

Sky & Telescope senior editor Dennis di Cicco has been
pursuing the perfect telescope drive since he was a teenager in
the 1960s.
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Gary Seronik

Telescope Workshop

TELESCOPE MAKERS TODAY often strive to com-

DAVID SHOULDICE

A Collapsable-Tube Dob

This all-aluminum Dobsonian features portability and aperture.

bine large aperture with portability. The result is gener-
ally a Dobsonian with some kind of truss-tube assembly. I
have previously covered instruments with folding trusses,
telescoping trusses, 3-pole configurations, and even a
couple of single-strut designs. What keeps the game inter-
esting is that builders continue to find new approaches
and fascinating ways to utilize everyday parts. David
Shouldice’s 12%2-inch f/4.8 reflector is a good example.
The optics for David’s telescope were originally housed
in a 14-inch-diameter fiberglass tube that rode on a beefy
German equatorial mount. The scope tipped the scales at
135 pounds (61 kg) — a weight that eventually became a
disincentive for bringing the scope out for a night under
the stars. “When the sky is gorgeous,” David explains,
“I just want to take it all in without bench-pressing 100
pounds of telescope in and out of my car.”

His reconfigured scope is a thoroughly modern Dobso-

Colorado telescope maker David Shouldice transformed his
12)%-inch telescope from a heavy equatorially mounted instru-
ment into a lightweight, all-aluminum truss design. His main
design goals were easy portability and quick setup.
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nian with many nifty features that help satisfy his desire
for transportability and quick setup. Most obvious is his
choice of aluminum instead of plywood as the scope’s
main building material. While some telescope makers
might hesitate to use metal if they don’t have a well-
equipped machine shop, it didn’t stop David. “The scope’s
side bearings,” he reports, “were made from a piece of
1l-inch-square aluminum tubing rolled to a 12-inch radius
by a local sheet-metal company.”

This is a good tip. Often telescope makers will avoid
designs that involve components they personally lack the
equipment or skills to make. I've always found this curi-
ous considering that so many ATMs are perfectly happy to
purchase a scope’s primary mirror, yet remain strangely
reluctant to seek assistance for other parts. David’s “out-
sourcing” strategy made the all-aluminum aspect of his
scope’s construction viable. In addition to the side bear-
ings, he had the same company bend the aluminum strips
used for the front ring of the secondary cage.

Another method of getting what you want is to repur-
pose store-bought items as telescope components. In
the past I've seen everything from tent poles to camera
monopods used in truss assemblies. Look closely at the
truss poles in David’s scope and you'll see another varia-
tion on this theme. “I bought a surveyor’s tripod at my
local Home Depot,” he explains. “Its fully extended legs
were just long enough for my scope’s focal length, and
they give the tube the collapsible trusses I wanted.” At the
mirror end of the scope the tripod legs bolt to a frame that
holds the mirror cell, while at the front end they attach to
the metal ring of the secondary cage.

So did David’s conversion from an equatorial heavy-
weight into a 50-pound wonderscope deliver quick and
easy field assembly? “That is what [ am most proud of,”
he says. “I roll the scope out of the back of my minivan,
extend the trusses, remove the mirror covers, and I'm up
and running — usually before anyone else in my group.”

Readers wanting to know more can contact David at
davids.scope@yahoo.com. 4

Contributing editor Gary Seronik has built numerous truss-
tube telescopes, some of which are featured at his website,
www.garyseronik.com
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Randy Rhea

*8,, No Motor Drive Needed

bserving

Geosynchronous
Satellites

You don’t need a telescope drive to “track” these Earth-orbiting satellites.

One chilly October evening in northern New Mexico,

I was observing the Wild Duck Cluster (M11) with a
24-inch Ritchey-Chrétien telescope when I noticed a
10th-magnitude satellite moving by the edge of the field.
Satellites are a common sight in the early evening in a
large scope, but this satellite seemed to be moving slower
than most.

On a whim, I decided to try tracking it. I grabbed the
telescope’s control paddle, centered the satellite in the
eyepiece field, and started following it among the stars.
Tracking was easier than expected, and after awhile I
noticed I was pushing only the scope’s east button. That
seemed strange. Why only east and why was this satel-
lite moving so slowly? Then it struck me; to follow the
satellite the only thing my button pushing was doing was
stopping the westward movement of the scope’s drive. As
proof, I turned the drive off, and sure enough, the satellite
remained fixed in the eyepiece. I was “tracking”
a geosynchronous satellite.

That evening, as stars drifted slowly by the
satellite, I became fascinated with observing
these high-altitude objects. It’s relatively easy
and relaxing to do with almost any scope, and
it’s an enjoyable alternative when conditions are
less than ideal for deep-sky observing.
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The Back Story

A satellite in low-Earth orbit takes approximately 88
minutes to circle our planet. Its motion against the

stellar background is swift, and most of the orbit on the
night side of our planet keeps the satellite within Earth’s
shadow and thus hidden from view. As such, we only

see satellites that are in low-Earth orbits for brief periods
before dawn and after dusk. As a satellite’s orbital altitude
increases, its period also increases. At an altitude of
35,786 kilometers (22,236 miles) above mean sea level, the
orbital period of a satellite equals that of Earth’s rotation,
and the object can theoretically remain above a fixed point
on the globe.

A geosynchronous orbit can, however, be elongated
and inclined with respect to the Earth’s equator and still
have a period equal to a sidereal day, making the satellite
appear to wander around a fixed point on the sky. Satel-
lites are also perturbed by the solar wind, solar radiation,
and the gravity of the Sun and Moon, so geosynchronous
satellites have thrusters that are used periodically to
maintain their positions sufficiently to satisfy their mis-
sion requirements.

In a letter to the editor published in the February
1945 issue of the British magazine Wireless World, the
late renowned science-fiction author Arthur C. Clarke



The U.S. military’s Sbris GEO-1 launched last May is one of the newest members of the geosychfonous-satellite
family. It’s infrared detectors are designed to provide early detection and classification of rocket launches.

proposed the possibility of worldwide television broad-
casts using a system of three "repeater stations" spaced
120° apart in geosynchronous orbits. He followed up with
a more complete article in the October issue. Today this
ring of satellites is often referred to as the Clarke Belt in
his honor. But Clarke wasn't the first to recognize geo-
synchronous orbits. That honor goes to the Austro-Hun-
garian engineer Herman Poto¢nik, who proposed the
concept in his relatively obscure 1928 book Das Problem
der Befahrung des Weltraums (The Problem of Space Travel).
Both Clarke and Poto¢nik envisioned these satellites

as manned space stations and neither used the terms
geosynchronous or geostationary. At the time, Clarke
imagined his concept wouldn't happen until the "remote
future — perhaps half a century ahead." But progress was
more rapid than that.

The first operational geosynchronous communication
satellite was Syncom 2, launched by the U.S. in July 1963.
Its orbit, however, was sufficiently inclined to Earth’s
equator that movable ground-station antennas were
required. Syncom 3 was launched in August 1964 with a
relatively stationary orbit that used fixed ground-station
antennas. Since then, more that 400 geosynchronous sat-
ellites have been launched. Many of them have significant
orbital inclinations and are not geostationary. It’s very

LOCKHEED MARTIN (2)

common for satellites in the Clarke Belt to appear within
a degree of one another, especially in the sky over the
Americas and Europe. The spacing between satellites is
wider over portions of Asia and the Pacific Ocean.

Locating Geosynchronous Satellites

The orbital altitude of a geosynchronous satellite is much
greater than that of the International Space Station, the
Hubble Space Telescope, the Space Shuttle, and other low-
Earth-orbit satellites, making most of them too faint to be
seen with the unaided eye (they typically range between
magnitude 9 and 15). Near the time of the spring and
autumn equinoxes, the orientation of geosynchronous
satellites is often more favorable for reflecting sunlight
and the magnitude may brighten to 5 or 6. Rarely, one may
glint to conspicuous naked-eye visibility.

Many of these satellites are within reach of an 8-inch
(20-cm) telescope at any time of the year. Their brilliance
is stunning in larger scopes, but their apparent size is so
small that they always remain stellar in appearance.

If geosynchronous satellites were at infinite altitude
above Earth, their location within the Clarke Belt would
make them appear on the celestial equator. But because
the altitude is less than six Earth radii, Northern Hemi-
sphere observers see the Clarke Belt south of the celestial

SkyandTelescope.com October 2011




B o Motor Drive Needed RADIO
95 RELAY
—_ ?
— - /,
RADIO ‘/(/
RELAY s _ - o /‘;
=TT —— =~ POLAR 4
S i’.\{;' R — Tem— —~ = MET STATION P
N NN 00 =~ 23
NN NG REFUELLING
\ Nao . >~ ZONE \MET. AND ASTRO

\ \
/s
\ \ / s
\ A /s
\ \ AA
A Y Y4
x | e
’/’:M/i/
= RADIO
RELAY
90° . L ] o°
Elevation and Declination
30° |- of Clarke Belt at the _| ;.
Meridian
70° — 20
60° [— 3°
- lw)
S 50° 1= 42 8
o 40° 5o g
30° |- 6°
20u — 70
'IOO — 80
0 | | | | | | | g°
0° 10° 20°  30°  40°  50°  60°  70°  80°

Observer’s latitude

S&T DIAGRAM: LEAH TISCIONE
SOURCE: RANDY RHEA

Geosynchronous satellites orbit Earth in a band known as the
Clarke Belt. Its position on the sky depends mainly on the observer’s
latitude. This graph shows the belt’s location at the meridian in
terms of elevation and apparent declination. As seen from northern
latitudes the elevation is above the southern horizon and the
declination is south of the celestial equator (minus values). From
southern latitudes it’s the northern horizon and north declinations.
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Previewing the Future

In 1945 space-travel visionary Arthur C. Clarke proposed the
possibility of worldwide television broadcasts with a system
of relay satellites placed in geosynchronous orbits that were
first described by rocket engineer Herman Poto¢nik in 1928.
This diagram from Clarke’s 1951 book The Exploration of
Space promoted global communication six years before the
launch of Sputnik. Clarke’s insight extended beyond space-
flight as he acknowledged that television’s “cultural future”
and the thought of global broadcasting could be used by
some as the best “argument against space-travel.”

equator, whereas Southern Hemisphere observers see it to
the north of the equator.

The chart at left shows elevations above the horizon and
the celestial declinations where the Clarke Belt appears
when on the meridian for an observer’s given latitude.
These values change slightly as we look east or west of the
meridian. The Clarke Belt does not appear above the hori-
zon for observers more than 80° from the equator.

Sometimes you can see multiple satellites in one
telescopic field of view. But not all of them will appear
to move the same way. This is because of slight orbital
eccentricities and inclinations relative to Earth’s equator.
A satellite’s north-south excursion from a fixed point of
the sky is caused by orbital inclination, whereas an east-
west excursion is caused by eccentricity. These patterns
vary among the satellites.

Tips on Observing

A large field of view requires less-accurate telescope point-
ing to locate the Clarke Belt, but the easiest way to detect a
geosynchronous satellite is by its apparent motion relative
to the stars. This slow movement is more difficult to spot
when the field of view is greater than about 2°. I prefer to

STATIONS
(12-24 hr. orbits)



sweep for them with a field 0.5° to 1° across. Once I find
one, or a group of them, increasing the magnification
results in more dramatic viewing.

You can use either equatorial or alt-azimuth mounts
for observing. These satellites make great targets for
Dobsonian telescopes that don’t have drives. You can use
a pencil or piece of tape to mark the telescope’s altitude
for the position of the Clarke Belt on the meridian. This
elevation decreases when you are looking east or west
of the meridian, and you can make additional elevation
marks when you locate geosynchronous satellites at other
azimuth locations.

For equatorial mounts, you can set the scope at the
declination indicated in the chart and then sweep along
the Clarke Belt by moving the scope in right ascension. It’s
much easier to scan the Clarke Belt this way than to use
an alt-azimuth mount. While the declination of the Clarke
Belt changes slightly when you are looking away from the
meridian, the error is small. You can also find these satel-
lites by star hopping, but to do this you'll need to prepare a

The author recorded four geosynchronous communication
satellites in a 0.6°-wide field captured with an SBIG ST-8 CCD
camera and stationary Meade 8-inch /6.3 Schmidt-Cassegrain
telescope. The top view shows stars appearing to drift by the
satellites in a single 20-second exposure, while the view below
it is a composite of 10 exposures made at 1-hour intervals
showing the slowly changing positions of the satellites due to
their slight orbital inclinations and eccentricities.

Deep-Sky Objects Near the Clarke Belt

RANDY RHEA (2)

Observer’s

Latitude Declination Objects*

75° to 55° N -8.6° to —7.7° N157, N1042, N1052, M50, N3115, N4487, N4699, N4958, N4995, N6664, N7606
55°to 45° N —-7.7° to —6.8° 1430, N584, N596, N1084, N1276, N1909, N2215, N2302, N2309, N3115, N4504, N6539
45° to 40° N —6.8° to —6.3° 1430, N584, N596, N1022, N1909, M48, N4731, N4775, N4981, N6683

40°to 35° N —6.3°to -5.7° N779, M42, M48, N4697, N4731, N4941, N5427, N5634, N6683, M11

35°to 30° N —5.7° to -5.0° N1600, N1700, M42, M43, N2232, N2250, N4593, N4697, M48, N4941, N6366, N6704
30°to 25° N —5.0° to —4.3° N1600, N1700, N1981, N2232, N2250, N2311, N6366, N7585

25°to 20° N —4.3° to —3.4° N1453, N2652, N4546, M10

20°to 15° N —3.4°to -2.6° N1253, N1637, N2286, N4684, N4691, M14

20°to 25° S +3.4° to +4.3° N520, N3166, N3169, N4457, N4496, N5300, N5566, N5775, N6755

25°to 30° S +4.3° to +5.0° N2180, N2238, N2244, N2269, M61, N5317, N5668, N5921, N6755, N6756

30°to 35°S +5.0° to +5.7° N488, N2186, N2238, N2244, N2252, N3423, N4261, 14665, 14756, N5317, N5363, N5701, N5921
35°t0 40° S +5.7° to +6.3° N676, N741, N864, N3423, N4261, N4339, N4532, 14665, 14756

*Objects from the New General Catalogue of Nebulae and Clusters of Stars (NGC) are identified with a preceding N; those from the Messier list, M; and those from the Index

Catalogue, .

SkyandTelescope.com October 2011

69



No Motor Drive Needed

Planetary Crossings of the Clarke Belt for Latitudes 20° to 50° North

Year Venus Mars Jupiter Saturn

20m 20° to 50° N: Apr None None until 2017 20° to 25° N: Aug-Sep

25° to 20° N: Dec

2012 20° to 50° N: Jan-Feb ~ 20° to 40° N: Jul 60° to 40° N: Mar-Jun

50° N: Aug 20° to 50° N: Jun-Sep

2013 20°to 50° N: Aug None None

2014 20° to 50° N: Apr 20° to 40° N: Jan None

50° N: Feb

40° N: Mar

30° to 20°N: Apr

15° N: May

20° to 50° N: Jun

None

2015 None 50° N: Jan

40° to 20° N: Feb

20° to 40° N: Dec

WM OM-—2C 3
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star chart for the specific observing date and time.

During favorable conditions, such as near the equi-
noxes, you can see some geosynchronous satellites in
small telescopes or even binoculars, but the wide field of
binoculars makes it very difficult to notice their relative
motion against the starry background.

Around the time of the equinoxes, Earth casts a
shadow on the Clarke Belt up to 10° east and west of the
Sun’s opposition point. At sunset, geosynchronous satel-
lites located in the eastern sky are in shadow, while at
sunrise the shadow has swept across the sky to obscure
those in the west. Earth does not cast a shadow on the
Clarke Belt for any dates more than 80 days removed
from the equinoxes. Geosynchronous satellites can be
observed entering and exiting Earth’s shadow, with these
eclipses lasting about 70 minutes during the equinoxes.

Nearby Passes

Besides observing eclipses of these satellites near the
equinoxes, other special events include direct or near
passes of deep-sky and solar-system objects. You can
predict passes near deep-sky objects by noting the appar-
ent declination of the Clarke Belt for your latitude and
searching catalogs for deep-sky objects with the same
declination. There’s a listing on page 69 of brighter deep-
sky objects that, for a given latitude, pass within 1° of the
Clarke Belt.

For solar-system objects, predicting the passage
through the Clarke Belt is more complex, and these
passes are best determined using planetarium software. I
have prepared the table on this page showing Clarke Belt
passes for Venus, Mars, and Saturn for the years 2011
through 2015. Clarke Belt passes for the more-distant
planets are quite rare.

All of us have watched satellites sail overhead among
the stars. When you track down geosynchronous satel-
lites you get to enjoy the view as stars appear to sail past
the satellites. 4

Randy Rhea is a retired electrical engineer who began observ-
ing with an Edmund Scientific 3-inch Space Conqueror
reflector purchased for $29.95 in 1961. He may be reached at
24scope@gmail.com.

@

Visit SkyandTelescope.com/geosynchronous
for links to a variety of web resources for
observing and identifying geosynchronous
satellites.

Launched on a three-stage Delta rocket in July 1963,
Syncom 2 (insets) became the first successful geosyn-
chronous communications satellite. Five months earlier,
Syncom T’s electronics had failed before it reached orbit.



Australianjeclipse 2012

E. AUSTRALIA - NOVEMBER 8TH - NOVEMBER 15TH, 2012 .

Let Sky & Telescope help you get the most out of
the eclipse and the glories of Down Under. Join us
November 8-15, 2012 for a swing through Australia, astronomy-style.

Join Greg Bryant, Editor of Australian Sky & Telescope, who will bring you
eclipse expertise, the latest on Australian astronomy, and a behind-the-
scenes look at the innovative instrumentation and research found in 0z.

S&T visits “The Dish” at Parkes and the Siding Spring Observatory

at Coonabarabran, and we’ll get the latest on Australian astronomy
research from University of Sydney astrophysicist Julia Bryant, Ph.D.

Then we head north to Cairns, with suspense building. We'll relax
before the eclipse with a visit to the Great Barrier Reef. Eclipse day
finds us with three site choices for eclipse viewing: the beach, on the
ground in the Outback, or in a hot-air balloon out of Mareeba.

Map out a robust intellectual adventure. Reserve now, and join
Sky & Telescope and kindred spirits in a timeless moment.
Visit http://www.insightcruises.com/SolarEclipse

DAY 1: Nov. 8

Arrive Sydney

Upon arrival at Sydney Airport, you'll be
met by a guide for a City Tour of Sydney,
including visits to the Sydney Opera House,
refreshing Bondi Beach, and the historic
Rocks area. Early afternoon, relax
on a luncheon cruise of Sydney &2
Harbor, then check in to The
Four Seasons Hotel.

FOUR SEASONS

Lunch provided. Tlotels and Foesorts

DAY 2: Nov. 9

Free day in Sydney

Enjoy a day at leisure on your own. We highly
recommend the Royal Botanic Garden (with
its famous flying foxes) and The Art Gallery of
New South Wales, both within easy walking
distance from our hotel. The Taronga Zoo is
renowned for its Australian wildlife.

Breakfast provided.

DAY 3: Nov. 10

Travel to Parkes

Today we head out to Australia’s astronomy
corridor. We'll traverse the UNESCO
World Heritage Blue Mountains, pausing
in Katoomba for the view. We'll head into
central New South Wales for lunch in a
country town. On through picturesque farm-
land, arriving at Parkes in late afternoon.
We'll have dinner and take an informal first
look at Southern Hemisphere skies.

Breakfast, lunch, and dinner provided.

DAY 4: Nov. 11

Parkes Observatory

Up the Newell Highway lies the Australia
Telescope National Facility, Parkes Observa-
tory: The Dish. We’'ll receive exclusive
briefings on the work with the 64-meter par-
abolic dish, and hear about Parkes’ central
role in the Apollo 11 Moon landing.

Breakfast, lunch, and dinner provided.

DAY 5: Nov. 12

Siding Spring Observatory

Wake up in Coonabarabran to birdsong.
After breakfast we head to Siding Spring
Observatory, Australia’s optical astronomy
center. Get the scoop on cutting-edge
tools and exploration at the Australian
Astronomical Observatory with an exclusive
briefing, and visit some of the dozen other
telescopes on site.

Breakfast, lunch, and dinner provided.

DAY 6: Nov. 13

The Great Barrier Reef

All aboard Green Island Reef Cruise to the
Great Barrier Reef, among the Seven Natural
Wonders of the World. Green Island National
Park’s tropical vine forest is home to 60
species of birds. Offshore in the surround-
ing reef live green and hawksbill turtles,
clams, fish, stingrays, and a diversity of
creatures.

Breakfast and lunch provided.

PRICING: $8,999 per person (pp) based on
double occupancy. There is a $500pp
early-bird discount if booked by July 31,2011.
For full terms and conditions please visit:
http://InSightCruises.com/Sky-4

For more info call 650-787-5665 or
concierge@InSightCruises.com

SKY
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DAY 7: Nov. 14

ECLIPSE DAY... at Dawn

Option One: On the Beach

We selected this beach for weather and
viewing prospects, positioned at a spot
which is above the high-tide line for the
entire eclipse. We'll have a breakfast buffet
going before, during, and after the eclipse,
and a comfortable, safe place to store your
equipment or recharge your batteries.

Options Two and Three: In The Outback

You can head to the statistically sunniest
spot in the Outback, on the dry side of the
Great Dividing Range. Once there, choose to:
= observe on the ground in the Outback

= hop into a hot-air balloon in Mareeba

Breakfast and celebration dinner provided.

DAY 8: Nov. 15

Fly Home




§P Astronomy Pilgrimage

Above: This
22-inch
Dobsonian
telescope
provided
stunning
views of
southern
deep-sky
targets.

IMAGINE SPENDING 12 DAYS AND NIGHTS observ-
ing under pristine skies, surrounded by stunning scen-
ery, unique artistic, gastronomic, and cultural delights,
and extremely friendly people. Would you feel like you've
died and gone to heaven? Well maybe not, but at an eleva-
tion near 8,000 feet (2,440 meters) above sea level on the
Atacama Plateau in northern Chile, you're definitely a
step closer.

I recently had the good fortune of joining a dozen
dedicated Canadian amateur astronomers on a journey
to the Atacama Lodge (www.spaceobs.com/en/lodge.php)
near the delightful town of San Pedro de Atacama. Oper-
ated by astronomer Alain Maury and partners, the lodge
is part of San Pedro de Atacama Celestial Explorations
(SPACE), a tour company that specifically caters to ama-
teur astronomers from all over the world. SPACE provides

72 October 2011 SKY & TELESCOPE

Expand your
views with a trip
to the southern
skies of Chile.

Iaus rasch

accommodations, star tours, rental telescopes, and sight-
seeing excursions to nearby natural wonders.

The physical setting of the region is simply stunning.
Surrounded by some of the highest snow-capped volca-
noes in the world, the Atacama Plateau lies against the
Andean Cordillera, extending from about 8,000 feet to
more than 16,000 feet in elevation.

There are many reasons why several major observa—
tories are located in the Atacama Desert. It is among the
driest localities on Earth, with virtually no measurable

Below: Author Klaus Brasch shares his experiences visiting
the Atacama Lodge, pictured here in the foreground of the
Licancabur volcano in the Chilean Andes. Only from the South-
ern Hemisphere does the heart of the Milky Way cross the sky
directly overhead, and few places south of the equator offer a
view as vivid as that from the Atacama Plateau in Chile.

ALL IMAGES ARE COURTESY OF THE AUTHOR UNLESS OTHERWISE CREDITED



precipitation and almost year-round clear skies. Combine
that with exceptional transparency, no appreciable light
pollution, very good seeing conditions, and the incompa-
rable southern skies and you are in indeed in astronomi-
cal heaven.

Although extremely dry, the Atacama region contains
a number of fresh-water lagoons replenished by snow-
melt from the nearby Andes. Spectacular Laguna Chaxa,
part of Chile’s Reserva Nacional los Flamencos, is home
to hundreds of species of birds, reptiles, and crustaceans.
Even more impressive is nearby Valle de la Luna (Valley
of the Moon). This aptly named geologic wonderland has
vistas reminiscent of the Moon and Mars and was used to
test NASA’s Mars rover prototypes. If you enjoy astron-
omy, culture, hiking, mountaineering, wildlife, geology,
or archaeology, this place has it all.

Under Southern Skies

Ultimately, the unparalleled beauty of the southern Milky
Way drew us to the region. Incredible showpieces such as
the Eta Carina Nebula, Omega Centauri, the Coal Sack,
47 Tucanae, and countless other objects that are hidden
below the horizon back home, are in full view from Chile.
Under the jet-black Chilean skies, we were overwhelmed
by the Milky Way bridging the firmament, and it even
cast shadows when near the zenith! Likewise, viewing

The Eta Carina Nebula is the biggest and brightest nebulous
complex in the sky. Although barely visible from the most southern
locations in the United States, it reveals its true extent under the
dark Chilean skies. The author recorded this four-panel mosaic with
a Takahashi FS-102 and a modified Canon EOS 50D DSLR camera.

and imaging the Magellanic Clouds gave us the feeling
that we were traveling in space.

Although some of our fellow travelers brought com-
plete CCD imaging gear including their own telescopes,
my friend Terry Dickinson and I opted to keep things
light. Between the two of us we had several modified
Canon DSLRs, a wide assortment of lenses, and a small
equatorial mount suitable for piggyback astrophotog-
raphy. In addition, we rented time on a permanently
mounted Takahashi FS-102 apochromatic refractor and
a Celestron C14 with HyperStar. These setups proved so
successful that we secured some 300 individual astropho-
tos for later processing. Our exposures were typically a
few minutes long, and we recorded multiple images for
later stacking and processing.

So what sorts of equipment should you bring to capture
some of the southern sky’s splendors? Given concerns with
air-travel security and carry-on luggage limits, it’s best to
keep things as simple and light as possible.

Clearly, a high-end DSLR camera is the most versatile
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Above: Relatively short exposures reveal the Milky Way in all its colorful
glory. This image is a stack of two 3-minute exposures recorded with a
modified Canon 20D DSLR and 10-mm f/4 lens at 1ISO 1600.

Below: While the Northern Hemisphere was experiencing late spring, the
chilly autumn Atacama nights required the author to bundle up while shoot-
ing the sky using a rented Takahashi FS-102 refractor. Rental equipment
allows visitors to leave their bulky gear back home.
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camera for travel. Most DSLRs available today fit the bill
nicely as long as they have a “bulb” setting for long expo-
sures. Be sure to bring a remote-release cable for your
particular camera, to avoid vibrations during exposures.
Although these cameras are great for all-around photogra-
phy on a trip, many astrophotographers opt for modified
cameras that have increased response to the reddish-pink
light of emission nebulae permeating our galaxy. Under
the dark Atacama skies, unmodified DSLRs work just fine
but will not record fainter emission nebulae.

A key factor with astrophotography is focusing. You
want pinpoint stars, not fuzzy little donuts. Most late-
model DSLRs have a “live view” feature that makes focus-
ing an easy task. The best way to insure tack-sharp focus,
however, especially with camera lenses that often do not
have a focus stop at the infinity setting, is to take test
exposures and adjust the lens accordingly.

If you're new to astrophotography, just bring a solid
tripod and a good wide-angle lens and set the ISO to 1600
or higher. You can take pleasing images of the Milky Way
without objectionable star trailing with unguided expo-
sures up to 40 seconds long. Many of my fellow travel-
ers got superb results with an AstroIrac (www.astrotrac.
com). This beautifully engineered, battery-driven drive
is lightweight and designed for traveling. Coupled with
a solid camera tripod and ball head, the AstroTrac can be
polar aligned and used for exposures as long as 10 minutes
with telephoto lenses up to 400-mm focal length. A word of
advice to first time Southern Hemisphere visitors though:




there is no Polaris down under to aid in alignment, so it
can be a challenge initially.

In addition to astrophotography, we also spent many
nights observing deep-sky objects with telescopes avail-
able at the lodge. The Eta Carina Nebula (NGC 3372) is
brighter than M42 and roughly four times its angular
size — so bright that it actually appears distinctly pink
through a 22-inch Dobsonian! Globular clusters Omega
Centauri and 47 Tucanae were dazzling, and the Taran-
tula Nebula (NGC 2070) in the Large Magellanic Cloud
(LMC) showed extensive structure and detail. One of
our fellow travelers identified some 20 planetary nebu-
lae in the LMC alone. Other favorite objects, including
the Sagittarius array of M8, M16, M17, M20, and M22,
appeared far brighter and more imposing because they

Top: While in Chile, amateurs should arrange a visit to the European
Southern Observatory at Cerro Paranal, home of the four 8.2-meter
telescopes together known as the Very Large Telescope.

Above left: Among the interesting sights near San Pedro de Atacama is
Valle de la Luna, a wind-sculpted nature sanctuary bearing resemblance
to the surfaces of both the Moon and Mars.

Above right: Another jewel of the south, Omega Centauri (NGC 5139),
is the largest globular cluster as seen from Earth.

Below: The historic church and main plaza
of San Pedro de Atacama.

To see more of Klaus

N\
= @ Brasch’s photography, visit
SkyandTelescope.com/Chile.

were straight overhead rather than low on the horizon as
they are at our northern latitudes back home.

Every amateur from the Northern Hemisphere should
make a pilgrimage to the south to see the sky they are
missing out on. Some feel the best sights within our gal-
axy are only visible south of the equator. Whether you're
a seasoned observer or astronomical novice, the Atacama
Lodge offers a full complement of telescopes for visual
and imaging enthusiasts, as well as a full range of non-
astronomy activities for the entire family. 4

Klaus Brasch is a docent and lecturer in the public program
at Lowell Observatory in Flagstaff, Arizona, and a life-long
amateur astronomer. =S
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Sean Walker

Gal |ery s Gallery showcases the finest astronomical images submitted to us by our readers. Send your very best shots to gallery@
SkyandTelescope.com. We pay $50 for each published photo. See SkyandTelescope.com/aboutsky/guidelines.

<<« THE SPLINTER GALAXY

Bob Fera

Located in the southern area of Draco, NGC
5907 is a warped spiral galaxy known to be sur-
rounded by faint tidal streams of stars.

Details: Officina Stellare RC-360AST 14-inch
Ritchey-Chrétien astrograph with an Apogee Alta
U16M CCD camera. Total exposure was 5¥3 hours
through Astrodon color filters.

A BRILLIANT NORTHERN SPIRAL

Warren Keller

Among the largest galaxies in Canes Venatici is
M106, a Seyfert galaxy that displays a bright core
and an extended halo of young bluish stars.
Details: 10-inch RCOS Ritchey-Chrétien astrograph
with an ATIK 11000C CCD camera. Total exposure
was 13¥5 hours.

<« GALACTIC GHOSTS

Lynn Hilborn

Located along the plane of the Milky Way,
Cepheus is home to a large number of nebulae,
including van den Bergh 141, a thick knot of dust
known to contain a cluster of embryonic stars.
Details: Telescope Engineering Company APOI40ED
refractor with an FLI ML8300 CCD camera. Total
exposure was 13Y3 hours.

» ECLIPSE OF THE MIDNIGHT SUN
Arne Danielsen

The June 1st partial solar eclipse is seen gracing

the skies near local midnight over the strait of
Tromsgysundet at Tromsg, Norway.

Details: Canon EOS 5D Mark II DSLR with
70-200mm lens at 70-mm. HDR composite of 11
images ranging from Y2000 to ¥z second.
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A SCORPION DUST

by Alistair Simon

Often passed over by astrophotogra-
phers for the famous Rho Ophiuchi
region 3° to its southwest, vdB 102 is
a delicate reflection nebula within a
large dust cloud permeating most of
northern Scorpius.

Details: Takahashi TOA-130 refractor
with an SBIG STL-11000M CCD cam-
era. Total exposure was about 9%2 hours
through color filters.

» NORTHERN DISPLAY

Andrew Keen

Mid-autumn auroras such as this bril-
liant display are frequent occurrences
above the Arctic Circle. 4

Details: Canon EOS 5D Mark II DSLR
camera with 24-mm lens. Exposure time
was 4 seconds at ISO 100.

@ Visit SkyandTelescope.com/gallery for more gallery online.
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Transit of Venu

HAWAII - N

[7]

http://InSightCruises.com/Transit

Experience the 2012 Transit of Venus in an Otherworldly

Setting. Join Sky and Telescope’s Editor in Chief Robert Naeye on the
Aloha State’s astronomy-oriented Big Island for a memorable transit expedi-
tion. We'll stay at the four-star Waikoloa Beach Marriott Resort & Spa,
home to gracious Hawaiian hospitality, exotic scenery, and classic sun-
sets. Naeye sets the scene with presentations on transits of Venus and the
latest in planetary science. Transit day you’ll head up Mauna Kea above
the clouds (with excellent prospects for perfect weather) to 9,300 feet,
based near the Onizuka Visitor's Center and the viewing sites of Hawaii's
astronomy clubs. You can opt to ascend to Mauna Kea’s observatory-clustered
peak at nearly 14,000 feet, visit the Keck Observatory’s giant telescopes,
and take in an unforgettable view of the transit’s progress.To ice the cake,

52012

& TELESCOPE

=The Asteroid Impact Threat
= Cassini at Saturn, Part 1: The Planet & Rings
= Cassini at Saturn, Part 2: The Moons

DAY 3: June 5

Transit Day — Welcome to
the Keck Observatory

Today we climb Mauna Kea to the summit,
to the Keck Observatory (pictured above),
at nearly 14,000 feet of elevation, to
observe the transit. Above the cloud ceiling
we're practically guaranteed to have clear
skies and a perfect view. For those sensitive
to very high altitude, we will also be observ-
ing from the Mauna Kea VIS (aka Onizuka

June 6 we'll visit Keck Observatory headquarters in Waimea and learn
about Keck’s current endeavors, plus get a privileged behind-the-scenes
look at Keck’s command-and-control center.

When it’s time for transit viewing, go where the pros go — Mauna Kea,
with Sky & Telescope. Reserve your adventure now by visiting
http://InSightCruises.com/Transit or call InSight Cruises at 650-787-5665.

Aloha!

DAY 1: June 3

Arrive Kona

Upon your arrival at Kona, you'll grab a taxi
to our hotel and conference center, the
luxurious Waikoloa Beach Marriott Resort &
Spa. This evening there will be a welcome re-
ception (7pm) where you will enjoy cocktails
and light hors d’oeuvres.

LGN .

o e

Visitor's Center) at 9,300 feet.

The day’s itinerary:
= 10:00am: Depart Waikoloa Beach Marriott
= Noon: Arrive VIS, picnic lunch served
= 12:10pm: Venus first touches the Sun
= 1:00pm: Group departs VIS for the
Observatory on Mauna Kea
= 4:00pm: Afternoon snack
= 6:45pm: Transit ends, group departs VIS
= 8:15pm: Return to Marriott
= 8:30pm: Celebration reception
and dinner

DAY 4: June 6

Keck Headquarters

This morning we take a 30-minute bus
drive to the Keck Observatory headquar-
ters in Waimea. We'll hear two lectures
by prominent astronomers, “scope out”
the Keck telescopes on the Mauna Kea
summit (through a telescope in the lobby
of the headquarters), and spend some
quality time in the

unique gift shop.

DAY 2: June 4

Full Day of Classes
Waikoloa Beach Marriott

Learn all about Transits of Venus, past
and present, from Sky & Telescope Editor
Robert Naeye. He and other famous
astronomy speakers will be delivering
several talks over the next couple of days.
In addition to the talk described below,
other scheduled talks include:

=The Hubble Space Telescope’s Greatest
Scientific Achievements

PRICING: Garden/Mountain View: $1,999 pp; Pool View: $2,199;
Ocean View: $2,499; please inquire for Suite pricing. All pricing is
per-person based on double occupancy. Single supplement: $700
for Garden/Mountain view; $750 for Pool or Ocean View rooms.
Single rates are capacity controlled and subject to change or
withdrawal (prior to a confirmed booking) at any time. A $600-per-
person advance payment along with a completed reservation form
confirms your space. For full terms and conditions please visit:
http://InSightCruises.com/top_g/st03_top.html#tabs-8 . For more info,
contact us at 650-787-5665 or Concierge@InSightCruises.com .

AIRPORT

Kailua-Kona

What'’s included: = Four hotel nights (including all taxes) = Six educational
classes = Round-trip transportation to the summit of Mauna Kea

= Round-trip transportation to the Keck Observatory headquarters in
Waimea = Lunch and snack on Mauna Kea on June 5 = Arrival cocktail
party on June 3 = Celebration
cocktail reception and dinner

at the Marriott on June 5. [[]E

(STH 206538040 THE JOURNEY WITHIN 0255 10 15

WAIKOLOA BEACH
MARRIOTT RESORT

The next Venus transit
won’t be until
December 2117...
106 years from now,
DON'T MISS THIS LAST-
CHANCE OPPORTUNITY!

The day’s itinerary:

= 8:30am: Depart Waikoloa Beach
Marriott Resort

= 9:00am: Arrive at Keck Observatory HQ for
two 90-minute presentations and tour

= 12:30pm: Depart Keck Observatory HQ

= 1:00pm: Arrive at Waikoloa Beach
Marriott Resort

= Relaxed afternoon on the Resort property

DAY 5: June 7

Fly Home Depart from KOA Airport

Optional Tour
to the ‘Imiloa
Astronomy Center

‘Imiloa Astronomy Center
of Hawai'i is an astronomy
and culture education
center located in Hilo,
Hawaii. It features exhibits and shows dealing
with Hawaiian culture and history, astronomy
(particularly at the Mauna Kea Observatories),
and the overlap between the two. (June 8)

Itinerary for The ‘Imiloa Astronomy Center:

= 8:30am: Depart Waikoloa Beach
Marriott Resort

= 10:00am: Arrive at ‘Imiloa Astronomy
Center for a private “insiders”
presentation, a planetarium show,
and time to roam the exhibits

= 12:30pm: Lunch in Hilo

= 3:00pm: Depart the ‘Imiloa Astronomy
Center

= 4:30pm: Arrive at Waikoloa Beach
Marriott Resort

= Farewell cocktail party

KECK OBSERVATORY
HEADQUARTERS

KECK
OBSERVATORY

MAUNEA KEA
VISITORS CENTER

IMILOA
(1) ASTRONOMY
3 CENTER

HAWAII VOLCANOES
NATIONAL PARK

Arrive Kona:
Day2:

Day3:

Day 4:
Optional Day 4:

20 Miles
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ACCESSORIES

Howie Glatter' s Lasers

hockproof-Individually Tested
15 arc sec.beam alignmeny

Barlow attachment

owed Laser Plug (pat. pend.)

ignment Tool

Collimators & Accessorie:
Hand Machined t

\ _ Intelligent Design ?

A -y

Or just the natural evolution
_ of Nils Olof Carlin's
/ Barlowed laser method ?

You are invited to join the search for. an answer

e LISA
r'EE High Luminosity
NETRUMENTS | Sl spectlrograph 1
Lhires II1 #
High Resolution t‘f’ sl i
spectrograph 3 L sant?
ng t o> =

www.SHELYAK com

VERNONscope &z Co.

Flat-Top Brandons Ready
Phone: 607.659.7000

vernonscope.com
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Your essential source for
astronomical products

ACCESSORIES

bigbineculars.cem

Astronomical binoculars (40mm - 150mm)
and accessories at down-to-earth prices.
Visit our online store at-
www _bigbinoculars.com
or call toll-free 9:00am to
5:00pm (EDT) -
B866-BIG-BIND (244-2460)

cO=
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" ScopeStuff

Telescope Accessories & Hardware

World's largest inventory of telescope accessories,
adapters and hardware. Free shipping in the USA!

www.scopestuff.com  512-259-9778

ULTIMATE
TOOLBOX

FOR IMAGERS

SOFTWARE SAVVY,
BOOK SMART!

For details in depth visit willbell.com

-
UltraWide 2” DSLR
Prime Focus Adapters
for Canon EOS/Rebel, Nikon, Sony Alpha, Pentax
Olympus Evolt, 4/3 System Cameras. From $69
s - ~

Wy T

Digi-Kits for most 1.25" SLR/DSLR
Digital Cameras Prime Focus Kits
\___ from $44.95 from $34.95 )

oQ
1.25" Variable

~

8
o
1.25" Eyepiece
Projection Kits EP Projection Kits
\___from $44.95 \___ from $64.95 )
Use coupon code SKY for 10% off!

\www.TelescopeAdapters.com),

ACCESSORIES

Simplify your CCD imaging

« Tru-Balance LRGB imaging filters

- 3and 5 nm narrowband filters (H-a, O, Sli, Nil)
+ 100% coated Sloan & UVBRI photometric filters
« MOAG, MonsterMOAG off-axis guiders

- TAl rolled rotator

www.astrodon.com

ﬂ\“ Astrodon®

Foster Systems

Serving astronomers and observatories worldwide

,—,‘ *Rain/Snow alert

~ v +*Cloudy/Clear sky alert
*Dewing/Wind Speed alert
*USB and ASCOM compliant

(a \
% SPECTROSCOPES
EACHERS AND AMATEUR ASTRONOMERS
Visual Star Spectroscope $199
Visual / Photo /| CCD Model $249
Toll Free: (866) 697-3840, Free Brochure
Raingow Oprics
www.5StarSpectroscope.com

\ 2116 Regent Way, Castro Valley, CA 94546 (510) 278-0361

UNIVERSITY OPTICS, INC.

P. O. Box 1205
Ann Arbor, Michigan 48106-1205

For over 50 years, your source for
camera quality Japanese optics

Planetary Orthoscopics
70-80° Oculars
Aluminum Mirror Cells
Online Store
www.universityoptics.com

Call for FREE CATALOG
800-521-2828




ACCESSORIES

Order on-line at:
www.meridiantelescopes.com
We carry: Serving ATMers Since 1999

Mirror Cells, Spider Vanes
Focusers, Finderscopes, Telrads
Eyepieces, Diagonals, Barlows
Laser Pointers, Collimators,

Kydex. Threaded Inserts and More!!

Bob's Hnobs

Meade, Celestron, Intes,
Takahashi ...and more!

6976 Kempton Rd.
Centerville IN 47330

765-855-5109 USA
www.bobsknobs.com

TERSON % X
NGINEERING CORP.
www.petersonengineering.com 401-245-6679

MEADE SCT
UPGRADES
* EZ Focus Kit

+ EZ Clutch Kit

+ Buck's Precision Gears ¥
* Buck’s Drive Tune-Up kit
+ EyeOpener

+ 2-inch Tube Adapter

*» Mounting Assistant

+ EZ Balance on-axis counterweight

+ Azimuth Arm Bias Weight Ve,
+ Get-A-Grip ergonomic handles

« Tripod Shrink Kit

EZ BINOC
MOUNT KIT

*

5-axis outdoor mount 3
handles all size binoculars. .
View standing, sitting or
reclining. $106.95

Tliﬁ?!ﬂn&s?%ndalom uider since SBIG's ST-4
- full exposure control of EOS cameras

- Dithering with Maxim DL Pro and CCD camaras
- Binning mode : Guiding with a finderscope

Tsflat2

- flattened field for every
refractor from f/5 to f19

- 120mm working space

= 2" filter threat

- fits to every 2“ focuser

Also in 2,5inch and Jinch version
for larger camera sensors

Phone: +49 (0)89-1892870 » info@teleskop-service.com

Now Build your own
custom adapter at

www.preciseparts.com
PRECISEPARTS

CUSTOM PARTS FOR ASTRONOMY

305 253-5707
info@preciseparts.com

ACCESSORIES

OPTIC-CRAFT MACHINING
33918 Macomb, Farmington, Ml 48335
248-476-5893 FAX: 248-919-9867
Manufacturer of Clock Drives from 56" to 32" "
diameter gears; AC, DC, Stepper motors & GO-TO .
controllers  from $440 to $4800 and Equatorial
Mountings from 1" to 6" shaft diameters with a range

of accessories from $300 to $12,000. Serving the
Astronomical community for the last 26 years.

www.OpticCraft.com Email: Info@0pticCraft.com

CCD EQUIPMENT

Starfish Guide Camera

+ 1.3 Mpixel

» ST-4 Port

+ 12 Mpix/sec
* Mac/PC

fishcamp
. engineering
p www.fishcamp.com

Advertise in the Marketplace of S&T!

Ad Space Close:
Ad Material Close:

SKY

& TELESCOPE

CONTACT LESTER STOCKMAN AT
PHONE: 617.758.0253
FAX: 617.864.6117

COMPUTER SOFTWARE

UNIVERSE
ON DISK

AND WHAT AN /
INTERFACE °

.A.=_..'.“A'

i Al for Wndows.

5’%1

For details in depth visit willbell.com

Deep<Sky Planner

Advanced observation planning

1+ million objects, Telescope control
Full-featured open observing log

Use with Redshift, Starry Night, TheSky
www.knightware.biz

Learn more at:

DRIVES /| MOUNTS

Mathis Instruments

Fork and German mounts designed for
observatory telescopes to 24-inch aperture

MI-1000 Fork Mount

www.mathis-instruments.com

MISCELLANEOUS

Fine Meteorite Jewelr

1n
Gold &,
Platinum #&*

www.JewelryDesignsforMen.com

Authors Wanted

If you can write a book that other amateur
astronomers will find useful, our client, a US-
based international publisher, has a contract waiting
for you. This is a genuine search for new amateur
astronomy authors — contact us to find out more!
Email: astrobooks@yahoo.com

SkyandTelescope.com October 2011 81




OPTICS

Why settle for anything less than the best for your mirror?

Optical Coatings
Parabolic Mirrors
Testing
Refiguring

www.OptchaveLabs.com

FAST OPTICS -16%, 24", 30” F/3.3-F/3.7

Short Focus Newtonian/Dobsonian Mirrors
Use with TeleVue Paracorr Type/2
for Large Coma Free Flat Field
Glass in stock for short lead time
INTERMOUNTAIN OPTICS 801-651-0531
4880 Center Street Salt Lake City, UT 84107
ioptics@xmission.com www.ioptics.us

ORGANIZATIONS

SIRIUS'

OBSERVATORIES

« Complete Observatory s Manual, Motorised or
(2.3m,3.5m,5.0m,6.7m Computerised (ASCOM  pegigned & Manufactured
diameter). Compatible) Rotation in Australia and shipped to
« Dome Only. and/ or Shutter Operation.  anywhere in the world!!
* Stainless Steel Fittings. * Completely Waterproof.

www.siriusobservatories.com Free DVD (while stocks last) info@siriusobservatories.com
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Cellular Mirror Blanks
* Lighter Weight
» Lower CTE 2.8
» Faster Acclimation

]
dvanced-: e :
Cellular, lass =~ |

LLC ndustries

Dream

Custom Engineering
610-365-2
www.dreamcellu

Exclusive Distributor
0

OBSERVATORIES | DOMES

Hate to Rotate?

Discover why our clamshell
domes are simply the best

solution. (7ft to 20ft Diameter)

949.215.3777
www.ASTROHAVEN.com
domesales@astrohaven.com

HOME-DOME AND PRO-DOM
+w OBSERVATORIES '

32

PROFESSIONAL'DESIGN — AMATEUR PRICE
* 6',10" and 15' Diameter CloudWatcher
* Stand-alone or On Building Low cost, accurate
* All Fiberglass system to detect
* Easy Assembly cloud cover, light levels

* Manual/Computer Automated | and first traces of rain.

* Full Height/Handicap Access With DDW interface.

* Priced from $3,295 www.cloudd ion com

Call or write for a FREE Brochure

TECHNICAL INNOVATIONS

Phone: (301) 977-9000 | Fax: (301) 977-1106 | www.homedome.com

TELESCOPE DEALERS

KHAN SCOPE CENTRE

Our 25th Year!
Celestron - Meade - QOrion - Tele Vue « SkyWatcher
William Optics - Denkmeier « Antares + Coronado - Lunt
Lumicon - Astrozap - Officina Stellare - Mallincam - QSI
Moonlite - Hotech « Vixen - Baade - ADM - iOptron
Kendrick - Farpoint - Antares - Astrotrac
& NEW « USED - TRADE-INS

1-800-580-7160 www.khanscope.com

TELESCOPES

Authorized dealer: Vixen, Orion, Celestron, Meade,
Tele Ve, Fujinon, Adlerblick, Home-Dome
Books, Charts, Software,
Service o Repairs » Private Lessons
Free instruction at night with every telescope purchase.

The Observatory, Inc.
17390 Preston Rd. #370
(2 Traffic Lights North of Campbell Rd.)
Dallas, TX 75252 (972) 248-1450
www.TheObservatorylnc.com

AG Optical

Premlum Newtonian and Imaging

Dall Kirkham Astrographs
info@agoptical.com 256-541-0218
www.agoptical.com

TELESCOPES

*| SEE US AT PATS
SEPTEMBER 17-18 2011
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ASTRO-PHYSICS

Experience-the ultimate in qualitj
instruments for discriminating
observers and astrophotographers.

Telescopes, Go-To German Equatorials,

TELESCOPES

THE NEW SVvQ DUAL FLUORO

CLASSIFIEDS

Classified ads are for the sale and purchase of
noncommercial merchandise, unique items, or job
offers. The rate is $1.50 per word; minimum charge
of $24; payment must accompany order. Closing date
is 15th of third month before publication date. Send

Visual and Photographic Accessories

: to: Ad Dept., Sky & Telescope, 90 Sherman Street,
Unparalleled Se nd Support

Cambridge, MA 02140.

Experience the legend that is FOR RENT: Beautiful fully furnished 3BR/2BA adobe
home in Arizona Sky Village in Portal, AZ. Observe

ASTRO'P HQYS’Q? ! 3 under the darkest, clearest, most transparent skies in

it o ZIR , e i ' the Lower 48! Contact irkitzman@gmail.com, 520-203-
: ) ;SRR 8500, www.arizona-dreaming.com.

PARADISE ASTRONOMY: 40 acres located in
Southern Arizona. 40 x 80-ft insulated steel building,
living area, garage, workshop, 200 amp service,
excellent well, two septic systems, RV parking, $360K.
520-398-2722, W7UO@Hotmail.com.

| (160mm 7.5
“StarFire EDF

AUTHORS/SOFTWARE DEVELOPERS: is your
passion astronomy and would you like to see your
work published by Willmann-Bell? If so, let's explore
the possibilities. Call 1-800-825-7827 or write PO Box
g 35025, Richmond, VA 23235.
(— STELLARVUE

WWW.STELLARVUE.COM
11820 KEMPER ROAD
AUBURN, CA 95603
PHONE: (530] B23-77396
MAIL@STELLARVUE.COM

WANT TO ADVERTISE IN THE MARKETPLACE?
Call Lester Stockman at (617) 758-0253
or email: Istockman@skyandtelescope.com

Machesney Park IL 61115, USA
Ph: 815-282-1513, Fax: 815-282-9847
www.astro-physics.com

4 ' T i A - @D s P cassini Division . 7 .

- THE ESSENTIAL MAGAZINE OFASTRONOMY

S&T Test Report:

3 Low-Cost Telescopes p.s2
Improve Your Imaging:
Demystifying Flat Fields p.72

to Sky &T elescope
~and SAVE 47% OFF sy
the newsstand prlce—and ” +
recelve 12 blg issues, ’ %

» Wioes's Bt DIUOES

foistviews
& TELESCOPE

Plans for the
coming decade

Current Binocular High
& TELESCOPE

Visit SkyandTelescope.com

Visit www.SkyandTelescope.com/subscribe. +

ULLILLLIELEEE e

(™ CELESTRON

Let's Go |

Star 037‘ ng. 1 Let's Go Stargazmg, your guide to getting started in

astronomy and getting the most from your telescope.

2 Messier and Caldwell Observation Cards, your guide to
finding the night sky’s most spectacular sky clusters,
galaxies and nebulae.

3 Our Skygazer's Almanac, your guide to celestial events
for the next year.

4 HubbleSite Lite, an interactive site where you can
explore Hubble’s discoveries and learn more about
the telescope’s operations.
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BINOCULARS

Celestron (Page 11)
Celestron.com

310-328-9560

Meade (Pages 7, 88)
Meade.com

800-919-4047 | 949-451-1450
Orion (Page 17)
OrionTelescopes.com
800-447-1001 | 831-763-7000

CAMERAS

Apogee (Page 9)
CCD.com

916-218-7450

Celestron (Page 11)
Celestron.com
310-328-9560

FLI (Page 55)

FLIcamera.com
585-624-3760

Meade (Pages 7, 88)
Meade.com

800-919-4047 | 949-451-1450
Orion (Page 17)
OrionTelescopes.com
800-447-1001 | 831-763-7000

EYEPIECES

Astro-Tech (Page 47)
Astronomics.com
800-422-7876 | 405-364-0858

Celestron (Page 11)
Celestron.com
310-328-9560

Explore Scientific - Bresser (Page 51)
ExploreScientific.com
888-599-7597

CALIFORNIA

Oceanside Photo & Telescope
(Page 59)

Optcorp.com

800-483-6287

Orion (Page 17)
OrionTelescopes.com
800-447-1001 | 831-763-7000

Woodland Hills (Page 10)
WHTelescopes.com
818-347-2270

To advertise on this page, please contact Lester Stockman at 617-758-0253, or Ads@ SkyandTelescope.com

Meade (Pages 7, 88)
Meade.com

800-919-4047 | 949-451-1450
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OrionTelescopes.com
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Pro Optic (Page 41)
Adorama.com

888-223-2500
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Astronomics.com
800-422-7876 | 405-364-0858

Tele Vue (Page 2)
TeleVue.com
845-469-4551

VERNONSscope (Page 80)
Vernonscope.com
607-659-7000

FILTERS
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Astrodon.com

Celestron (Page 11)
Celestron.com
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FLIcamera.com
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HandsonOptics.com
866-726-7371
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FLIcamera.com
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MOUNTS

Celestron (Page 11)
Celestron.com
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iOptron (Page 5)
iOptron.com
866-399-4587

Mathis Instruments (Page 81)
Mathis-Instruments.com
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800-447-1001 | 831-763-7000
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PlaneWave.com

310-787-9411

Software Bisque (Page 87)
Bisque.com

303-278-4478
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TeleVue.com
845-469-4551
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IN THE NEXT ISSUE

BOTTOM: NASA/]PL-CALTECH/UCLA/MPS/DLR/IDA; 70TH LOGO DESIGN: S&T: GREGG DINDERMAN; TOP: SLOAN DIGITAL SKY SURVEY

Galaxy Zoo
By turning to legions of citizen scientists,
astronomers have gained new insight into
the evolution of galaxies.

Growing Up K2 ARo 4 4
with S&T

Two insiders look
back and explain
why the origin

of Sky & Telescope
magazine was truly
a family affair.

The Moon and Frankenstein

An astronomical investigation resolves
lingering questions surrounding the origin
of Mary Shelley’s classic horror novel.

Dawn at Vesta

NASA’s Dawn spacecraft is giving planetary
scientists their first close-up look at a large
main-belt asteroid.

On newsstands October 4th!

SkyandTelescope.com
800-253-0245



i YN IIa Arne Henden

The organization’s director anticipates an exciting century ahead.

THE ARTICLE ON PAGE 30 provides an
excellent synopsis of the past 100 years of
the American Association of Variable Star
Observers (AAVSO). What should be the
organization’s future strategic directions?

Interestingly, the AAVSO was born
during a great era of all-sky surveys, made
possible with photographic plates taken by
the Harvard College Observatory. We're
entering a new era of all-sky surveys, led
by the amazing Large Synoptic Survey
Telescope. LSST will issue thousands of
transient alerts every night, most
of them so faint that follow-up will
require the world’s largest tele-
scopes. But professionals expect
dozens to be so bright that their
detectors will saturate, so they
will have no idea how bright the
objects really are. Current surveys
are also turning up interesting
objects, most of which are not
being followed up.

Amateurs will again be called
upon to study these objects, since
they have enough telescope time
to monitor them. LSST will also
rely on “crowd-sourcing,” where
humans will be needed to clas-
sify the transients or eliminate
instrumental artifacts — much
like Galaxy Zoo did with galaxies
imaged by the Sloan Digital Sky
Survey. Anyone with a computer,
an internet connection, and some
database expertise can data mine
these surveys.

Amateurs are also starting to
use commercial spectrographs,
providing a new window for
long-term monitoring of vari-
able objects. Another innovative
development is the use of DSLR

TOM PHILBROOK
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cameras. These affordable devices can
provide a permanent digital record of the
heavens, useful for monitoring the entire
sky every night (April issue, page 64).
Visual observers will still be needed,
but for the highest scientific value they
will need to perform specific observa-
tions — watching for an outburst of a
rare class of star, making time-critical
observations when robotic facilities might
be clouded out, measuring the brightness
of close optical doubles, and so on. Just as
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professional surveys have nearly elimi-
nated amateur asteroid discoveries, and
digital techniques have supplanted visual
discoveries of novae and supernovae, ama-
teurs need to be flexible and understand
that as some doors close, others open up.
Demand for visual observations will tran-
sition in new directions.

The AAVSO'’s role will remain much
as it has for the past century. We will
educate amateurs (and professionals!) in
proper methods to obtain the most scien-
tific value from their equipment
and observations. We will bring
astronomy to the public, and show
that science can be exciting. We
will utilize the modern media to
attract talented young people into
the variable-star field.

Astronomy is filled with innova-
tors who utilize smart phones
for scientific observations, who
write control software for robotic
telescopes, who find applications
for low-cost cameras, and who
make use of technology developed
for the gaming community to cre-
ate high-powered computers for
theoretical modeling. I don’t see
any of this activity changing in the
near future, and I'm making sure
that the AAVSO invests consider-
able effort in keeping abreast of
the changing world and continues
to provide a useful service to the
astronomical community. Besides,
this is fun stuff, and I want every-
one to hear about it! 4

Arne Henden is the Director of the
AAVSO. Visit SkyandTelescope.com/
AAVSO to watch an interview with
Dr. Henden.



The Paramount MX goes
wherever astronomy takes you.

Carries 14-inch (.35 m) class telescopes
with all the accessories — 90 lb (40 kg)
total instrument capacity

Paramount ME-like homing,

tracking, slewing and pointing

performance

Rapid polar alignment using the
optional polar alignment scope

Includes TheSkyX Professional
Edition and TPoint for Mac

GEM design can track and slew or Windows

2 hours past the meridian
without flipping sides

Flip a switch to engage,
balance or lock the gears

At 50 lb, the MX is ideal
for both portable use and
permanent installation

AND LE E

SEE US AT PATS
( $8 500 ) SEPTEMBER 17-18 2011

Introducing the Paramount MX - Space to go.

Tue RosoTic TELEscoPE MouUNT ENGINEERED To Go WHERE You Go.
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FIND YODUR SPACE BISQUE.COM

Software Bisque, Inc. 912 Twelfth Street Golden, Colorado 80401



OBSERVATORY CLASS TELESCOPES

(EVEN IF YOU DON'T HAVE AN OBSERVATORY)

THE MEADE 20" MAXMOUNT
AND 16" LX200-ACF

PUT RESEARCH-GRADE SYSTEMS
WITHIN YOUR REACH

L&a Unmatched, these two observatory-class
. powerhouses offer features and performance

; demanded by the world’s premiere research
facilities, but at a price that’s within your
budget. To be selected by so many institutions,
universities and professional observatories
your instruments need to exceed the very
demanding expectations of professional
researchers. These field-proven workhorses
deliver with feature-packed performance, some of
which are not available anywhere else at any price.

These telescopes feature the Advanced Coma-Free® (ACF)
aplanatic optical systems, oversized Pyrex® primary
mirrors, giant robotic mounts — capable of carrying
whatever instrument packages you need — and a
state of the art on-board computer with a 147,541
object database and built-in Smart Mount™ (SMT)
flexure-modeling software. You get all this at a price
that might only get you an optical tube from another
manufacturer. Best yet, many of the features and
the innovative thinking found in these premiere
instruments can also be found throughout Meade’s
extensive line of astronomical telescopes.

With credentials like this, the Meade 20" MaxMount
and 16" LX200-ACF are the perfect choice

for your backyard observatory —

or a really good reason to build one.

For more information on these
and our complete line of telescopes,

£ / | %, visit meade.com or scan the QR code
7, 3 with your smart phone.
|
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