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S&T’s Topographic
Moon Globe

THIS IS A MONTH with good news and bad news. I'll start with the

S&T: DENNIS DI CICCO

good: a beautiful S&T topographic Moon globe has just gone on sale.

You might remember that earlier this year we produced a new Moon
globe based on 15,000 images from NASA’s Lunar Reconnaissance
Orbiter (June issue, page 6). That globe has been such a big success in
terms of customer interest and satisfaction that it compelled us to pro-
duce another LRO Moon globe in partnership with Replogle. This time,
the globe is based on LRO altimetry data rather than camera images.

We're very proud of the result: Sky & Telescope’s Topographic Moon
Globe. As you can see on page 75, this 12-inch-wide globe is color-coded to
highlight the dramatic variations in lunar elevations. Impact basins and
deep craters show up clearly in blue, whereas high peaks and rugged ter-
rain are colored white, red, and orange. Basins that are virtually invisible
in the earlier Moon globe jump right out in the topographic version. The
huge South Pole—Aitken Basin is particularly dramatic (see the image in
the June issue, page 21). The new globe has about 850 labeled features.

Developing these globes and ensuring their accuracy has been a team
effort. But special commendations go to illustration director Gregg Dinder-
man, senior contributing editor Kelly Beatty, imaging editor Sean Walker,
and production manager Mike Rueckwald. We also thank our friends on
the LRO mission, at the U.S. Geological Survey, and at Replogle.

Now the bad news. My colleagues and I are mourning the September
3rd passing of William Shawcross (1934-2012). As my colleague Dennis
di Cicco points out, Bill’s byline appeared
infrequently in S&T, but he was a seminal
figure in this magazine’s history from the
time he joined the editorial staff in 1956 to
his retirement in 1991. During that period,
he served the magazine in many capaci-
ties, including managing editor of S&T and
president of Sky Publishing Corporation.
Bill was a man of many talents; he helped
in advertising sales, copy-editing, fact
checking, computer technology, design,
and even snow shoveling. As Dennis wrote
in a web obituary (skypub.com/Shawcross),
“Bill’s death is a significant loss for those of
us who knew and worked with him for many years, and it closes a chapter
on one of the magazine’s most important eras.”

Frtet Va
Editor in Chigg?ﬂ/
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Misquote in Misquotes Article?
The entertaining article by Dave English,
“Misquotes in Astronomy” (August issue,
page 26), begins with the remark Galileo
Galilei allegedly made after recanting his
support of the Copernican theory. English
wrote that the quote was “eppur si move,”
but in Italian the quote would be “eppur si
muove,” from “muovere.”

In my opinion, it doesn’t really matter
whether Galileo actually said the phrase
or not. It’s a splendid story of a perse-
cuted man’s integrity, maintained despite
formidable opposition. It’s a myth not in
the trivial sense of a “lie,” but a myth that
captures an exemplary human experience.

D. C. Riechel
Columbus, Ohio

Editor’s Note: There are a _few versions of
Galileo’s famous quote. In modern Italian,
the quote would be “eppure si muove.”
However, the original quote that appeared in
Giuseppe Baretti’s 1757 The Italian Library
was “eppur si move.” Baretti might have
been quoting Galileo in the Tuscan dialect,
in which “muove” becomes “move” (“move”
appears in some Italian dialects but is con-
sidered a more vulgar form of the proper Ital-
ian “muove”). It’s also possible that Baretti
simply made a mistake.

Thanks to Dave English for his infor-
mative piece on famous misquotes in
astronomy. The translation of Konstantin
Tsiolkovsky’s quote, though, could use a

8 December 2012 SKY & TELESCOPE

further tweak. The Russian word “razum”
in this context is best rendered as “reason”
or “intellect,” not “mind.” And because
Russian lacks definite and indefinite
articles, we have to deduce from context
whether he meant “a” planet, as in any
planet, or “the” planet, as in Earth. Clearly
the latter was his intended meaning, so
the quote is perhaps best translated as
“Earth is the cradle of reason, but one can-
not live forever in a cradle.”

Robert Gillette

Ossipee, New Hampshire

Editor’s Note: Another Russian speaker noted
that the second “cradle” in Tsiolkovsky’s
quote is actually plural; he offered the render-
ing, “The planet is the cradle of reason, but it
is impossible to live eternally in cradles.” Our
discussions with readers on these translations
have delighted us.

Double Stars and Observing

I especially enjoyed your September issue
with Sissy Haas’s article “Finding the
Limit for Uneven Double Stars” (page 68)
and Gary Seronik’s article “Easy Reflec-
tor Collimation” (page 72). Sissy’s article
helped me feel more comfortable with
what I am able to see and record when
looking at double stars. Gary’s article put
me more at ease with my collimations and
with how much detail I am seeing and not
seeing with my 10-inch reflector. I am a
visual observer who is happy to open my
observatory only a couple times a month

and enjoy and record what there is to see.
This is all I have time for, but it’s enough.
Dick Mastin
Alto, New Mexico

In her article on double stars, Sissy Haas
mentioned that she knew of no observa-
tional study that had tested my predictions
for resolving double stars. I'd like to point
out that my empirical resolution formula
was actually based on Thomas Lewis’s
1914 analysis of the means of 159 pairs of
double stars and supplemented by my own
observations of 94 pairs, which I made
with four telescopes ranging in aperture
from 3 to 10 inches over a 20-year period
(1973 to 1993). Lewis’s data included obser-
vations made with 43 different telescopes
ranging from 4 to 36 inches in aperture.
Pairs from both Lewis’s and my analysis
included equal-bright and equal-faint
pairs, as well as unequal pairs (with a mag-
nitude difference of 3) and very unequal
pairs (magnitude difference 5).

A PDF download of my paper is avail-
able at http://bit.ly/RGUr5W. All the pairs I
measured are listed in the appendix.

The international double-star observing
group Spirit of 33 includes a project whose
purpose is to test my formula. The software
AstroPlanner, written by Paul Rodman, also
uses my unequal double-star limit. It may
be used to determine the difficulty of any
pair in any telescope, in any seeing state.
What still is needed is a careful analysis of
the eye’s physiology and how it leads to my
equation and to the Dawes limit. I and oth-
ers have been working on this question, but
there is a ways to go yet.

Chris Lord
Little Eversden, Cambridge, England

Another Look at the Canon 60Da

I was intrigued enough by Alan Dyer’s
review of the Canon 60Da DSLR (Septem-
ber issue, page 38) that I purchased one.

I decided to wait on buying remote cable

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.
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releases and long exposure timers until I
received the camera and had some experi-
ence with it.

I was pleasantly surprised to find that
Canon ships the camera with its EOS
Utility software that allows virtually every
function of the camera to be controlled
by a PC (or Mac) via a single USB 2.0
connection. I can sit at my computer and
remotely set up the camera, compose
the picture with a live-view picture on
my monitor, take the exposure (for up
to 99 minutes), download the file to my

PC automatically, and even use Canon’s
image software for analysis and manipu-
lation. My mount and telescope focus
were already controlled by PC; now I can
do everything needed to take an image
remotely from a PC while the camera
remains mounted to my telescope.

The EOS Utility software is easy to
install and operate, and its inclusion makes
the Canon 60Da a very user-friendly DSLR
astronomy camera.

Richard Finlon
Denver, Colorado

AR (ETEE G Roger W. Sinnott

December 1937

Mars Is Dry “The pres-
ent year was favorable
for an investigation of
the water vapor content
of the atmosphere of
Mars. A month or two
preceding opposition
the earth was approach-
ing the planet rather rap-
idly, at least rapidly enough for the water vapor
absorption lines of the Martian atmosphere to
be displaced (according to the Doppler-Fizeau
principle) to the violet of the telluric lines. No
Martian lines appeared, indicating to [Walter S.]
Adams and [Theodore] Dunham []r. that] less
than 5 per cent as much water vapor [exists]

as obtained in our own air. At a more favor-
able opposition, with Mars higher in the sky,
perhaps more will be learned about the region
over the polar caps, the present study being of
the center of the planet. But the possibility of
Martians closely akin to earthly creatures seems
to be out.”

Adams and Dunham’s work at Mount Wilson
began to put a damper on several centuries of wild
speculation. The idea that Mars might harbor
intelligent life wasn’t all that far-fetched at the
time, as Orson Welles's famous broadcast the fol-
lowing Halloween would demonstrate.

December 1962
Meteor Cloud? “At
approximately 8:53 on
the evening of August 3,
1962, while watching for
the Echo satellite, | saw
a most unusual meteor.
... Traveling northwest
through an arc of 80

degrees, it faded out just below the bowl of the
Big Dipper.

“This meteor was unusual in several
respects. Although only of 1st magnitude, it
appeared to have several times the apparent
diameter of Polaris. Its quality of light was
like that of a midday moon and not at all like
ordinary shooting stars. . . . Throughout, it
displayed a tail eight or 10 degrees long. . . .

This letter to the editor came from meteorite
authority Harvey H. Nininger (1887-1986).

December 1987
Demise of Earth “Most
astronomy texts explain
that some 5 billion years
from now the Sun will
turn into a red giant.
When it does, its size
will expand a hundred-
fold or more, engulfing
in turn Mercury, Venus,
and eventually Earth. However, little attention
has been paid to our planet’s fate thereafter.

“This question is posed and answered by
Jeff Goldstein (University of Pennsylvania). . .

. At maximum size, the Sun’s radius will only
be about 1.1 astronomical units, so our planet
will not be swallowed too deeply into the Sun’s
bulk. ...

“Once the Earth enters the solar atmo-
sphere it is subject to ablation, vaporization,
and orbital decay. Neglecting the first two
factors, Goldstein found that Earth’s orbital
radius would decay by 99 percent in less than
300 years. When the other factors are included
the picture looks even bleaker.”

Recent research (S&T: June 2007, page 32)
has made Earth’s fate less certain, albeit just
as bleak.
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EXOPLANETS I Kepler Spots a Tatooine Family
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Astronomers have discovered two
exoplanets orbiting the binary star system
Kepler-47, Jerome Orosz (San Diego State
University) and his colleagues reported
online August 28th in Science and
announced at the International Astro-
nomical Union meeting in Beijing. This
system is the first binary found to host
multiple planets.

The inner planet, possibly a rocky one
about three times the size of Earth, whiz-
zes around the host stars roughly every
50 days. The outer planet is probably a
gas giant slightly larger than Uranus and
takes just over 300 days to complete an
orbit. Ironically, it’s the gas giant, not the

This illustration shows a possible view of
the Kepler-47 binary star system, where two
planets — one Uranus-size world (left) and
one super-Earth (lower right) — orbit the
two stars, a Sun-like star and a red dwarf.

super-Earth, that lies in the stars’ “habit-
able zone,” the region where a rocky planet
with a thick atmosphere could have liquid
water on its surface.

The larger, brighter star in the system
is similar to the Sun in mass, girth, and
temperature; it’s 176 times brighter than
its companion, which is one-third its size.
Kepler detected the planets while monitor-
ing light from this Sun-like star, catching
18 transits of the inner planet and 3 tran-
sits of the outer world. Although Orosz
and his colleagues only saw the planets
transit the primary star, analysis suggests
the planets likely orbit both stars.

The two worlds are the fifth and sixth

MISSIONS | Space Probes Launched

On August 30th, an Atlas V rocket shot
two identical probes toward a region of
space most satellites dread to enter: the Van
Allen radiation belts. These two belts are
filled with trillions of charged particles,
some of them whipping around Earth at
nearly the speed of light. At those speeds,
even an electron can damage satellites.
But NASA has designed its Radiation Belt
Space Probes (RBSP) to thrive in this zone
of killer electrons.

The particles in the Van Allen belts

12 December 2012 SKY & TELESCOPE

come from the solar wind’s interaction
with Earth’s magnetic field; they’re also
produced when superspeedy charged
particles called cosmic rays (August issue,
page 16) crash into our planet’s upper
atmosphere. The belts’ shapes change with
solar activity as the interplay between the
Continued on page 14

The Radiation Belt Space Probes, one pictured
here in an artist’s illustration, will probe the Van
Allen radiation belts that circle Earth.

planets discovered via the transit method
to orbit both components in a binary
system, but Kepler-47 is the first observed
system to host more than one planet in
this configuration.

The discovery could pose problems for
theories of planetary formation. In the
standard picture, dust grains only a few
microns across fly thick and furious around
a newly formed star, smacking into one
another again and again until they start to
stick together, eventually creating planets.

But in binary systems, gravitational
tugs from the two stars should speed up
collisions so much that planet-forming
bodies should smash one another apart
instead of glomming together. “The disk
would basically grind itself down without
managing to form planets,” says Greg
Laughlin (University of California, Santa
Cruz), who was not involved in the study.
“Clearly that didn’t happen in Kepler-47.”

One possible solution is that the
planets formed farther out, where the
host stars exert a weaker effect, and then
migrated in via interactions with the left-
over material from the disk that formed
them. It’s also possible that gravitational
instabilities in the disk collapsed to create
the planets right where they are, circum-
venting the standard model.

H MONICA YOUNG

JHU / APL, NASA
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Continued from page 12

solar and terrestrial magnetic fields varies.
Astronomers have vague ideas of how these
changes work, but they need solid data on
what goes on when, and where.

“It’s like baking a cake,” says deputy
project scientist Nicky Fox (Johns Hopkins
Applied Physics Laboratory) of efforts to
predict the belts’ behavior. “You know
the ingredients, but you don’t know their
proportion in each given solar storm.”

Each octagonal probe weighs almost
1,500 pounds (680 kg) and carries five
instrument suites to study the belts’
structure and dynamics. The instruments
will tease apart the various mechanisms
that engage in a perpetual tug-of-war
with energetic particles in the charged,
doughnut-shaped region.

As the two spacecraft whizz around
Earth in highly elliptical orbits, they sam-
ple the full extent of the radiation belts,
tracking changes in different places at the

same time. That will help scientists under-
stand the effect of solar activity on the Van
Allen belts, which can grow to cross the
orbits of geosynchronous satellites during
strong geomagnetic storms.

RBSP instruments have already started
recording data and have caught the sound
of radio waves whistling through the radi-
ation belts. (Take a listen at www.skypub.
com/chorus.) The satellites have a two-year
primary science mission planned.

H MONICA YOUNG

GALAXIES | WISE Detects

Blazing Black Holes

There are hot dogs in the sky.

Astronomers using data from the
NASA Wide-field Infrared Survey Explorer
all-sky survey (July issue, page 16) have
discovered a new class of galaxies in the
distant universe. These galaxies are at
least 10 times brighter than extreme star-
forming galaxies and rival the brightest
active galactic nuclei (AGNs), galaxy cores
in which frantically gobbling supermas-
sive black holes spit out jets of plasma.

One of WISE’s main science goals was
to find the most luminous, dusty galaxies
out there, but WISE project scientist Peter
Eisenhardt (Jet Propulsion Laboratory)
says the new group of galaxies took them
by surprise. Instead of showing up in all
four WISE bands, the hyperluminous
galaxies are invisible in the two shorter
wavelengths — 3.4 and 4.6 microns — but
bright at 12 and 22 microns. The strong
22-micron emission likely comes from
warm dust that is either widespread
enough or thick enough (or both) to block
emission at shorter wavelengths from the
jet-shooting central black holes.

This dust radiates heat between 60
and 120 kelvin, three to four times the
temperature of the next brightest class of
infrared galaxies. The warm, black-hole-
enshrouding dust inspired team member
Jingwen Wu (JPL) to label the objects “hot
dust-obscured galaxies,” or hot DOGs.

The team found only about 1,000
hot DOGs among the 2.5 million AGNs
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This map from NASA’s Wide-field Infrared Survey Explorer shows the locations (magenta dots) of the
roughly 1,000 hot dust-obscured galaxies, or “hot DOGs,” detected by the spacecraft. In some cases,
the hot DOGs emit more than 1,000 times as much energy as our Milky Way Galaxy does.

detected by WISE, which were announced
with the hot DOGs in a NASA press con-
ference on August 29th and reported in
three papers in the Astrophysical Journal.

So far the team has measured distances
to 147 of the hot DOGs using follow-up
observations with other facilities, includ-
ing the Caltech Submillimeter Observa-
tory. Most of the sources cluster around
redshift 2 to 3, or within the universe’s
first few billion years of existence, when
cosmos-wide star formation reached its
peak. Yet although the hot DOGs are expe-
riencing bursts of star formation, starlight
makes up less than 10% of the galaxies’
total light. Starlight also can’t heat dust to
high enough temperatures to explain the
infrared glow. But gas-guzzling black holes
can produce an intense radiation field that
heats dust, so the hot DOGs’ central black
holes are likely to blame.

To explain the infrared light pouring
out of these galaxies, the central black
holes must either be among the most
massive black holes known or are gobbling
down gas at a higher rate than ought to
be physically possible. Eisenhardt and his
colleagues consider the latter scenario to be
more likely and say these galaxies might be
in a short-lived stage in their evolution.

AGN researcher Rachel Somerville
(Rutgers University) agrees that the hot
DOG phase is probably short-lived, maybe
less than a million years. It might turn on
when galaxies collide, which spurs star
formation and funnels gas and dust into
the black hole’s maw. But if true, black
hole activity should lag behind starbursts,
while in hot DOGs the activity seems to
come as star formation is just getting
started. Why that is remains unclear.

H CAMILLE M. CARLISLE
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COSMOCHEMISTRY | Space a Little Sweeter

A team of astronomers has found mol-
ecules of the simple sugar glycolaldehyde
in the gas surrounding a binary system
in the Rho Ophiuchi star-forming region.

The IRAS 16293-2422 system com-
prises a pair of protostars that have
coalesced from two collapsing clumps of
gas but that have not yet begun fusion
in their cores. The protostars are young
enough that they still hide inside their
natal cocoons, which glow from the pro-
tostars’ warmth as the stars contract.

An international team studied the
dusty cocoons with the Atacama Large
Millimeter/submillimeter Array (ALMA),
a world-class network of radio dishes
being assembled in Chile. Observing with
a subset of ALMA’s antennas, the group
detected about a dozen spectral lines that
clearly come from glycolaldehyde, Jes Jor-
gensen (Niels Bohr Institute, Denmark)
and his colleagues report in the Septem-
ber 20th Astrophysical Journal Letters.

The team’s ALMA data are truly
impressive, says Paul Woods (University
College London), who studies the forma-
tion of molecules in space. “They’re
achieving a factor of 10 better in sensitiv-
ity than observations made only a few
years ago,” he says. “This is astounding.”

Glycolaldehyde (HCOCH,OH) has
been detected

Molecules of a simple form 6fsugar (artist’s

Wide-field Infrared Survey Explorer.

MOLECULES: ALMA (ESO / NAOJ / NROA) / LUIS CALCADA (ESO); CLOUD: NASA [ JPL-CALTECH / WISE TEAM
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impression, inset) float in the gas surrounding a
young binary star in the Rho Ophiuchi star-forming
region, shown here in infrared as seen by NASA’s

twice before in space, in a giant cloud near
the Milky Way’s center and a massive star-
forming region called G31.41+0.31. IRAS
16293 and G31.41 contain many of the
same complex compounds, so finding the
sugar in IRAS 16293 was not surprising.
The amount of glycolaldehyde and
other molecules in IRAS 16293 matches
what’s expected if the sugar formed
on icy dust grains in the cloud. In cold
conditions molecules can “freeze out”
onto grains’ surfaces, just as frost forms
on leaves on a winter’s morning, Woods
explains. Once that happens, chemical
reactions can occur on the dust, forming
molecules such as glycolaldehyde. When
the protostars start glowing and warm
the grains, these ices evaporate into the
surrounding gas, where Jorgensen and
his colleagues detected the sugar.
Glycolaldehyde is a first step in a long
series of reactions to make ribose, the
backbone molecule of RNA. But even
if the sugar survives fusion kickoff and
planet formation, and even if conditions
one day favor ribose’s creation, there’s
still a long way to go from ribose to life.
H CAMILLE M. CARLISLE

Watch a zoom-in video pinpointing IRAS 16293
in the Milky Way at skypub.com/IRAS16293.

IN BRIEF

The United States Naval Observatory (USNO)
has released the fourth and final edition of
its USNO CCD Astrograph Catalog (UCAC4).
UCAC4 is a comprehensive star catalog of
about 113 million stars and includes all stars
down to about 16th magnitude, with proper
motions for most of those stars. The catalog
also includes data from the AAVSO’s Pho-
tometric All-Sky Survey (September issue,
page 18), matching up about half the UCAC
stars with AAVSO measurements. For stars
between 10th and 14th magnitude, positions
are known to within 20 milliarcseconds. The
current optical reference, the Hipparcos Cata-
log, reaches only 8th magnitude or so. The
next advance in this area will probably be from
the ESA’s upcoming Gaia mission. UCAC4 is
available through bit.ly/OFbDUJ.

B ROGER W. SINNOTT

The still-developing Event Horizon Telescope
(February issue, page 20) has resolved the
innermost structure of a plasma jet shooting
from the quasar 1924-292. The EHT team used
four telescopes at three sites to observe the jet
at 1.3 mm (230 GHz), and at this frequency the
jet appears to bend more sharply than it does
at higher frequencies, Ru-Sen Lu (MIT Hay-
stack Observatory) and colleagues report in the
September 20th Astrophysical Journal Letters.
The curvature probably looks far more dramatic
than it actually is due to the jet’s projection

on the sky, says quasar expert Alan Marscher
(Boston University). The result shows that the
EHT can now make crude images with a resolv-
ing power of tens of microarcseconds, more
than 1,000 times finer than visible-light images
from the Hubble Space Telescope.

B CAMILLE M. CARLISLE

After a brilliant landing by Curiosity (November
issue, page 20), NASA has announced that
Mars will also be the target for its next Discov-
ery-class mission, named “Interior Exploration
using Seismic Investigations, Geodesy and
Heat Transport,” or Insight. Insight will probe
the Red Planet’s formation history from both
ground and space using the Phoenix spacecraft
and lander design. The data it gathers should
reveal the size of Mars’s core and the planet’s
composition, possibly helping astronomers
understand how terrestrial planets form. ¢

B CAMILLE M. CARLISLE
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Cosmic Relief

David Grinspoon

Life on Saturn’s Moons!?

Two worlds will allow us to test contrasting views of planetary habitability.

How DO WE SEARCH forlife elsewhere? A com-

NASA / |PL-CALTECH / ASI

mon view is that we should seek planets with Earth-like
conditions and materials: liquid water, an energy source,
and organic molecules. I have explored an alternative I
call the Living Worlds Hypothesis. The idea is that life
is not simply an isolated phenomenon that can exist in
watery pockets on otherwise dead worlds, but is a prop-
erty of a world as a whole that both utilizes and trans-
forms planet-wide activity.

Either way, Mars remains the best place to search for
ancient life. After a primordial Earthlike phase, the Red
Planet has been inactive, preserving rusted rocks from an
era that has been almost completely erased from the terres-
trial record by the same restless interior and hydrosphere
that make Earth a living world. A geologically deceased
world such as Mars provides an advantage for seeking early
life, but may spell doom for the continuing presence of life.

What about finding life today? Two moons of Saturn
have emerged as places to search. Titan and Enceladus are
promising in different ways, which contrast two differing
views of the requirements for habitability.

Titan is shrouded in organic molecules that constantly
snow down on its surface and may be re-enacting the
chemistry that led to life on Earth. A liquid-methane cycle
forms clouds, lakes, and rivers that course over a relatively
young surface largely devoid of impact craters and girded
by vast organic dune fields. Methane gas feeds the organic
factory. In these global meteorological and geological
cycles are the components of a possible biosphere, includ-
ing potential niches for exotic biochemistry.

18 December 2012 SKY & TELESCOPE

An environment supporting “life as we know it” may
also exist on Titan. An ocean of water lies underground.
Geological activity probably stirs in the rich chemical
harvest of surface organics. But these depths would be
inaccessible to our probes; like the tantalizing oceans of

Jupiter’s moon Europa, they hide beneath a thick ice shell.

Do all these frigid moons keep their water concealed
beneath kilometers of ice? No. Cassini discovered that
the small moon Enceladus spews plumes of water into
space from its strangely warm south pole. Any organisms
in Enceladus’s buried water are squirting into orbit and
snowing down on its surface. To search for life on Encela-
dus, you don’t need a drill, just a shovel.

So which is the better place to look for life? If life
simply requires water, organics, and energy, then it might
exist on Enceladus right now. But Enceladus doesn’t seem
like a world with a biosphere and probably has not been
continuously active over billions of years. I favor a view
where a biosphere is inseparable from constant, cyclic
global activity, so I think Titan is a more promising place
to look for life. But this is only a hypothesis.

When it comes to biospheres, we're still stuck with a
sample size of one, and thus we remain profoundly igno-
rant about life’s universals. In searching for biology among
the wondrous moons of Saturn, we have to keep our eyes
and minds wide open. We have to explore both worlds. 4

David Grinspoon was recently appointed to be the first Chair
of Astrobiology at the Library of Congress. Follow him on
Twitter@DrFunkySpoon.

NASA [ JPL-CALTECH / SPACE SCIENCE INSTITUTE
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Callsions

Astronomers seek direct observational evidence for multiple universes.

MOST PEOPLE don’t wake up in the morning
hoping to find a black eye. But some cosmologists would
like nothing better than to spot a big, round shiner on the
universe’s face.

That face is the cosmic microwave background (CMB),
the thermal radiation filling the entire universe. This
radiation was released about 380,000 years after the Big
Bang, when the fireball universe cooled down enough
that electrons could combine with protons to form atoms,
allowing photons to travel freely without scattering. But
astronomers also think of the CMB’s photons as being
emitted from a surface, the outermost “edge” of the
observable universe. When thought of as a surface, the
CMB is our view of the set of points in space and time
when the universe stopped being a superhot, ionized soup
and its primordial photons scattered for the last time.

Discovered by Arno Penzias and Robert Wilson in
1964, the CMB quickly became the foremost evidence
for the Big Bang. But for some time now, cosmologists
have wondered whether that big bang was the only bang.
Theories of modern cosmology and physics imply that our
universe could be just one bubble in an endless bubble
bath of universes, a landscape with the exotic name of
multiverse.

The multiverse is, for now, mere speculation. But
cosmologists are hoping that it won't always be. Detailed
studies of the CMB’s dappled surface might support this
wild vision — not by letting us see other universes
directly, but by recording the scars they left behind
when they crashed into our cosmos.

lllustration by Casey Reed

Pocket Universes

At first glance, multiple universes seem the plaything

of cosmologists who grew bored with having only one
universe to toy with. But it turns out that one of the most
popular frameworks of modern cosmology — inflation
— usually predicts the creation of an infinity of “pocket
universes” (S&I: December 2006, page 36).

Proposed by Alan Guth (now at MIT) and others at the
start of the 1980s, inflation fixes several major problems
with Big Bang cosmology. It explains why the universe
looks uniform in all directions, why spacetime appears to
be flat on large scales, and why experimentalists haven’t
detected huge numbers of particles with only one mag-
netic pole (so-called magnetic monopoles).

Inflation accomplishes this feat by introducing a
cosmic hiccup (S&T: November 2005, page 32). Instead
of expanding as fast as Big Bang physics predicts, the
universe expanded more slowly at first, then suddenly
went poof and ballooned to be at least a million billion
billion times larger. The energy inherent in space itself,
called vacuum energy, fueled this exponential burst,
because vacuum energy exerts enormous repulsive force
when concentrated. The universe expanded faster than
the speed of light (Einstein’s speed limit doesn’t apply to
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spacetime itself) for at least 10~*° second, growing to be at
least 1,000 times bigger than the universe we can actually
observe, Guth says. After inflation ended, cosmic expan-
sion proceeded at a normal pace.

So far, inflation has passed every observational test
thrown at it with brilliant success, most notably predicting
the size of warm and cool spots in the CMB. But inflation
doesn’t exactly tie off the universe’s history with a nice
tidy bow. It introduces a major conundrum: most forms
of inflation are eternal. The energy that powered infla-
tion should replenish itself as space expands, fueling an
endless succession of big bangs. As Columbia University
physicist Brian Greene explains in his recent book The
Hidden Reality, the single point in the multiverse landscape
that became our little cosmic bubble has recovered from

NASA [ WMAP SCIENCE TEAM

Mapped in detail by NASA’s Wilkinson Microwave Anisotropy
Probe, the cosmic microwave background is the radiation
released when the universe cooled down enough for photons
to travel freely. This all-sky picture of the infant universe was
created from seven years of WMAP data and is color-coded to
reveal minuscule temperature fluctuations that correspond to
subtle differences in the density of matter in the early universe.

There’s another reason the multiverse idea is popular:
string theory. String theory postulates that every particle
in the universe is a tiny strand of energy that vibrates in
10-dimensional spacetime. This theory remains the most
detailed attempt so far to unify three sectors of physics:
particle physics, Einstein’s general theory of relativ-
ity (which describes gravity), and quantum mechanics

Our little cosmic bubble has recovered from its inflationary fever,
but the multiverse as a whole might still be sick.

its inflationary fever, but the multiverse as a whole might
still be sick, expanding faster than any of its pockets like

an ever-growing mound of Swiss cheese. As it grows, the
cheese develops new holes. Inside one of these holes lies

our observable universe.

“Most of the physicists who think a lot about inflation
will tell you either that, ‘Yeah, inflation is usually eternal
and I love it,” or ‘Inflation is usually eternal and I try not to
think about it,” says Anthony Aguirre (University of Cali-
fornia, Santa Cruz). “And if we have eternal inflation, then
these bubble universes are no weirder than anything else.”

December 2012 SKY & TELESCOPE

(which describes particle interactions and forces at tiny
scales). Despite string theory’s reputation for being unver-
ifiable with modern technologies, approaches based on its
mathematical framework currently offer the best explana-
tion to certain physical problems, including the behavior
of some weird extremes of matter called perfect liquids.
Cosmologists favor string theory because it makes
dark energy’s value less shocking. “Dark energy” is the
generic term for whatever is making cosmic expansion
accelerate, but theorists’ calculations show that dark
energy’s influence should be more than 100 magnitudes



greater than observations suggest — the largest discrep-
ancy between theory and observation in all of science.

String theory could solve this problem if multiple
universes exist. The theory implies the existence of 105
different types of empty space, with different particles,
forces, and amounts of dark energy allowed in each, Guth
explains. If instead of just one, every one of these 10°*°
possible solutions is correct — meaning each solution
matches a different universe that exists in a larger mul-
tiverse — then dark energy’s value isn’t weird at all. We
just live in one of the universes where the amount of dark
energy is what we measure it to be, a value particularly
friendly to our existence.

These theoretical arguments do not constitute direct
evidence for multiple universes. But such evidence might
be found. The infinite, higher-dimensional multiverse
(the cheese in the Swiss cheese) into which these bubble
universes are born would expand faster than any of its
individual bubbles, but if enough universes popped into
being in this landscape, some of them might form close
enough to collide with our own.

When Universes Collide
This collision could leave a temperature bruise in the
CMB’s mottled surface shaped like a faint, round disk.
Such a disk would consist of photons that are slightly
warmer (or cooler) than the surrounding CMB, anomalies
that are even weaker than those that show up in the iconic
map from NASA’s Wilkinson Microwave Anisotropy
Probe (WMAP). That’s saying something, because the
CMB’s 2.7-kelvin temperature deviates by at most 0.0002
kelvin from one point to another across the entire sky.

To understand why a cosmic collision would create
a disk in the microwave background, imagine a pocket
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“MULTIVERSE?”

An infinite landscape of universes is a hard thing to imagine.
Although the commonly cited name for this bubble-bath
landscape is “multiverse,” it's just as correct to think of it
as a single universe that’s not the same everywhere — a
universe that has regions, or “pockets,” vastly different
from one another. Cosmologists adopted “multiverse”
to make clear that this landscape is something far
bigger and more exotic than the universe we
normally talk about. (And besides, “uni-
verse” was already taken.)

universe forming so close to ours in the multiverse that
it slammed into ours like one sumo wrestler ramming
into another. This violent crash would glom the universes
onto each other, just like two soap bubbles stuck together.
(The bubbles never bounce.) In most cases a round,
soap-membrane-like wall forms between the universes.
This membrane rings from the smack, and the vibration
creates a wake that propagates into both universes, says
Matthew Kleban (New York University), who in 2009 col-
laborated on the first detailed predictions of a collision’s
effect on the microwave background.

Our universe expands rapidly while this wave propa-
gates through it, which dilutes the wake’s energy. But the
walke is still distinct enough to alter the density of the part
of our universe it passes through, much as sound waves
change air’s density as they move from a clashing cymbal
to our ears. When the universe cools enough to release pho-
tons, the wake’s effect on the early universe’s density shows
up as a subtle, round temperature anomaly in the CMB.

The CMB'’s “surface”
is somewhat like the
light we see coming
from a cloudy sky.
When we look up at
the clouds, we can
only see the surface
of the cloud off which
light last scattered.
Similarly, when
WMAP observes the
CMB sky, it looks
back to a time in

the universe when
photons could scatter
off free electrons.
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If our universe actually experienced fender-benders
with other bubble universes, the number of bruises our
microwave background sports from these crashes will
never change; it'll be the same now as in the past and the
future. That’s basically because from our perspective any
and every collision has already happened, explains Agu-
irre. They happened long before the CMB formed. From
the inside, the bubble’s wall doesn’t correspond to a point
in space. Rather, it’s a point in time — the Big Bang,
the moment when time began. Moving farther into the
bubble (as seen from the outside) corresponds to moving
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Colliding Universes

From our perspective, any collision between
our universe and another universe has
already happened. For us, our universe’s wall
is not a point in space, but in time — the Big
Bang, when time began. Moving from Earth
into the distant universe corresponds to
moving backward in time, as though through
a concentric series of shells. If another uni-
verse hit ours, the wake from that collision
would have to pass through these shells as

it entered the universe, moving through our

t =380,000 yrs
universe’s entire history before reaching us.

forward in time (as seen from the inside).

In this scenario, different eras in the universe are like a
series of concentric shells. The outermost is the Big Bang.
Within that shell lie the shells that mark when inflation
ended, when the universe became transparent to light, and
so on. A collision’s effects have to pass through these time
shells to reach us. Therefore from the inside, no “new”
collisions ever happen. Astronomers will never look at the
CMB and say, “Gee, that spot wasn't there yesterday.”

By the same reasoning, none of these collisions can
ever harm us. As Aguirre notes, if we're here, we've
already escaped the possible consequences.

Hunting for Marks on the Sky

Cosmologists hope to detect these weak bruises on the
CMB. Yet no obvious round spots appear in WMAP data
of the microwave background; even the infamous Cold
Spot has been dismissed as a statistical blip.

“The patterns we're talking about are covered by all
sorts of random fluctuations,” Kleban says. “It’s like try-
ing to watch TV with tons of static.”

“There’s just too much data to directly test the hypothe-
sis,” adds Matthew Johnson (Perimeter Institute for Theo-
retical Physics, Canada). “The WMAP experiment has
something like 3 million pixels, and to test this hypothesis
you need to test the correlation between each pair of 3 mil-
lion pixels — which is an astronomically huge number of
computations. Even modern supercomputers can’t do it.”

So Johnson and his colleagues have started looking
for filters to weed out the gold from the sand. These
filters are unique tactics of information processing that
look for a predicted signal in the noise. The danger with
such filters is that you can’t use the method unless you
know what you're looking for (in other words, the filter is
designed to look for a signal that matches your theory).
Johnson’s team double checks itself by calculating how
likely it is that the collection of candidate spots are cosmic



bruises, given how the theory and data line up. If the
probability is low, the candidates probably don’t come
from bubble collisions.

In companion papers published last year in two
leading physics journals, Johnson and his colleagues
described this self-check on their first generic filter
attempt, called the needlet filter after the type of analysis
performed. The initial run had found several anomalies
in the WMAP 7-year results, but the self-check ruled out
bubble collisions as the most likely explanation.

Other signals could corroborate collision candidates in
the CMB. If a bulk flow of galaxies or a cosmic void lined
up with these round spots, for example, that would be
strong evidence in their favor. While suggestions of such
phenomena have arisen, none has yet fully proven itself.

Toil and Trouble

Even assuming that eternal inflation, bubble universes,
and the multiverse exist, it’s possible that bubbles don’t
form fast enough to smack into one another before the

Imagine a pocket universe forming so close to ours in the multiverse that it
slammed into ours like one sumo wrestler ramming into another. This violent
crash would glom the universes onto each other.

Undeterred, the group came up with a better algorithm

specifically designed to look for bubble collisions. The algo-

rithm uses so-called optimal filters, employed by various
branches of physics and signal processing to detect com-
pact objects hidden in a random background. Using this

method, the team’s initial results (before self-check) identi-

fied 16 candidate collisions, including all those originally
found with the needlet method. The candidates range
from 1.5° to 90° in angular radius. But the team hasn’t
run the self-check yet, so Johnson and his colleagues don’t
know how likely it is that the signatures are actually from
cosmic smashups instead of mere statistical fluctuations.

The team is waiting on results from the European
Space Agency’s Planck spacecraft before it performs the
double-check. Launched in 2009, Planck surveys both the
temperature and polarization of the microwave back-
ground, working at an angular resolution roughly twice
as fine as that of WMAP. Planck finished five full-sky
surveys before its High Frequency Instrument ran out
of coolant on January 14th this year. Its Low Frequency
Instrument has continued working, adding data astrono-
mers will use to improve calibration. ESA will release the
first 15 months’ worth of CMB data in early 2013, and the
full data release will come in 2014.

It’s unclear whether Planck’s instruments have high
enough sensitivity to detect the signatures cosmologists
hope to see. Nor is it clear whether anomalies could be
confidently linked to collisions or still remain vague
enough to leave a lot of doubt. “I think Planck could
detect something that could be strong evidence of a
bubble collision,” Kleban says. “Whether everyone would
then believe it, I don’t know. You'd have to ask everybody.

”

A preliminary analysis of the CMB using a special algorithm
turned up 16 anomalies that might be from other universes collid-
ing with our own. Cosmologists don’t know yet whether bubble
collisions are the best explanation for these anomalies.

-0.620 — 0.620 mK
WMAP 7-year observations (94 GHz)

-0.260 MEEEEEEEEEEESSOTTOOSE_ 0.260 mK

Candidate bubble collisions (gray is the Milky Way)

).D. MCEWEN ET AL. / PHYSICAL REVIEW D 85,

103502 (2012), COPYRIGHT APS

-0.260 NSNS 000 (II—— 0.260 mK

Labeled candidate bubble collision signatures

SkyandTelescope.com December 2012

25




. Cutting-Edge Cosmology

larger multiverse’s inflation carries each bubble away
from every other one. So the violent-bubble-bath picture
could be true, but we might never see a mark.

“It’s very much verifiable, but it’s not necessarily
falsifiable,” Johnson cautions. And if they never detect
anything? “Then we're in murky waters,” he says.

“I think the primary skepticism surrounds how likely
we are to see” one of these collision marks, Kleban says.
“And I share that concern. I would never bet any sig-
nificant amount of money that we’re going to detect it,
because we have to be a bit lucky.”

Nevertheless, bubble collisions offer the first real pos-
sibility of finding observational evidence for something
that Aguirre says his colleagues generally labeled as “a
relatively innocuous pastime that will probably turn up
nothing interesting.”

“Years ago,” he says, “when people were talking about
eternal inflation and the multiverse, it was easy to dismiss
that as, ‘Well, that’s all fun but if we can’t observe it why
are we bothering to think about it? This is speculation,
fantasy — maybe your models predict it, but who cares?””
With the chance to observe the aftermath of a cosmic
crash, bubble cosmology rises above the accusation of not

being real science. Uncovering that aftermath would be a
game-changing discovery.

There’s also the chance that, even if cosmologists
never find a CMB bruise, they’ll find something else they
weren't looking for. They’d be in good company: science
often advances through serendipity as much as through
slogging along.

“The odds are high that I'll be disappointed and we
won't find these things,” Kleban says. “But it’s always
worth pursuing these avenues, because you never really
know what’s there until you do.” 4

Assistant editor Camille M. Carlisle is a fond denizen of our
cozy little cosmos and, frankly, plans to keep her sights within
its confines until evidence demands otherwise.

Rings Around the Rosies

COSMIC PUNCHES from other universes
could leave a second kind of bruise in the
cosmic microwave background. But this
second bruise wouldn’t be in the micro-
wave background’s temperature. It would
show up as a unique pattern in the way
the CMB’s light vibrates as it propagates
through space.

i Angle of
“'separation

Apparerh

bruise edge

S&T: LEAH TISCIONE
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If a wake from a universe collision trav-
eled through the universe, it would tweak
the universe’s matter density where it
passed. The odd thing about these density
blips is that they come in pairs. A sound
wave hitting a lake’s surface changes speed
as it passes from air to water, because
sound travels at different speeds in differ-
ent media. But not all the sound hitting the
water’s surface passes through. Some of it
reflects. The result is two acoustic waves for
the price of one, with one going forward and
the other backward.

Two waves will also arise in an expand-
ing universe if the speed of sound changes
everywhere in space at roughly the same
time, says Matthew Kleban. That’s just
what happened when the universe thinned
and cooled from a fireball soup to a near-

vacuum. The cosmic wake is a pressure
wave, like a sound wave. So when matter
took over in the universe, this wave split
into a reflected part and a transmitted part,
leaving behind two density blips instead of
one. When the photons fly soon after, they
scatter off both blips.

This scattering polarizes the CMB pho-
tons, making their wavelengths wiggle in
certain directions in a specific way. If the
temperature bruise is about 12° across or
larger, the polarization signal will appear
as two rings, one inside the temperature
bruise, the other outside. If observers can
detect polarization signatures that match
up with a temperature disk in the CMB, that
would give cosmologists far more confi-
dence that they’ve actually found a bruise
from a colliding universe.

This cutaway shows the transmitted and reflected wakes from a bubble collision. Sliding
the set of wake-bruise-wake slices nearer and farther from Earth corresponds to larger
and smaller temperature marks on the CMB, respectively. When the slices lie closer to the
sphere’s edge, the apparent angle of separation between the wakes grows larger, but it’s

never more than a couple of degrees.
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Come in Pairs!?

FRANCK MARCHIS ET AL. /| NATURE

IN 1977, JOHNS HOPKINS University
astronomer David Dunham organized a group of ama-
teurs and professionals to observe a star occulting the
asteroid 6 Hebe. The asteroid’s shadow passed through
central Mexico, where three observers witnessed the star
briefly flicker out. But experienced Texas amateur Paul
Maley visually observed a 0.5-second occultation at the
same time — some 500 miles north of the other observers.
Was this evidence for an asteroid satellite? Unfortunately,
researchers had no way to confirm Maley’s sighting.

Over the next 15 years observers found hints of binary
asteroids in other occultations, odd light curves, and
radar echoes, but nothing could be confirmed. All of the
speculation became moot on August 28, 1993. On that
day, NASA’s Galileo spacecraft flew by asteroid 243 Ida en
route to Jupiter and made a profound discovery — a tiny
moon later named Dactyl (last month’s issue, page 28).

Up to then, astronomers had discovered more than
10,000 asteroids using ground-based telescopes. None
were known to have companions and only a few were sus-
pected to have one. Now, after two asteroid flybys (Galileo
flew past 951 Gaspra in 1991), one was discovered to have
a moon. Which of these statistics reflected the true nature
of asteroids? Were binaries a few in 10,000, or one in two?

Opening the Floodgates

Within months of Dactyl’s discovery, planetary astrono-
mers began to report more evidence of asteroid satellites.
Most were orbiting near-Earth asteroids (NEAs), tiny
objects only a few kilometers wide that cross the orbits
of the inner planets. The companions were suggested in

Michael Shepard

high-quality light curves that could only be explained if
there were two objects orbiting each other. At least one
was spotted when one member eclipsed its partner, just
like an eclipsing binary star.

By 2000 two new techniques for binary discoveries
became mainstream and important: adaptive optics (AO)
and radar. Large telescopes fitted with AO to beat atmo-
spheric distortion could now resolve asteroid companions
(the Hubble Space Telescope could also accomplish this
feat). Using the 3.6-meter Canada-France-Hawaii Tele-
scope, William Merline (Southwest Research Institute)
and his colleagues discovered the first asteroid satellite
with AO in 1999 when they found that 45 Eugenia was
orbited by a small moon now known as Petit-Prince.
Likewise, the newly upgraded Arecibo radio telescope in
Puerto Rico could use radar echoes to produce high-reso-
lution asteroid images. The first radar binary discovered
was the near-Earth asteroid (185851) 2000 DP1g;.

In 2005 planetary scientists received another pleasant
surprise when Franck Marchis (University of California,
Berkeley) and his colleagues found a triple asteroid, the
large main-belt asteroid 87 Sylvia. The primary body had
two small companions — later named Romulus and
Remus for the mythical founders of Rome (Sylvia was
their mother). And in 2008, astronomers using Arecibo
discovered the first triple near-Earth asteroid, 2001 SNg3.
The discovery floodgates had opened.

This brief history lesson would be incomplete without
mentioning the other main reservoir of binary “asteroids”
— the Kuiper Belt. Technically, the first discovery in this
region was that of Pluto’s moon Charon in 1978. Because

BINARY ASTEROID Opposite page: This artist rendition depicts the binary Trojan
asteroid 617 Patroclus, which trails Jupiter by 60° in the planet’s orbit around the Sun.
Near left: Using the laser-guide-star adaptive optics system on the 10-meter Keck Il
telescope, astronomers have taken images showing that Patroclus actually consists of
two bodies nearly equal in size, making it a true binary-asteroid system. The larger object
(Patroclus) is about 122 kilometers (76 miles) across and the smaller body (now named
Menoetius) is 112 km across. They orbit a common center of mass every 4.3 days at an
average distance of 680 km. The two binary members might have originated from a single
body that was tidally ripped apart during a close pass of Jupiter billions of years ago.
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SMOKING GUN After NASA’s Galileo spacecraft took this
image of 243 Ida and its small moon (later named Dactyl) in
August 1993, nobody could deny that at least some asteroids
have satellites.

Pluto was considered a major planet until 2006, the distinc-
tion of the first official Kuiper Belt binary belongs to 1998
WW34, announced in 2001, also found with AO. Since then,
more than 70 Kuiper Belt binaries have been reported.

Classifying the Zoo Animals
After the discovery of 1 Ceres in 1801, it took nearly 200
years to find the first binary asteroid. In the past 19 years,
scientists have discovered some 200 more. The main belt
and Kuiper Belt account for nearly 80% of these, and the
bulk of those remaining are found among the NEAs. We're
now at the stage where we can classify binary systems.
Planetary scientists estimate that 15% of near-Earth
asteroids are binaries or higher-order multiples. Most
primaries are small, with diameters less than 10 km, and
they rotate rapidly, usually once every two to four hours.
The primaries are nearly spherical, sometimes with an
equatorial ridge, and their secondaries are considerably
smaller. Planetary scientists report the relative sizes of
the two components as a ratio of diameters, Ds/D,, where
“s” refers to the secondary and “p” refers to the primary.
In the NEA population, the diameter ratio is usually less

o

0.2 0.4 0.6
Phase (orbital period = 24.37 hours)

TELLTALE LIGHT CURVE Colorado astronomer Brian Warner
monitors the brightness of main-belt asteroid 5477 Holmes. He
compiled his data into this light curve, which clearly shows bright-
ness dips as the two asteroids periodically eclipse each other as
they orbit a common center of gravity every 24.37 hours.
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ASTEROID OCCULTATION On March 5, 1977, three amateur
astronomers along a path that crossed through Mexico witnessed
asteroid 6 Hebe briefly occult a star. Amateur Paul Maley in Texas
witnessed the star blink out for half a second. This was tantalizing
evidence for a moon, but its existence remains unconfirmed.

than 0.5, meaning the secondary is 50% the primary’s
diameter or smaller. The classic example of this group is
1999 KW, with Dy/D, = 0.34.

Main-belt binaries fall into two camps. Those with
primaries smaller than 10 km in diameter have properties
similar to the NEA binaries and are found in similar abun-
dances, about 15%. Those with primaries much larger than
10 km are less common — only a few percent — and most
have Dy/D, ratios of less than 0.1. Ida-Dactyl is a quintes-
sential member of this group (Ds/Dj, = 0.04). These systems
have no particular pattern of shape or rotation rate.

Because Kuiper Belt objects are so far away, we can
only see bodies 100 km or larger. Of those binaries dis-
covered, the companions are almost always comparable in

NASA

DOUBLE WHAMMY For decades, many scientists thought the
Clearwater Lakes in northern Québec resulted from the impact of
a binary asteroid about 290 million years ago. The recent discov-
ery that binary asteroids are common strongly supports this view.
The larger of the lakes is 36 km (22 miles) across.



\ For links to sites with further information and
- images about asteroid and their companions,
/7

visit skypub.com/asteroidmoons.

size to the primary. A good example is 1998 WW3;, with a
130-km primary and a 110-km secondary (Ds/D, = 0.85).
The asteroid 617 Patroclus/Menoetius (Ds/D; = 0.92), one
of only four known binaries in the Trojan population
(orbiting the Sun 60° ahead of or behind Jupiter), is also
this type. When there are exceptions in the outer solar
system — such as Pluto’s four smallest moons — they
tend to be much smaller than their primary, similar to
the main-belt binaries with large primaries.

About 10 to 15% of Kuiper Belt objects are binaries,
but they are oddly distributed. The Kuiper Belt has three
distinct populations: the “cold classical” belt, a group of
objects that have nearly circular and low-inclination orbits
(within a few degrees of the ecliptic plane); the “hot clas-
sical” belt, objects with near-circular orbits, but inclined
more than 6° or so to the ecliptic plane (the boundary is
debated); and the “scattered disk,” a population with far
more eccentric and inclined orbits. Oddly, nearly half
the objects in the cold classical Kuiper Belt are binary,

whereas the ratio in the other two groups is less than 10%.

What Does This All Mean?
1. Asteroids Are Sandbags, Not Solid Rocks.

One of the beauties of a binary is that it allows astrono-
mers to use Newton’s Law to measure a system’s mass
and, with a few assumptions, estimate its bulk density.
Most asteroids measured have bulk densities lower than

solid rock — some as low as 1
gram/cm?, the same as water. This
means that the majority of aster-
oids are highly porous. The current
consensus is that most asteroids
were completely shattered by large
impacts and later reassembled into
rubble piles. This finding has two
consequences — one for the way in
which small binary asteroids form,
and another for mitigating the
threat of an asteroid impact. Rubble
piles, like sandbags, absorb energy
differently than solid objects, so
the Hollywood version of deflect-
ing a killer asteroid by detonating

a nuclear bomb on or near it might

WHAT’S A BINARY?
A binary is any separated pair of
mutually orbiting objects. If two
bodies are physically joined at

a small point or neck, we call it

a contact binary. If the center of
mass of the two asteroids (the
barycenter) is inside the larger as-
teroid, it’s called the primary and
the other can rightly be called a
moon, moonlet, or, less romanti-
cally, a secondary. If the barycen-
ter is outside both objects, it's
more appropriate to stick with
the generic terms "primary” for
the larger of the pair and “sec-
ondary” for the smaller body.

not work. We have to rethink deflection strategies (S&T:

December 2010, page 22).

2. Several Different Mechanisms Make Binaries.
The earliest hypothesis for binary formation assumed
most were created by impact — just like our Moon. We
know impacts were common in the early solar system,
and presumably they’re still occurring in the main belt.

When scientists attempt to model binary formation with
impacts, they can readily create binaries such as the Ida-
Dactyl pair, but they have difficulty reproducing the other
common types, especially the NEA systems. In the rari-
fied Kuiper Belt, the opportunities for collisions are far
less frequent and impacts appear unlikely to produce the
many large, equal-sized pairs. Pluto’s five known moons,

CONTACT BINARY? Japan’s Hayabusa spacecraft returned this picture in 2005 of the near-Earth asteroid 25143 Itokawa.
It looks like a single body, but it could be a contact binary — an asteroid consisting of two unequal-size objects that joined
together in a relatively gentle collision.

JAXA
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however, appear to be the result of an impact, perhaps a
smaller-scale version of the one that formed our Moon.

Another hypothesis for binary formation invokes
tidal disruption of an asteroid during a planetary close
approach, somewhat analogous to Jupiter pulling apart
Comet Shoemaker-Levy 9. But models suggest that this
process could only form a tenth of the near-Earth binaries
we see. It’s also unlikely to be important in the main belt
or Kuiper Belt, where encounters with large planets are
rare or nonexistent.

In 2000 David Rubincam (NASA/Goddard Space
Flight Center) suggested that sunlight could create small
binaries. Asteroids absorb sunlight, heat up, and then
radiate that heat into space as infrared light. Because
asteroids are never perfect spheres, they always radiate
slightly more in one direction than another, imparting a

mild torque. Depending upon the initial spin direction,
this torque will either slow the rotation and eventually
reverse its direction, or it will speed it up so high that a
rubble-pile asteroid will fission, forming a binary.

This spin-up process is called the YORP effect (for
Ivan Yarkovsky, John O’Keefe, Vladimir Radzievsky, and
Stephen Paddack). It works best on small asteroids; the
spin-up rate is inversely proportional to the square of the
asteroid size, so a 2-km-wide asteroid will spin up four
times faster than a 4-km asteroid. It also takes awhile to
act. Given an NEA’s typical 10-million-year lifetime, it’s
only expected to work on asteroids smaller than 10 km.
But everything we now know about the near-Earth and
small main-belt binaries — their size and shape, rubble-
pile nature, and rapid rotation — suggests that YORP is
the main formation mechanism.

Three Methods of Binary Asteroid Formation

Method A

Collision disruption

Method B
Tidal disruption

Method C
Fissioning asteroid

=

1

Diagrams not to scale

FORMATION MECHANISMS Asteroid satellites probably form by a variety of mechanisms, three of which are illustrated above. Left: A satel-
lite can form when an impact smashes fragments off of a large asteroid. Some of these shards eventually coalesce into a small satellite. Center:
A moon can form when a low-density asteroid (a rubble pile) ventures too close to a planet and is tidally shredded into many smaller fragments,
which can later reassemble gravitationally into more than one body. Right: An asteroid moon can form when the YORP effect spins up a rubble
pile past its breaking point, allowing a small piece to break off. Collisions and fissioning events are more common in the inner solar system.
Comet Shoemaker-Levy 9 was tidally disrupted, but this process occurs infrequently. Most Kuiper Belt binaries are probably primordial.
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BINARIES EVERYWHERE Above: This sequence of Arecibo radar images
provided conclusive evidence that near-Earth asteroids have satellites. The images
show a small object orbiting 2000 DP1¢; once every 1.76 days. The two objects are ]
about 800 and 300 meters across, respectively. The primary’s size and elonga-

tion appear exaggerated due to its rapid rotation. The satellite probably broke off
due to the YORP effect. Right: This 2000 image from the Canada-France-Hawaii
Telescope shows that the Kuiper Belt object 1998 WWs3; is a binary. The primary is
about 20% larger than the secondary, and the two orbit a center of gravity every
570 days. The Pluto-Charon system was actually the first known Kuiper Belt binary.

3. Some Binaries May Be Primordial.

The Kuiper Belt binaries are dominated by large,
roughly equal-sized pairs. At 40 or more astronomical
units from the Sun and with diameters of hundreds of
kilometers, these objects are unaffected by YORP. And
as noted earlier, impacts are extremely rare in this vast
region of space, at least today.

So what’s left? Recent solar system formation models,
and the unusually high percentage of binaries found in

the cold classical Kuiper Belt, suggest they are primordial.

The early Kuiper Belt probably contained a few hundred
times more mass than it does today and mechanisms
such as gravitational capture, impact, or some hybrid
process may have been far more common. The original
Kuiper Belt may have assembled much closer to the Sun
and been full of binaries. But the proposed early outward
migration of Saturn, Uranus, and Neptune (S&I: Septem-
ber 2007, page 22) disrupted most of these pairings. Only
the cold classical belt was left relatively unscathed and
still preserves that early primordial binary proportion.
No matter how a binary forms, the story doesn’t end

THE FIRST KNOWN TRIPLE Using the European Southern
Observatory’s Very Large Telescope in Chile, astronomers discov-
ered in 2005 that the 286-km-wide main-belt asteroid 87 Sylvia
has two orbiting companions. This composite image, taken over
9 nights, shows the outer moon Romulus (18 km across) and the
inner moon Remus (7 km).

there, particularly for those that may have been created
by YORP. The angular momentum of a fissioning system
undergoes wild changes and is initially unstable. Tidal
stresses between a primary and its secondary become
important. And it appears that another sunlight-related
effect, called Binary YORP (BYORP), also comes into
play. Here, the asymmetric torques affect the system as
a whole, leading to three possible end states: a long-lived,
stable binary system; an escape leading to two asteroids
sharing the same heliocentric orbit, but not mutually
orbiting each other; or a gentle collision resulting in

a contact binary, probably resembling 25143 Itokawa
(recently visited by Japan’s Hayabusa spacecraft).

We're Just at the Beginning

The current picture is certain to be refined or even
overturned as astronomers discover more binaries and
planetary scientists piece it all together. But we’re only 20
years into this new field, and this is one area where ama-
teurs with modest telescopes, CCD cameras, and careful
observing habits can play an enormously important role
(S&T: October 2010, page 60).

Although the Kuiper Belt remains out of reach for
anyone without access to meter-scale telescopes, the near-
Earth, main-belt, and Jupiter Trojan populations are read-
ily accessible to today’s amateurs. A number of dedicated
observers around the world collect asteroid light curves
and search for new binaries (see http://MinorPlanet.
info for more information). A slew of professional papers
on binary discoveries in the near-Earth and main-belt
populations include amateur coauthors. Indeed, this work
wouldn’t be possible without them. 4

Michael Shepard is a Professor of Geosciences at Bloomsburg
University of Pennsylvania. He regularly uses the Arecibo
radar system to study asteroids in the main-belt and near-
Earth populations.
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42 U.S. Observatories Face Cuts

Changing Times

for

J. Kelly Beatty

A telling moment for the future of U.S. astronomy came
last October. That’s when James Ulvestad, who heads the
astronomy division of the National Science Foundation
(NSF), delivered a bleak budgetary forecast. Federal fund-
ing for the country’s national observatories, and for the
community that depends on them, was declining — with
no real prospect for a short-term rebound.

Everyone in the NSF’s advisory committee knew what
that meant. Just a year before, a 324-page road map (titled
New Worlds, New Horizons in Astronomy and Astrophysics)
had put forward a vision for astrophysics in the coming
decade that would maintain and extend U.S. leadership in
space- and ground-based astronomy. But to attain even some
of those goals with a reduced budget, astronomers would
need to tighten their collective belts elsewhere.

Now we know how those cuts will likely occur: by cut-
ting off funding for six existing facilities, some of which
are still producing cutting-edge science.

US. Astronomy

The budgetary writing is on the wall:
the National Science Foundation doesn’t have enough money both to
operate all of its existing facilities and to build big, expensive new ones.

In August a 17-member task force, led by Harvard
cosmologist Daniel Eisenstein, released its analysis of
what the NSF can likely afford in the years ahead — not
only the construction and operation of facilities at the four
U.S. national observatories (listed on page 35) but also the
money needed for investigator grants, new instrumenta-
tion, and other capabilities. Eisenstein’s group wasn’t
allowed to second-guess the scientific objectives spelled
out in NWNH. Instead, it had to figure out how to achieve
those objectives, and then optimize the NSF’s investments
accordingly beginning with the fiscal 2017 budget.

The reality is that the landscape for observational
astronomy is changing rapidly. During the 1950s and early
1960s, establishment of the National Optical Astronomy
Observatory (NOAO) in Tucson, Arizona, and construction
of several observatories on nearby Kitt Peak, finally gave all
U.S. astronomers dependable access to first-rate telescopes.
This model was eventually expanded to the solar and radio

FUTURE SKY SENTINEL The Large Synoptic

~ Survey Telescope is a planned 8.4-meter telescope
capable of photographing the entire sky twice each
week. If funding is approved, project managers
hope to begin full operations within a decade.

LSST CORPORATION
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domains, and it worked well through the 1990s. But the
soaring cost of today’s superscopes has required partner-
ships not just between major universities but also among
multiple countries.

Staying Competitive, Staying Alive

Even as construction bills continue to pile up for the
billion-dollar Atacama Large Millimeter/submillimeter
Array (ALMA) in Chile and the Advanced Technology Solar
Telescope (ATST) in Hawaii, U.S. astronomers are dream-
ing about the Large Synoptic Survey Telescope (LSST) and
the proposed Cerro Chajnantor Atacama Telescope (CCAT),
which aren’t even in the NSF budget yet. But they likely
will be soon, so to create some budgetary breathing room,
Eisenstein and his committee prioritized NSF’s astronomy
assets with an eye toward identifying existing facilities that
could — and should — be “divested” by 2017.

“It’s a very sobering thing to look at the budget,”
observes Eisenstein. “When it drops by 20%, that’s going
to cause reductions — and ultimately many peoples’ jobs.”
With that in mind (and following NWNH’s lead), the com-
mittee recommends a strong commitment to continued
NSF funding of grants to individual investigators and to
instruments, surveys, and experiments.

The committee’s portfolio includes continued funding
of ALMA, ATST, the Very Large Array, Arecibo, the twin
8.1-meter Gemini telescopes, and NOAQO’s two 4-meter
telescopes in Chile. The committee also urged that the
construction of the LSST start as soon as possible.

With all that on the table, something had to give. Eisen-
stein’s committee felt NSF should end support for three opti-
cal telescopes on Kitt Peak, as well as the nearby McMath-
Pierce Solar Telescope, the Green Bank Telescope in West
Virginia, and the globe-spanning Very Long Baseline Array.

Understandably, many astronomers are shocked and
saddened by the committee’s choices. While the McMath

U.S. National Observatories

The NSF underwrites four federally funded facilities that
provide unrestricted access to all U.S. astronomers:

- National Optical Astronomy Observatory oversees several
optical telescopes atop Kitt Peak in Arizona as well as
Cerro Tololo Inter-American Observatory and the SOAR
Telescope in Chile (NSF budget in fiscal 2012: $26.1 million).

- National Solar Observatory manages big Sun-watching
telescopes on Kitt Peak and on Sacramento Peak in New
Mexico, as well as the forthcoming Advanced Technology
Solar Telescope in Hawaii ($71.7 million).

- National Radio Astronomy Observatory is responsible
for the massive Green Bank Telescope, as well as the Very
Large Array and Very Long Baseline Array; it also operates
ALMA in partnership with other nations ($71.7 million).

« Arecibo Observatory in Puerto Rico is the world’s largest
and most sensitive radio telescope ($5.5 million).

NSF's Astronomy Purchasing Power

$400 Million
$300M

scenario A
$200M - Scenario B
$100M | | I | |
Year 2000 2005

NRAO / AUI

G RN,

FACING CLOSURE? Top: After many years of steady growth, boosted by
stimulus funding in 2009, NSF’s astronomy budget has declined recently
— and might shrink further. The authors of the New Worlds, New Horizons
decadal survey envisioned an almost doubled budget by 2022 (blue line).
More realistic are the optimistic (yellow) and pessimistic (red) scenarios.
(Dollars adjusted to fiscal year 2011.) Bottom, left to right: The Robert C.
Byrd Green Bank Telescope, the 4-meter Mayall Telescope, and the 3.5-
meter WIYN Telescope might lose NSF funding by 2017.

solar telescope was to be phased out anyway (though not
so soon) to make way for ATST, seeing the Green Bank
Telescope on the list was unexpected. After all, it’s the
largest fully steerable radio antenna in the world — and
it’s only 12 years old. Managers of the GBT and the VLBA
countered that both have “crucial capabilities that cannot
be provided by other facilities.”

The potential loss of the three reflectors on Kitt Peak,
with apertures of 2, 32, and 4 meters, poses a different
kind of problem, making it harder for young postdocs and
graduate students to get real-world observing experience.

Timothy Beers, who took over as Kitt Peak’s director
only last year, is disappointed — and puzzled — by the NSF
report. “They’re going to trade away 700 to 1,000 observing
nights per year to liberate funds for future projects, and that
is a real change of pace.” But he remains optimistic that the
summiit’s big eyes will carry on in some capacity. “We’re
not planning on closing Kitt Peak National Observatory but
rather to reconfigure it,” he explains.

We have not heard the last of this emotional debate.
Larger forces — within the NSF, the president’s adminis-
tration, and the Congress — will dictate the final outcome.
“This is the start of a very long process,” Ulvestad says,
“and I can’t predict where it’s going.” 4

Senior contributing editor Kelly Beatty notes that the panel’s
full report, titled Advancing Astronomy in the Coming
Decade: Opportunities and Challenges, can be downloaded
for free at www.skypub.com/nsf_review.
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40 Deep-Sky Hunting
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David A. Rodger’

Star Clusters

Collinder, Stock, Trumpler — open clusters with no Messier

or NGC number can be surprisingly bright and easy.

PEOPLE LOVE LISTS! Whether it’s top-scoring ball-
players, best-selling books, or Colorado’s best ski resorts,
everybody loves lists. Astronomers aren’t immune to list-
mania either.

Credit Charles Messier with starting the fad in the late
18th century. Working through his list of “not comets” —
109 or 110 star clusters, galaxies, and nebulae — is a rite
of passage for today’s amateur astronomers.

After completing the Messiers, many amateur astrono-
mers move on to other lists, such as the Herschel 400 — a
selection of the best objects observed by William Herschel
(1738-1822) — or even Herschel’s full, 2,500-object cata-
log (August issue, page 60).

Herschel’s designations rarely appear on modern
star charts, because his discoveries were subsumed into
the monumental New General Catalogue (NGC) in 1888.
Together with the supplemental Index Catalogues (1C),
these include most of the objects observed by amateur
astronomers today.

Many of the biggest star atlases also show objects from
other catalogs such as the Uppsala General Catalogue of
Galaxies (UGC), or the Catalogue of Galactic Planetary
Nebulae (P-K or PN) compiled
by Czech astronomers Lubo$
Perek and Lubo$ Kohoutek.
Most of these are challenge

Above: The author at home
with his 5-inch altazimuth
refractor, “Capella.”
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objects, visible only through big telescopes under pristine
dark skies.

But even simple charts such as the ones in Sky &
Telescope’s Pocket Sky Atlas show many open star clusters
labeled with designations such as Stock, Tr, Cr, and Mrk.
Ever wonder about those?

These clusters were generally omitted from the NGC
and IC not because they’re too faint, but because they’re
too big, sparse, or scattered to stand out in the long-focus
scopes and narrow-field eyepieces generally used by
the NGC contributors. Many of these clusters are best
observed through small, wide-field telescopes or even
binoculars. And unlike galaxies and nebulae, they tend to
stand up well to light pollution.

Let’s take a look at the people behind these star cluster
designations and why they compiled their catalogs.

Jiirgen Stock (1923-2004) was born in Germany but
compiled his list of 25 clusters while based at Case West-
ern Reserve University in Cleveland, Ohio, in the early
1950s. He discovered (or at least first described) all 25.
Most are faint and generally lacking visual appeal, so that
only a few of them are plotted on familiar star atlases. But
all can be observed in amateur telescopes. Look along the
Milky Way for Stock clusters, particularly in Cassiopeia,
Perseus, Camelopardalis, and Cygnus. Stock clusters tend
to be large in area but sparse in members.
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The Double Cluster in Perseus is just the starting point of a hunt for non-Messier, non-NGC star clusters in the area.
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Cassiopeia plays host not just to its familiar Messier and NGC clusters, but to little-known groups from challenging to surprisingly
easy. North is up in all photos, but north is down from Cassiopeia when it’s high in the northern sky at this time of year.

“Tr” refers to Swiss astronomer Robert Trumpler he photographed open clusters and published a catalog of
(1886-1956). He investigated the distances, sizes, and spa-  50. He studied the instability of open clusters, and so his
tial distribution of open clusters, then published a catalog  catalog lists faint, mostly difficult-to-distinguish groups
of 37 he had discovered and investigated. Even the most that are in the process of dissipating. Thus it contains no
prominent are easily missed by users of small telescopes.  real visual showpieces.

“Mrk” clusters were identified by the Armenian astron- “Cr” refers to the catalog of every known open star
omer Beniamin Markarian (1913-85). At Byurakan cluster, bright and faint, large and small, that was
Observatory in Georgia (then part of the Soviet Union), compiled in 1931 by Swedish astronomer Per Collinder

Markarian 6 : Stock 23 - E Trusplor {0, 00 B L Collinder 7
et : Pazmino’s Cluster .-’ - foe ; ;

Zooming in deeper to telescope-like views, these odd little groups tend to show more variety than richer, better-known clusters. Each frame is 0.3° wide.
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(1890-1975). It’s by far the largest of the lot, with 471
entries heavily overlapping the Messier and NGC lists. It
also includes a few asterisms (groups of unrelated stars).
Entries are listed by right ascension.

Other open-cluster names you may encounter on
charts include Bark (Barkhatova), Berk (Berkeley), Biur
(Byurakan), Do (Dolidze), Do-Dz (Dolidze-Dzimselejsvili),
Haf (Haffner), K (King), Ly (Lynga), Mel (Mellotte), Ru
(Ruprecht), Ste (Stephenson), van den Bergh (vdB), and
Westr (Westerlund). Sue French often discusses these in
her Deep-Sky Wonders column; for example her September
2011 column is entirely devoted to Berkeley clusters.

A Catalog Revived

Of all the above, the Collinder list is my favorite. Like
many amateurs, I first encountered Cr clusters (such as
Cr 399, the Coathanger in Vulpecula) while exploring

the Milky Way. I knew nothing of Per Collinder or his
cataloging objectives until I read an article that Arizona
astronomy writer Thomas Watson posted two years ago
along with the entire Collinder Catalog. You can find both
at skypub.com/collinder.

Watson, like me, was curious about the “Cr” objects he
had encountered during his observing sessions. Internet
and library searches turned up basic information. Per
Collinder was an astronomy graduate student in Sweden
who published “On structural properties of open clusters
and their spatial distribution” for his doctoral thesis. But
Watson was unable to obtain the catalog included in Col-
linder’s thesis and soon dropped his quest.

Then he read Nancy Thomas’s article “Per Collinder
and his Catalog” in Amateur Astronomy for winter 2005.
“At the end of her essay,” says Watson, “Ms. Thomas
expressed the hope that amateur astronomers would take
up the challenge of using Collinder’s catalog as an observ-
ing list.” She had a photocopy of it and sent it to Watson.
With that in hand, he decided to answer her challenge.
He set about correcting its positional errors, updating
coordinates, eliminating duplicate entries, and reshaping
the catalog into a format that both amateurs and profes-
sionals would find useful.

“Collinder was trying to gain an insight into the
structure of the Milky Way Galaxy,” says Watson, “by
determining how open clusters were distributed and see-
ing whether the majority of them populated the galactic
plane. This proved true and, as a result, Collinder’s cata-
log reflects that distribution.”

Of the first 20 entries in the Collinder catalog (ordered
by right ascension), 19 are in Cassiopeia and one is in
Cepheus, definitely in the plane of the Milky Way. But
with the exception of Collinder 15, they're also in the
NGC, IC, and/or Messier catalogs. Indeed, that’s true of
most Collinder objects, which is why only a few of the 471
“Cr” designations appear on star charts. Collinder 42, for
instance, is the Pleiades (M45). Collinder 285 is the huge

Per Collinder, second from lower left, attending a lobster dinner at the University of
Lund in Sweden, probably around 1931.

Ursa Major Moving Group, which includes five of the seven
Big Dipper stars.

Watson writes, “As you observe these objects through
the eyepiece, keep in mind that Collinder apparently
never saw with his own eyes the majority of the clusters
he listed. Much, if not most, of his work was done using
photographic plates from a number of observatories.”

Also unusual are Collinder’s classifications. Although
Herschel grouped his objects into “Bright Nebulae,” “Faint
Nebulae,” “Very Compressed and Rich Clusters of Stars,”
and so on, Collinder used actual clusters for three of his
classifications: “Pleiades,” “Praesepe” (M44 in Cancer), and
“Mu Normae” (NGC 6169). I'm too far north to see the Mu
Normae group, so I asked Arizona-based Watson what it
looks like. “It’s fairly sparse,” he said, “with a few rather
faint stars dominated by the namesake star.”

Check out Collinder 45 (NGC 1502) in Cameloparda-
lis or Collinder 112 (NGC 2264) in Monoceros. Both are
classified as Mu Normae clusters. What do you think
distinguishes them from Collinder’s Pleiades or Praesepe
classes?

I love star clusters! Thanks to Watson’s work, the Col-
linder Catalog is now fully accessible, with 2000.0 coordi-
nates and informatively annotated (skypub.com/collinder).
Although many Collinder clusters lie far south and below
my Vancouver horizon, there are more than enough to
keep us busy in Taurus, Perseus, Auriga, Cygnus, Lac-
erta, and Sagittarius, as well as Cassiopeia and Cepheus.

Along with the other such catalogs, it contains some
gems that are easy to miss if you depend only on the
Messier list and the NGC.

SkyandTelescope.com December 2012
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The Coathanger
asterism, Col-
linder 399 in
Vulpecula, is
upside-down
for mid-north-
ern skygazers.
It’s not a real
cluster, just an
interesting set
of line-of-sight
coincidences.
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Collinder 399
The Coathanger
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Six Favorite Targets

Take a look at what I mean! Here are six of my favorite Col-
linder, Stock, Markarian, and Trumpler clusters. Most are in or
around Cassiopeia — high overhead these evenings. For finder
charts, use the wide-field images on pages 37 and 38.

Stock 2 (Perseus, RA 2" 15.0™, Dec. +59° 16")
Sprawling across the Cassiopeia-Perseus border, this big,
loose, well-populated cluster — a full 1° in diameter! —
rewards wide-field viewing in small telescopes and bin-
oculars (see page 45). It’s just 2° north of the much more
obvious and famous Double Cluster in Perseus, which
likely accounts for why it’s poorly known; the Double
Cluster hogs the stage! But once you recognize Stock 2,
you'll never miss it again.

At its core is a quadrilateral that reminds me of a
broader Hercules Keystone. From this, several lines of
stars trickle off; some of these form a big, ragged plus
sign oriented north-south-east-west. Off the group’s
northeast edge sits a lovely, nearly equal 7th-magnitude
double star (magnitudes 7.0 and 7.3, separation 63”).

Markarian 6 (Cassiopeia, RA 2" 29.6™, Dec. +60° 39')
About 2° northeast of huge Stock 2 is tiny Markarian 6,
a curved line of a mere half dozen 10th-magnitude stars.
It’s 0.1° long and runs north-south. I think it looks like a
lacrosse stick. Others have described it as a fish hook.

Stock 23 (Camelopardalis, RA 3" 16.3™, Dec. +60° 02')
This small cluster at the Camelopardalis-Cassiopeia bor-
der is identified on some star atlases as Pazmino’s Clus-
ter, for John Pazmino of New York, who independently
discovered it and described it in the March 1978 Sky &
Telescope. It’s easy in binoculars, if a little sparse. You
wonder how it was overlooked! In my 127-mm refractor

I see a small, compact group of eight to ten stars. It also
includes a prominent double, in the southwestern edge
of the bright central bunch.
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Trumpler 1 (Cassiopeia, RA 1" 35.7™, Dec. +61° 17')

Tr 1lies just 0.7° north-northeast of much bigger, brighter
M103, which is just 1° east-northeast of Delta (3) Cassiope-
iae. Tr 1is a tiny, faint cluster dominated by a straight line
of four stars of about 12th magnitude. They’re so close
together that they’re unresolved in many amateur scopes
and look positively weird accordingly. Tr 1 rewards high
power and large aperture; I like what I see in my 11-inch
Schmidt-Cass at 175x. It’s a tricky little find, outshone not
just by M103 but by NGC 663 and 654 a degree east.

Collinder 7 (Cassiopeia, RA 0" 43.4™, Dec. +61° 47')
This is a remarkable group midway between Gamma ()
and Kappa (k) Cas. Is it a crown? Aladdin’s lamp? The
Holy Grail? A parachute? It depends on how it’s oriented
in your field of view. Some 20 stars here include a ragged
semicircle outlining its southeastern side. My 11-inch at
90x provides the view I like best.

This group includes NGC 225 or maybe is identical
to it, though the NGC object is listed as smaller and not
positioned to include the western part of the semicircle.

Collinder 399 (Vulpecula, RA 19" 25.4™, Dec. +20° 17")
How can one not chuckle at the eyepiece on first sight-
ing Collinder 399? It definitely looks like an upside-down
coathanger! Or maybe it’s an old-fashioned telescope with
a pea-shooter tube on a tabletop tripod. Many people have
independently discovered it in the Milky Way 8° south of
Cygnus’s Albireo. It looks like a faint haze patch to the
unaided eye at a dark site. Its long part spans 1.3°.

Now, excuse me. I have to get back to compiling the “R
(Rodger) catalog of northern star clusters visible with a
5-inch refractor in an urban sky at latitude 49.5°.” 4

David A. Rodger, founding director of Vancouver’s H. R. Mac-
Millan Planetarium, observes deep-sky objects from his north-
facing patio in North Vancouver, BC. His article “In Praise of
the Great Dark North” appeared in the September 2011 issue.
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Planet Visibility
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Visible November 24 through December 24
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PLANET VISIBILITY SHOWN FOR LATITUDE 40° NORTH AT MID-MONTH
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Asteroids on Steroids

Most of my Binocular Highlight columns over the
years have featured deep-sky objects, but this month
there’s a solar system happening that makes for

a terrific bino sight. As noted on page 50, the two
brightest asteroids, Ceres and Vesta, both come to
opposition in December. That means they’ll be at their
best for viewing and, what’s more, both are situated
near bright stars in Taurus!

Ceres is the largest asteroid and the first one
discovered, having been found on the first day of the
19th century (January 1, 1801) by the Italian astronomer
Giuseppe Piazzi. This little world measures 942
km (585 miles) in average diameter, roughly % the
diameter of the Moon. Ceres reaches opposition
on December 18th, when it will lie within the same
binocular field as 3rd-magnitude Zeta ({) Tauri. On
that night the asteroid will be 4.5° north-northeast of
the star and shining at magnitude 6.7 — bright enough
to be in easy reach of even the smallest binoculars.

Nearby Vesta was the fourth asteroid found, but
it’s actually the brightest of them all. With an average
diameter of 525 km, Vesta is half the size of Ceres, yet
it shines at magnitude 6.4 when it reaches opposition
on December 9th. That night Vesta will be almost
exactly equidistant from Zeta and Taurus’s leading
light, 1st-magnitude Aldebaran (not counting Jupiter!).
The asteroid should be pretty easy to identify — just
don’t confuse it with nearby 4.9-magnitude 104 Tauri,
which lies about 1° to its north.

The chart below plots both asteroids on their
opposition dates. The best way to confirm your
sighting is to check back a night or two later to see if
your suspect point of light has moved.

— Gary Seronik

To watch a video tutorial on how to use the big sky
map on the left, hosted by S&T senior editor Alan
MacRobert, visit
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OBSERVING

Planetary Almanac

Sun and Planets, December 2012

Dec.  RightAscension Declination Elongation ~Magnitude  Diameter lllumination Distance
Sun 1 16" 29.3"  —21° 48’ — -26.8 32" 26" — 0.986
31 18" 41.5m  —23° 06’ — -26.8 327327 — 0.983
Mercury 1 15"10.4™  -15°05"  20° Mo -0.3 74" 48% 0.913
il 150 51.7m —18° 24’ 20° Mo -0.5 5.9” 77% 1.140
21 16" 50.1"  —22° 00" 16° Mo -0.5 5.2” 90% 1.300
31 170 55.3™  —24° 09’ 11° Mo —0.6 4.8” 96% 1.394
Venus 1 14" 36.0m  -13° 30’ 28° Mo -3.9 11.8” 88% 1.419
il 150 25.3™ -17°12 26° Mo -3.9 1n.4” 90% 1.465
21 16"16.5m  —20°10 24° Mo =3.9 11”7 92% 1.508
Jupiter
31 170 09.5m  —22°11 21° Mo -3.9 10.8” 94% 1.547
Mars 1 18" 45.6™ —24°71 31° Ev +1.2 447 97% 2.146
16 19" 35.8™  —22° 4%’ 28° Ev +1.2 4.3” 97% 2.186
31 20" 253" -20° 26’ 24° Ev +1.2 4.2” 98% 2.223
Jupiter 1 4h39.9m  421°21"  177° Mo -2.8 48.5” 100% 4.069
31 40241 +20° 53’ 148° Ev -2.7 46.9” 100% 4.201
Saturn 1 14"19.5m  -11° 32 33° Mo +0.7 15.77 100% 10.600
31 14" 30.6m  —12° 22’ 60° Mo +0.6 16.2” 100% 10.242
Uranus 16 0h17.4m +1° 06 100° Ev +5.8 3.5” 100% 19.861
Neptune | 16 22"11.2m 110527 66° Ev +7.9 2.2 100% 30.374
Pluto 16 18" 36.4™ —19° 49’ 15° Ev +14.2 0.1” 100% 33.302

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 equato-

Uanus & rial diameter. Last are the percentage of a planet’s disk illuminated by the Sun and the distance from Earth in astronomical
-y units. (Based on the mean Earth—Sun distance, 1 a.u. equals 149,597,871 kilometers, or 92,955,807 international miles.) For
Neptune other dates, see SkyandTelescope.com/almanac.

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

Pluto toward Earth.

U | I I
_oh .22h
RIGHT ASCENSION

«*s . " . LOCALTIME OF TRANSIT _
Midnight ~~ 10pm - - 8 pm . 6 pm

The Sun and planets are positioned for mid-December; 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). “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.
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OBSERVING

Northern Hemisphere's Sky

Fred Schaaf

Peerless Perseus

The constellation is as prominent in the sky as the hero is in myth.

Morning brings back the heroic ages.
— Henry David Thoreau, Walden

Certain mornings of November and December this

year offer sights we might truly call heroic. At dawn on
November 26th and 27th, Venus and Saturn are less than
1° apart. On the mornings of December 9th through 11th,
the crescent Moon steps down a staircase of a 1st-magni-
tude star and two bright planets (see page 48).

And as the year nears its end, evening also brings back
the heroic ages — to the eye and mind.

Hero Perseus flies high. At the time of our all-sky
map — mid-evening in November and earlier evening
in December — the noble constellation of Perseus soars
high in the northeast. According to Greek mythology,
Perseus was the first great hero. He saved the chained
princess Andromeda (also a constellation) from the sea
monster Cetus (another constellation), which Poseidon
had sent to punish Andromeda’s parents Cassiopeia and
Cepheus (two more constellations). In some versions of
the myth, Perseus had the assistance of Pegasus — yet
another constellation.

Perseus presents us with a severed part of another
figure from Greek mythology: the serpent-tressed head
of the monstrous Gorgon sister Medusa, represented by
the classic eclipsing binary star Algol. Novice amateur
astronomers learn that every 2.87 days a dim companion
star partly hides the brighter primary star of the Algol
system for several spooky hours, reducing Algol’s bright-
ness from magnitude 2.1 to 3.4 (see page 51). But we don’t
often see the distance to Algol mentioned. The “Demon
Star” is located only 93 light-years from Earth, a little
farther than the central stars of the Big Dipper.

The only star in Perseus brighter than Algol at its
maximum is 1.8-magnitude Alpha Persei, also known as
Mirfak. Swarming around it in the heart of the imagined
hero is a grouping of stars more than 3° across known
as the Alpha Persei Association. It’s centered about 500
light-years from us. But northwest of Perseus’s helmet is
an elongated glow, which a telescope shows to be adja-
cent piles of stellar jewels. This is the Double Cluster of
Perseus, a pair of star clusters more than 7,000 light-years
from Earth. Imagine how bright — brimming with 1st-
magnitude stars — the Double Cluster would appear if
brought as near to us as the Alpha Persei Association.

The brightest hero. Perseus is the quintessential
star-hero of Greek myth. But can we find an even brighter
hero constellation?

Strongman Hercules has a constellation, though its
last parts are sinking below the northwest horizon at
this hour. But as a constellation, Hercules is surprisingly
dim. I say surprisingly because you would think that the
mightiest and most popular hero of Greek mythology
would have been given a more conspicuous star pattern.

If we look low in the east at this time, we’ll see rising
the most brilliant constellation of all: Orion.

In Greek mythology Orion was vain, rude, and intem-
perate — not really heroic in character. But if we concen-
trate on the constellation’s visual aspects — its two 1st-
magnitude stars, its now-vertical three-star Belt, its Sword
with a gleam of nebula, and especially its resemblance to a
huge human figure — most of us would agree that Orion
is the most heroic constellation in all the heavens. 4

S&T ARCHIVES

Benvenuto Cellini’s statue of Perseus holding Medusa’s head is
on public display in Florence, Italy.
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Sun, Moon & Planets

Jupiter Rules the Night

This is the peak month to view the king of planets.

For yet another month, Mars languishes
low in the southwest at dusk. Jupiter
comes to opposition and blazes all night.
Saturn rises in the lonely time after mid-
night. And for most of December, Mer-
cury pairs with dazzling Venus at dawn.

DUSK AND EVENING

Mars remains low in evening twilight
in December for its fifth month in a row,
modestly dim at magnitude +1.2. Look for
it about 10° above the southwest horizon
¥4 hour after sunset. It’s a tiny dot through
a telescope — barely more than 4” wide.
Uranus, in Pisces, and Neptune, in
Aquarius, are best observed around night-
fall. Uranus is fairly high in the south
then, but Neptune is low in the southwest.
For finder charts see the September issue,
page 50, or skypub.com/urnep.

ALL NIGHT

Jupiter comes to opposition on the Ameri-
can evening of December 2nd. That night

Dawn, Dec 1
1 hour before sunrise

* Venus

.o Lib

. B Lib

v Mercury

i

Looking Southeast
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Jupiter rises around sunset, is highest
around midnight, and sets around sun-
rise. This is one of the closest oppositions
in Jupiter’s 12-year orbit, so the planet
blazes at magnitude —2.8, and its disk is
48.5” across the equator.

At the end of December Jupiter is still
nearly as big and bright as it was at opposi-
tion, and it rises high much earlier. On
New Year’s Eve it’s already 1/3 of the way up
the sky by mid-twilight. Jupiter is nearly
as far north as it can ever travel among the
constellations, so viewers at mid-north-
ern latitudes see it remarkably high for
remarkably long.

Jupiter’s slow movement against the
background stars of Taurus adds even
more interest. Jupiter retrogrades (moves
westward through the stars) in December
about 5° north of Aldebaran, the 1st-
magnitude eye of the Bull. It comes much
closer to 3.5-magnitude Epsilon () Tauri,
which marks the northwest end of the
Hyades’ V pattern, and is often considered

Dawn, Dec9 - 11

1 hour before sunrise

Saturn

L
Looking Southeast

to be Taurus’s other, much dimmer eye.
Jupiter passes closest to Epsilon (1.7°) on
December 22nd but remains within 2° of
it for the entire second half of the month.

Jupiter is heading almost directly
toward 4.9-magnitude Omega (w) Tauri,
which will be just 10" from the planet
when it resumes normal prograde (east-
ward) motion at the end of January.

And Jupiter pairs spectacularly with the
Moon on December 25th, as described in
the Sun and Moon section below.

PREDAWN AND DAWN

Saturn rises around 4 a.m. as December
starts and about 2:30 a.m. by month’s end.
The gold planet brightens a little, from
magnitude +0.7 to +0.6, during December.
Saturn has been in Virgo, the longest
constellation of the zodiac, for more than
three years, but in early December it
finally crosses the border into Libra. (It
will dip back into Virgo for a few months
in mid-2013). Saturn ends the year 16° east

Dawn, Dec 21

45 minutes before sunrise

Looking Southeast



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

Fred Schaaf

of Spica and 6° northwest of the ultrawide
double star Alpha Librae, which is also
(unforgettably) named Zubenelgenubi.

In a telescope, Saturn’s fabulous rings
are opening to our view. Their north-
ern face is tilted 18° or 19° toward Earth
throughout December.

Venus and Mercury adorn the ecliptic
lower left of Spica and Saturn before and
during dawn, as shown at the bottom of
the facing page. Venus starts December
only 5° from Saturn, and it’s a good 16°
above the eastern horizon (at latitude 40°
north) in mid-dawn 45 minutes before
sunrise. But each morning Venus appears
lower and Saturn higher, so by month’s
end the planets are 40° apart and Venus is
beginning to sink into the twilight glow.

Dusk, Dec 24 — 26

1 hour after sunset
Moon

. Dec 24

Pleiadés

Moon

._ Dec 25

Jupiter

* Aldebaran

Betelgeuse

Looking East

December
solstice

March __
equinox

Venus

Earth

o
.\ S~ Mercury

Bl
June solstice

_Sept.
equinox

ORBITS OF THE PLANETS

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

Mercury has its best apparition of the
year for mid-northern latitudes. It rises
unusually high, and it’s very easy to locate
to Venus’s lower left throughout Decem-
ber. The planets are 8° apart on December
1st, 61/3° at their closest on December 9th,
and 10° on December 31st. Venus and
Mercury shine all month around magni-
tude -3.9 and 0.5, respectively. Mercury
will probably be too low to see without
binoculars in the last week of December.

On December 3rd Venus stands equi-
distant from Saturn and Mercury, forming
a slightly curved diagonal line with them.
On the next morning, December 4th, it’s
just 1%/4° left of Zubenelgenubi, its closest
approach to that star. This is also when
Mercury reaches greatest elongation from

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. In the Far East,
move the Moon halfway. The blue 10° scale bar
is about the width of your fist at arm’s length.

the Sun, rising more than 1%2 hours before
sunup at mid-northern latitudes.

On December 22nd Venus stands 6°
upper left of Antares and 81/3° upper right
of Mercury, forming a not-quite equilat-
eral triangle with them. By then Mercury
is much lower than it was at its peak, ris-
ing only an hour before the Sun.

SUN AND MOON

The waning crescent Moon walks down
the stairs of Spica, Saturn, and Venus on
the American mornings of December 9th,
10th, and 11th, respectively, posing with
each one after another.

At dusk on December 25th, Christmas
Day, the just-past-full Moon is only about
1° from Jupiter for viewers in the U.S.

The Moon occults (hides) Jupiter around
sunset in central South America and early
on the morning of the 26th in parts of
southern Africa.

The Sun reaches the solstice at 6:12
a.m. EST on December 21st, starting
winter in the Northern Hemisphere and
summer in the Southern Hemisphere. 4
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Celestial Calendar

Ceres & Vesta Shine Brightest

The two leading asteroids come to opposition in a jazzy part of the sky.

Jupiter, Aldebaran, the Hyades, and the Pleiades draw
the eye on November and December evenings all grouped
together in the east. Also in that area, just below naked-
eye visibility, are two more attractions: 1 Ceres, the largest
asteroid in the main belt, and 4 Vesta, the brightest. Both
reach opposition in mid-December (see page 45). They
remain 10° to 13° apart from November into spring 2013.

Binoculars and the chart below are all you'll need for
most of this period. Ceres shines at the following magni-
tudes: November 1, 8.0; Dec. 1, 7.2; Dec. 18 (opposition),
6.7;Jan. 1, 7.1; Feb. 1, 7.8; Mar. 1, 8.3; Apr. 1, 8.6.

Vesta is a little brighter: Nov. 1, 7.2; Dec. 1, 6.6; Dec. 9
(opposition), 6.4; Jan. 1, 6.9; Feb. 1,7.5; Mar. 1, 7.9; Apr. 1, 8.2.
Ceres is by far the largest asteroid, a near-sphere 585
miles (942 km) wide. Its size and roundness have earned it

a place in the recently defined category of “dwarf planet,”

Below: Use this chart to find Ceres and Vesta from November
Full Vesta. NASA released this composite goodbye image in September as through next March. The date ticks are plotted every 8 days at 0"
the Dawn spacecraft departed into the distance. UT (which falls on the evening of the previous date in the time

zones of the Americas). Stars are plotted to magnitude 8.5.

. &

. o Jupiter

O ‘Dec. 16 *
*Hv1 e : *
Q. . (Crab Nebula)

2.4
Jan 4,2013 - %

Star magnitudes

-':‘25' . Dec3 . * Aldebaran "o\ .
b "5"“ i o e o R g ,; I.—Iyades
L =c ol o . 2 TR tev.e
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Alan MacRobert
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Phenomena of Jupiter’s Moons, December 2012
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These geocentric predictions are from the heliocentric involved: I for lo, Il Europa, I1l Ganymede, or IV Callisto. Next is the type of event: Oc for an occultation of the satellite behind
feleme‘nts Min. = |D 2452253.559 + 2.867362E, where E 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
is any integer. Courtesy Gerry Samc.ylyk (AAVSQ). Fora shadow onto Jupiter. An occultation or eclipse begins when the satellite disappears (D) and ends when it reappears (R). A transit
comparison-star chart and further information, see . . . . . .
or shadow passage begins at ingress (1) and ends at egress (E). Each event is gradual, taking up to several minutes. Predictions
skypub.com/algol. A
courtesy IMCCE / Paris Observatory.
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Jupiter’s Moons
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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.

Jupiter blazes high in the evening in

Taurus, coming grandly to opposition on
December 2nd. It’s at least 47 arcseconds

wide all November and December.

Any telescope shows Jupiter’s four big

moons. Binoculars usually show at least
two or three. Identify them with the dia-
gram at left. Listed on the previous page
are all of their many interactions with
Jupiter’s disk and shadow in December,
which are fascinating to watch.
Following are the times, in Universal
Time, when Jupiter’s Great Red Spot
should cross the planet’s central merid-
ian. The dates (also in UT) are in bold.
The Red Spot appears closer to Jupiter’s
central meridian than to the limb for 50
minutes before and after these times:
December 1, 9:47, 19:43; 2, 5:38, 15:34; 3,
1:30, 11:25, 21:21; 4,7:16, 17:12; 5, 3:07, 13:03,
22:59; 6, 8:54, 18:50; 7, 4:45, 14:41; 8, 0:37,
10:32, 20:28; 9, 6:23, 16:19; 10, 2:15, 12:10,
22:06; 11, 8:01, 17:57; 12, 3:53, 13:48, 23:44;
13, 9:39, 19:35; 14, 5:31, 15:26; 15, 1:22, 11:17,
21:13; 16, 7:09, 17:04; 17, 3:00, 12:55, 22:51;
18, 8:47,18:42; 19, 4:38, 14:33; 20, 0:29, 10:25,
20:20; 21, 6:16, 16:12; 22, 2:07, 12:03, 21:58;
23, 7:54,17:50; 24, 3:45, 13:41, 23:36; 25, 9:32,

On September 15th, when Christopher Go
took this superb image, Jupiter’s orange
Oval BA (“Red Spot Junior”) was passing
just south of the Great Red Spot with no
apparent effect on either. South is up.

19:28; 26, 5:23, 15:19; 27, 1:15, 11:10, 21:06;
28, 7:02, 16:57; 29, 2:53,12:48, 22:44; 30, 8:40,
18:35; 31, 4:31, 14:27.

To obtain Eastern Standard Time,
subtract 5 hours from UT; for Pacific
Standard Time, subtract 8. (The times
listed assume that the spot is centered at
System II longitude 184°.)

The Geminid meteor shower this year should be
excellent. It reliably produces about 120 meteors visi-
ble per hour for an observer at a dark-sky site late on
the peak night, and this year there’s no moonlight.
Peak activity should come on the night of Decem-
ber 13-14, though the shower is also active for a
couple days before and about a day after. Bundle up,

lie back in a sleeping bag in a reclining lawn chair,
watch the sky, and be patient. A meteor is a Gemi-
nid if its path, followed backward far across the sky,
would lead back to a point close to Castor in Gemini.
Try doing a real meteor count to report! See
skypub.com/meteors, “Advanced Meteor Observing.”

An exceptionally dazzling Geminid fireball plunged across
Orion during one of the 1,521 exposures that Wally Pacholka
had his camera take on the morning of December 14, 2009.
Try it yourself. Good luck; this was a one-in-a-million shot!




Need help matching what you see in your eyepiece to star charts? Learn the tricks you need to know! See skypub.com/charts.

“Sky-Is-Falling’ Asteroid Flies By
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The path of Toutatis on the four nights when it’s closest and brightest: magni-
tude 10.9 to 10.5. Times and dates are in Universal Time. Blowups are at right.

Meanwhile, a very different asteroid makes
one of its periodic close passes by Earth in mid-
December. Little 4179 Toutatis is an irregular
double lump measuring just 2.8 x 1.5 x 1.2 miles
(4.5 % 2.4 1.9 km). Its flybys every four years
are what make this asteroid remarkable.

; o Astronomers first spotted it during a flyby
Toutatis imaged by in 1934 but soon lost it. It was rediscovered in

JPL / STEVE OSTRO

radar during its 1989 and was named with its possible threat of
November 1996 flyby.

crashing to Earth in mind. “Toutatis” was a god
of ancient Gaul who's now best known from the French Astérix le Gaulois
cartoons and comic books. In them, the village chief often prays to
Toutatis to keep the sky from falling. It always works.

Toutatis is in a chaotic 4-year orbit that’s currently governed by a 1:4
resonance with Earth and a 3:1 resonance with Jupiter. But the asteroid
is tweaked this way and that by its close Earth passes. We're safe from
it for at least the next six centuries, and in the long run, it's much more
likely to be ejected from the solar system than to hit our planet.

Toutatis passes closest on the night of December 11-12 at a distance
of 0.046 astronomical unit (4.3 million miles, 6.9 million km). It should
then be shining at magnitude 10.9, brightening to a peak of 10.5 four
nights later. During that time it’s crossing Cetus and Pisces high in the
evening sky. Our charts here plot it for American and European observ-
ing hours on those four key nights. Toutatis will be creeping across the
stars at about 20 arcseconds per minute, fast enough for you to see its
motion in real time.

Four years ago it didn’t come quite so close. But four years before that
(in September 2004) it missed Earth by just 0.01 a.u., less than a quarter
of its distance this time. Its best showing then was for the Southern
Hemisphere, but many mid-northern observers will remember tracking
it low in the south a few days later at magnitude 10. 4

Star magnitudes
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Exploring the Moon

NASA [ GSFC [ ARIZONA STATE UNIVERSITY
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Observing History

Challenge yourself to see as well as the best 19th-century lunar cartographers.

Recently while observing the Moon with my 4-inch f/11
refractor, I spent some time thinking about why I like
this particular instrument. Besides the high contrast and
sharp definition it provides, the telescope presents me
with a tangible connection with famous lunar observers of
the 19th century. The premier lunar mappers of that era
— Johann Midler, Edmund Neison, and Julius Schmidt
— used refractors with apertures of 3.7 to 6 inches.

These observers needed infinitely more patience than
amateurs today, because they worked before photography
became an effective astronomical tool. All of their maps
were based on drawings made at the eyepiece. I'm still
awed by what these classic observers saw, and contemplat-
ing their long hours bent over sketchbooks makes me
more forgiving of the errors they made in depicting lunar
features at the edge of their resolution limits.

While observing the seven-day-old Moon recently, 1
found it especially difficult to detect the K-shaped pat-
tern of rilles east of Triesnecker Crater. I found that if I
focused intently on the nearby Rima Hyginus and then
shifted my gaze to Triesnecker, I could glimpse the main
north-south rille, but otherwise the “K” was invisible to
me. If I had not known it existed, I wouldn’t have sus-
pected anything was there.

But Midler, when observing with a 3.7-inch telescope
during the early 1830s, saw the Triesnecker rilles; his
map has some errors, but the general pattern of the rilles

r 2012 SKY & TELESCOPE

is correct. The same is true for Neison and probably
Schmidt, although his mapping style is less clear than
that of the others. Perhaps the eyes or telescopes of these
observers were superior to mine. On the other hand, I
only spent one evening looking, while these men spent
years compiling their maps, using multiple observations
to confirm what they saw. I wonder, what size scope is
needed by modern observers to definitely see the Tries-
necker rilles?

Comparing these three cartographers’ depictions of
the Rima Hyginus quickly reveals differences. Neison’s
map of the eastern rille shows five pits along its length,
but none are in Midler’s. In the 19th century, astrono-
mers sometimes thought these differences signaled the
sudden appearance of new features, proof that the Moon
was still geologically active. Without any credible author-
ity to take a side on which features existed, it was easy to
think differences might reflect real changes. Thus, the
mistaken belief in lunar activity continued for more than
100 years.

Unfortunately, this search for changes diverted atten-
tion from understanding the Moon’s geologic history.
While looking for small changes, observers overlooked
features such as the multi-ring impact basins, the largest
lunar landforms. Over time, excited claims of alterations
in features such as Linné, Hyginus N, and the small
craterlets in Plato became doubtful, perhaps because no



To get a daily lunar fix, visit contributing editor
Charles Wood’s website: Ipod.wikispaces.com.

Charles A. Wood

unambiguous change was ever documented.

Now that imagers often capture smaller detail than
can be seen through an eyepiece, I sometimes ask, why
bother to visually observe the Moon? But as soon as I look
through my little refractor, I know the answer. The Moon
is always changing, although not physically as 19th-cen-

tury observers hoped. The view it presents is always new
as sunlight relentlessly moves across its face and the Moon
tips back and forth in its librations. There are only so many
good images of any one place on the Moon, but over a
lifetime I can see an unending series of new perspectives.

These details affect me more viscerally when I notice
them at the telescope than they do when I'm having simi-
lar revelations sitting in front of a computer screen. So I
await the next opportunity of personal discovery, when

I can point my telescope at the Moon and find features I
have overlooked and under-appreciated. 4

Comparing features around Triesnecker Crater to their depictions
in 19th-century maps by Julius Schmidt, Edmund Neison, and
Johann Midler helps the author gain new appreciation for these
classic cartographers’ observational talents. South is up to match
the depiction in the three accompanying maps. (Turn the page
upside down to see the “K” pattern of rilles.)

The Moon December 2012
Phases Distances
LAST QUARTER Perigee December 12, 23" UT
December 6, 15:31 UT 223405 miles  diam. 33’ 14”

NEW MOON Apogee December 25, 21" UT
Decmb el 251,253 miles  diam. 29’ 33"
FIRST QUARTER
December 20, 5:19 UT T
Librations
FULL MOON McLaughli it D ber7
December 28, 10:21 UT claughlin (crater) ecember
Lyot (crater) December 17
For key dates, yellow dots indicate Jenner (crater) December 19
hich part of the Moon’s limb i
CrEein s R B T Abel (crater) December 21

tipped the most toward Earth by
libration under favorable illumination.

S&T: DENNIS DI CICCO
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Deep-Sky Wonders

HILLARY MATHIS / NIGEL A. SHARP / NOAO / AURA / NSF

The Laconian Key

A great variety of clusters occupy one tiny piece of Cassiopeia.

But lustrous in the full-mooned night, sits Cassiopeia.
Not numerous nor double-rowed
The gems that deck her form.
But like a key which through an inward-fastened
Folding-door men thrust to knock aside the bolts,
They shine in single zigzag row.
— Aratus, Phaenomena

Gazing northward on a wintry night, we see the familiar
pattern of Cassiopeia as an M inscribed on the sky. The
Greeks also knew this pattern as the Laconian key, whose
creation they attributed to the Spartans in the region of
Greece known as Laconia. A Laconian key supposedly had
three teeth that gave it the shape of an M, but a blockier M
than we behold in our heavenly queen.

Let’s begin our sky tour with Messier 103, handily
located near Delta (5) Cassiopeiae in the Laconian key.
Charles Messier’s friend and colleague Pierre Méchain
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discovered this open cluster, and Messier didn’t have time
to observe the cluster himself before incorporating it into
his 1781 catalog. M103 is the last object that Messier ever
added to the catalog. More than a century later, other
astronomers appended M104 through M110, citing evi-
dence that they were seen by either Messier or Méchain.
M103 is visible in my 9x50 finderscope as a compact line
of three stars, the middle one having a faint companion to
the south. Delta and M103 share the field of view through
my 105-mm (4.1-inch) refractor at 28x. The line’s middle
star is an orange ember, and 11 faint stars transform the
group into a 5 triangle with its brightest star adorning the
north-northwestern corner. At 87x the cluster swells to
about 6" and 30 stars, some beyond the triangle’s border.
My 10-inch reflector at 187x polishes these gems and adds
about 10 more sparkles to this very pretty cluster.
Climbing 41" north-northeast we come to the open clus-
ter Trumpler 1. My 105-mm scope at 122X shows a tight

Star magnitudes
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Sue French welcomes your comments at scfrench@nycap.rr.com.

re

' -Trumpier 1

little line of four stars in a northeast-southwest line. Mas-
sachusetts amateur John Davis calls this “marvelous little
asterism” the Zipper. My scope also shows several fainter
stars: two flanking the Zipper’s northeastern end, one

just west of its southwestern end, a longer line of three

stars to its south, and a couple of very faint stars intermit-
tently visible to its west. The entire group spans only 21/2".

Trumpler 1is named for Robert Julius Trumpler, who
included it in his 1930 Lick Observatory Bulletin on open
clusters. It was the first anonymous object in Trumpler’s
list of 334 clusters, but Trumpler acknowledges its previ-
ous photographic discovery by Isaac Roberts (Monthly
Notices of the Royal Astronomical Society, 1893), who called
it “a very remarkable group of stars arranged in two paral-
lel straight lines of four each. The stars are all of about
10th mag., and the photo-disks partly overlap each other,
so that the combination appears like a star trail; and, in
order to make sure that it was not a trail, a second photo-
graph was taken with a short exposure.”

Through my 10-inch scope at 187x, Czernik 4 pops out
11" north of Trumpler 1 in the same field of view. This nifty
little cluster is dominated by a bright golden star that
forms a %2" box with three fainter suns. The box is neatly
nestled inside a 1%2’-tall trapezoid of four more stars.

The Polish astronomer Mieczyslaw Wojciech Czernik
discovered his clusters by examining National Geographic
Society — Palomar Sky Atlas charts. Of the 45 objects that
he reported in Acta Astronomica (1966), three weren’t
original discoveries and four weren’t clusters.

Exactly 2° north-northwest of Czernik 4, we come
to the open cluster NGC 559 (shown on the following
page). It’s easy to spot as a granular hazy patch with a few
faint specks through my 105-mm refractor at 17x. A few
additional stars turn up at 87x. The group appears about 6’
across, and a ragged tail of 10th- to 12th-magnitude stars
reaches northwest from the group. In my 10-inch scope at

_ Czernik 4

¥ .

Sue French _'7

Messier 103, the
brightest star cluster
described in this
article, is shown on
the facing page in a
field of view 8’ wide.
All the other clusters
are shown at a smaller
scale, in fields of view
15" wide.

118%, NGC 559 is a pretty cluster, rich in faint stars, and
elongated northeast-southwest. At 171x I count 45 stars in
about 5%2" x 4’. The three brightest stars make a skinny
isosceles triangle near the center of the group.

In a 2007 paper in Astronomy & Astrophysics, Gracjan
Maciejewski and Andrzej Niedzielski estimate that NGC
559 has 7,286 stars and a total mass 3,170 times greater
than our Sun. The authors give the cluster’s core radius as
2.3” and its limiting radius as 14.5".

Now we’ll move to Epsilon (€) Cassiopeiae in the
Laconian key and then sweep 46’ west-northwest to the
double star Engelmann 7 (ENG 7). This is a widely split
and colorful pair through my 105-mm refractor at 17x.
The bright golden primary watches over a considerably
dimmer reddish companion to the south.

Clusters and Double Stars in Eastern Cassiopeia

Object Type Mag(v) Size/Sep RA Dec. Distance
M103 Open cluster 7.4 6.0 1"33.4m  +60°40" 7,000 |-y
Tr Open cluster 8.1 3.0 1357  +61°17° 8,000 |-y
Cz4 Open cluster — 4.0’ 1h356m  +61°29” 5,000 |-y
NGC 559 Open cluster 9.5 7.0 1"29.5™  +63°18" 4,000 |-y
ENG 7 Double star 5.7,9.9 46” 1h47.7m  +63° 51"

NGC 637 Open cluster 8.2 3.5 1431 +64°02° 7,000 |-y
NGC 609 Open cluster 11.0 3.0” 1"36.4™  +64°32" 13,000 |-y
2163 Double star 6.8, 9.1 35”7 1h51.3m  +64° 51"

Angular sizes and separations 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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NGC559 *

NGC 637

A study in the Journal of Double Star Observations (2005)
indicates that the components of Engelmann 7 aren’t
physically related. The investigators conclude that the com-
panion star’s motion is consistent with travel in a straight
line and too fast for a gravitationally bound system.

The cluster NGC 637 sits 33" west-northwest of Engel-
mann 7. My 105-mm scope at 127x shows a right triangle
made by four 10th- and 11th-magnitude field stars. Two of
the stars mark the triangle’s eastern point, and the other
two form its 6.3-long, north-south hypotenuse. NGC 637
dangles just below the triangle’s northern corner. The
group harbors a small knot of four stars similar in mag-
nitude to the triangle stars, plus quite a few very faint to
extremely faint stars. Just 9” apart, two of the knot’s stars
form the double Stein 264 (STI 264). My 10-inch reflector
at 171x crowds 25 suns into a 32’ cluster.

The pulsations of certain variable stars can be used
as seismic waves to probe their internal structure. NGC
637 promises to be a good target for this type of study,
known as asteroseismology. In Astronomy & Astrophysics
last year, Gerald Handler and Stefan Meingast confirmed
the presence of one Beta Cephei variable in NGC 637 and
discovered at least three more. Having several pulsa-
tors in a cluster simplifies asteroseismic studies. Their
better-known distances help astronomers determine key

More on the Web @ SkyandTelescope.com

Interactive Sky Chart
Interactive Observing Tools
Weekly Observing Guide
Weekly TV Program
Celestial Objects to Observe
Books and Back Issues

skypub.com/skychart
skypub.com/tools
skypub.com/ataglance
skyweek.com
skypub.com/objects
shopatsky.com
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properties such as luminosity and temperature, and their
similar ages and chemical compositions constrain the
derived stellar models.

The rich cluster NGC 609 is perched 53" northwest
of NGC 637. It’s merely a small spot of fuzz through my
105-mm refractor at 47x. The northernmost member of
a very widely spaced pair of 9th-magnitude stars guards
its southeastern flank. My 10-inch scope at 118x unveils
only a few very faint stars, but at 220x many very faint to
extremely faint stars spangle a glowing mist 3’ across.

NGC 609 is an ancient open cluster about 1.7 billion
years old, while the rest of the groups in this tour have
relatively youthful ages of 10 million to 100 million years.
NGC 609 is also the most distant at 13,000 light-years.
The distances to the other clusters are listed in the table
on the previous page.

Returning to the Draconian-key star Epsilon and then
hiking 1.2° north-northwest takes us to another colorful
double star, Struve 163 (X163 or STF 163). I can recog-
nize the 6.8-magnitude primary immediately by its lovely
red-orange color when viewed with my 105-mm scope at
17x. A wide and considerably fainter companion attends
it from the northeast. The companion shows no color
through my little refractor, but it appears icy blue-white in
the 10-inch reflector. 4

DID YOU KNOW?

Senior contributing editor J. Kelly Beatty records

a podcast describing the most exciting celestial
sights and events for each month. It’s a great

way to tour the night sky without losing your dark
adaptation by reading text off a bright screen. You
can find it at skypub.com/podcasts.
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S&T Test Report  Dennis di Cicco

The ONAG looks like an exotic star diagonal and works by reflecting visual light to an imaging camera and transmitting infrared
light to an autoguider. The author tested it with the Sky-Watcher 120-mm f/7 refractor reviewed in last June’s issue, page 34.

The digital revolution

(and the ONAG) gives
us a new way to guide
our astrophotos

Innovations Foresight’s ONAG

U.S. price: $989

Innovations Foresight, LLC

225 Cadwalader Ave.; Elkins Park, PA 19027
innovationsforesight.com; 215-885-3330

December 2012 SKY & TELESCOPE

OBSERVERS HAVE BEEN guiding their telescopes since

the dawn of long-exposure astrophotography. It’s a need that
arises from a very long list of mechanical, optical, and atmo-
spheric factors that makes it all but impossible for a simple tele-
scope drive to precisely follow a celestial object for more than a
minute or two as it moves across the sky.

The history of astrophotography is filled with ingenious ways
people have devised to guide telescopes, and I thought about
recapping some of them. But then I realized it would take way
too much space to cover just the methods developed before the
digital revolution began rewriting astrophotography’s rules.
Indeed, I've reviewed two products recently — the Telescope
Drive Master (October 2011 issue, page 60) and the Paramount

ALL IMAGES BY THE AUTHOR



MX (July 2012, page 64) — that use digital technol-

ogy to transform the way we guide our telescopes. Now
the ONAG (short for on-axis guider) from Innovations
Foresight offers yet another fascinating method that is a
byproduct of the digital age.

The Concept

One of the best ways to guide a telescope has always been
to track a star at the edge of its field of view. Known as
off-axis guiding (because the guide star is outside the field
being photographed), the method eliminates many (but not
all) of the mechanical, optical, and atmospheric problems
mentioned above because the images of the celestial object
being recorded and the guide star are formed by the same
optical system. Off-axis guiding became mainstream

with amateurs after the introduction of popular Schmidt-
Cassegrain telescopes in the early 1970s, but it dates back
to the earliest days of long-exposure photography at the
turn of the 20th century. And it’s the way the largest
professional telescopes were guided when emulsion-based
photography ruled the world of astronomy.

One downside to off-axis guiding, especially in the
case of moving objects such as asteroids and comets, is
that you can’t guide on the same object you are imaging.
Some people have tackled this problem by using a beam
splitter to share a telescope’s field of view with the imag-
ing camera and guiding system, but this robs the camera
of valuable light.

Enter the ONAG. Because digital detectors in today’s
autoguiders are sensitive to near-infrared (NIR) light
beyond the visual spectrum, the ONAG works by sending
a telescope’s visible light to the imaging camera and the
NIR to the guiding system. It does this with a beam split-
ter made from a so-called “cold mirror” that reflects visual
wavelengths between 350 and 750 nanometers to one focal
plane and transmits NIR beyond 750 nm to another. Inge-
nious! And it works because digital technology has given
us the opportunity to easily use NIR light for guiding.

The ONAG

As clever as the concept behind the ONAG is, the devil is
in the details, and that’s where the ONAG really shines.
The device, which from a distance looks a bit like an
oversized star diagonal, is extremely well engineered and,
more importantly, well made.

Even people new to long-exposure astrophotography
have heard about the gremlin “differential flexure” that
ruins photographs when there’s shift between the imag-
ing and guiding systems. This is a particularly common
problem for people using separate telescopes for guiding
and imaging. Despite conventional wisdom, differential
flexure can also be a problem with off-axis (and on-axis)
guiding if there isn’t an absolutely rigid connection
between the imaging and guiding detectors. The ONAG
has a very rigid connection, and it’s especially noteworthy

Left and below: The ONAG’s
autoguider port accepts stan-
dard 1%4-inch equipment and
comes with a fitting that has
male T threads. The port is on
an X-Y platform that travels
on pairs of precision rails and
locks in place with a total of
eight nylon thumbscrews. The
yellow scales on the X-Y axes
can assist in positioning the
port for guide stars selected
in advance from star charts.

Below: Faint ghost images sometimes appeared near bright stars centered in
the field of view, but it’s unknown if they were due to the ONAG. Because the
bright star 52 Cygni was slightly displaced from the center, it did not show a
ghost in this view of the western Veil Nebula, NGC 6960.
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. S&T Test Report

Guiding with the ONAG was so accurate that the author did not need to use stars to register the 90 minutes of exposures that were stacked for this
view of the “Central America” region of the North America Nebula. Sean Walker did the final processing for all the astronomical images in this review.

because the device has an adjustable X-Y
mounting for the guide camera, which
helps in the search for suitable guide stars.
Using the ONAG involves getting your
imaging camera and autoguider to reach
focus simultaneously, and that means
there are a lot of physical parameters to
consider for your particular equipment.
Fortunately, the Innovations Foresight
website (http://innovationsforesight.com)
gives very detailed mechanical specifica-
tions for the ONAG. So I'll just relate a few
of the fundamental ones here. Because the
ONAG’s imaging port has a camera mount
with male T threads, the system is best for
detectors that span no more than 28 mm
across their diagonal dimension. Although
this includes the APS-size chips in popular
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DSLR cameras and Kodak’s KAF-8300
CCD found in many high-end astronomical
cameras, it is not large enough to com-
pletely illuminate the detectors in full-
frame DSLRs or Kodak’s KAF-11000 CCD.
The minimum back-focus distance
between the female T threads on the
ONAG’s front mounting plate and the
imaging port is 66 mm (2.6 inches), while
the nominal back focus to the guiding
port is 90 mm, with plus or minus 4V2
mm available for focusing. Since most
imaging cameras have more internal back
focus (for filter wheels and the like) than
autoguiders, the difference between the
back focus on the ONAG’s imaging and
guiding ports is an advantage. As the
accompanying pictures show, my setup

with an early model SBIG ST-8300 camera
and filter wheel and a now-vintage SBIG
STV autoguider came to perfect focus
without additional adapters. But for other
setups that might need them, the ONAG
comes with a set of 8-, 16-, and 24-mm
extension tubes that work on both ports.
The ONAG comes with a standard 2-inch
nosepiece as well as a dedicated adapter
that attaches directly onto the back of
8-inch Schmidt-Cassegrain telescopes.

The Guide Stars

The guider port accepts standard 1%4-inch
equipment, and it comes with a drawtube
with male T threads. As mentioned above,
there’s an X-Y stage on the guider port
that allows the user to move the center of




the autoguider’s view 28 mm horizontally
and 23 mm vertically, so you can essen-
tially “explore” a 46-mm-diameter area of
your telescope’s focal plane to search for
appropriate guide stars. This area is huge
compared to what’s available with most off-
axis guiding systems. But there’s another
aspect of the ONAG that further improves
the efficiency of finding a guide star.

As anyone who has done off-axis
guiding knows, many telescopes pro-
duce crummy off-axis star images that
are smeared by optical aberrations and
dimmed by vignetting. Fainter off-axis
stars can be so compromised that it
becomes difficult for an autoguider to
lock onto them for tracking. The guide
stars available to the ONAG are closer to
the telescope’s optical axis and are thus
of much better quality for guiding. That
said, the ONAG’s guide stars are not per-
fect, since they suffer from astigmatism
introduced by the telescope’s converging
beam passing through the cold mirror’s
glass substrate tilted at a 45° angle to the
optical axis. With careful focusing of the
guide camera, the ONAG’s guide stars
were “tight” enough for my setup to easily
guide on them. But Innovations Foresight
offers an optional astigmatism corrector
for those who want “imaging quality”
stars available at the guiding port.

Although you can use virtually any cam-
era that works as an autoguider with the
ONAG, it has to be one without a built-in
infrared-blocking filter. The only cameras
that might have such a filter would be
one-shot color cameras. Another aspect of
the ONAG’s guiding system worth noting
is the apparent brightness of stars viewed

What we liked:

Uses guide stars in the same
field being imaged

Excellent engineering and
mechanical construction
Capable of extraordinary
guiding accuracy

What we didn’t like:
Size of imaging field limited by
T-thread fittings

Selecting guide stars in advance
based on visual magnitudes can
be misleading

at NIR wavelengths. What you “see” is not
always what you get. Many stars that appear
bright to our eyes can be relatively faint
at NIR wavelength, and vice versa. This
is of little consequence if you're hunting
for guide stars by taking snapshots with
your autoguider, since you'll just pick an
appropriate star from the images. But it can
complicate matters if you plan your imag-
ing sessions beforehand with star charts.
As a case in point, consider the image
of the open star cluster Collinder 399
(The Coathanger) on page 40. Although
the westernmost star in the Coathanger’s
bar is visually the faintest, my autoguider
on the ONAG saw it as nearly twice the
brightness of any of the other stars in the
bar. Typically, stars with later spectral
types (those redder than the Sun) are rela-
tively brighter at NIR wavelengths than
earlier (bluish and white) stars. As such,
planetarium programs that show stellar
spectral types (such as Software Bisque’s
TheSkyX) can be helpful if you want to
pinpoint potential guide stars in advance.
The only other aspect of the ONAG that
I had to adapt to was the mirror-reversed
“raw” views from my imaging camera.
Although image-processing software can
flip these images to make them right
reading, I didn’t always do this at the
telescope. I was also handicapped by years
of experience framing photos based on
the merest hints of an object visible in a
camera’s viewfinder or in short test expo-
sures, so more than once I mistakenly
used a raw test exposure from the ONAG
to nudge the telescope in the wrong direc-
tion before shooting a long exposure. All
astrophotographers develop their own

As explained in the accompanying text, the author
could simultaneously image and guide on the asteroid
Pallas in this 1/%2-hour exposure obtained during the
early morning of last September 24th.

system of workflow at the telescope, so 1
can’t recommend the best way to deal with
the ONAG’s mirror-reversed images other
than to just call attention to them.

The Results
From the get-go I had excellent results
with the ONAG. With autoguider expo-
sures of 5 seconds or less, I could often
find a suitable guide star without hav-
ing to move the autoguider on the X-Y
platform after [ had my target framed in
the field of the ST-8300 imaging cam-
era. Those using imaging cameras with
smaller detectors (which offer less flex-
ibility framing targets), or with telescopes
having a slower focal ratio than the f/7
system I was using (finding guide stars is
a function of f/ratio, not aperture or focal
length alone), may have to rely more on
the X-Y adjustments to locate guide stars.
The guiding was remarkably accurate
during all of my testing. The image of the
asteroid 2 Pallas below is a good example.
Although the picture shows that I could
guide on the moving target and image it
simultaneously, it’s the result of stacking
18 five-minute exposures by registering
the frames only to themselves (not to the
asteroid or any stars). Had there been
wobbly guiding or any differential flexure
between the imaging camera and autogu-
ider, Pallas would have showed a trailed
image along with the stars. Although I
generally use multiple stars as registration
points when I stack my deep-sky frames, I
could often dispense with this step when
stacking images made with the ONAG.
The cold mirror did not introduce any
obvious color shift to my images.

After working with the ONAG for many
nights last fall, T can certainly say that it’s
easier to use than any off-axis system I've
tried (and that includes a few that I built
myself). It also produced some of the most
accurately guided image sequences I've
ever obtained. It’s yet one more way that
digital technology has made the challenge
of acquiring accurately guided images
easier than ever before. 4

Senior editor Dennis di Cicco doubts he can
recall all the ways he’s tried guiding tele-
scopes during his nearly 50 years as an active
astrophotographer.
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New Product Showcase

v NEW TAK Takahashi unveils its new FC-76DC apochro-
matic refractor ($1,949). This 76-mm f/7.5 telescope utilizes

a two-element, air-spaced objective with a multi-coated
fluorite rear lens and an “eco-glass” front element to provide
color-free views and tack-sharp images. Weighing 4 pounds
(1.8 kg) and being only 25 inches (64 cm) long, the scope also

features a 2.6-inch focuser to accommodate large CCD and g
DSLR detectors and other heavy accessories. A dedicated 2
focal reducer is available that shortens the focal ratio to f/5.5 §
and fully illuminates a 36-mm image circle. A non-reducing, :
dedicated field flattener is also available as an option.
A PORTABLE PIER Software Bisque unveils its
Texas Nautical Repair new Pyramid Portable Pier ($1,700). Weighing only
1925A Richmond Ave., Houston, TX 77098 20 pounds (9 kg), the pier is designed to mate with
713-529-3551; www.takahashiamerica.com the company’s new Paramount MX Robotic

Telescope Mount (reviewed in last July’s issue, page
64). The pier’s tubular leg design is capable of
supporting up to 250 pounds, and its mounting
base can rotate a full 360°. Raised leveling-adjust-
ment knobs allow you to find horizontal position
without crouching, and the pier feet swivel to
conform to uneven terrain. The Pyramid Portable
Pier also includes a center tray to hold accessories.

Software Bisque, Inc.
862 Brickyard Circle, Golden, CO 80403
303-278-4478; www.bisque.com

PLANETARY HOW-TO The new CD-ROM book A Guide to DSLR Plan-
etary Imaging by Jerry Lodriguss ($39.95) explains how to capture and
process high-resolution images of the Sun, Moon, and planets by recording
high-definition video with a Canon DSLR camera. Learn how to use “lucky
imaging” techniques to record sunspots, tiny lunar craters, and subtle detail
on the planets. The book is written in HTML and can be viewed with any
web browser on both Mac and PC computers. It also includes a glossary of
planetary-imaging terms, a built-in search engine, imaging formulas and
calculators, and video tutorials on processing planetary images. See the
author’s website for additional details.

Jerry Lodriguss: A Guide to DSLR Planetary Imaging, Available at www.astropix.com

JERRY LODRICUSS

New Product Showcase is a reader service featuring innovative equipment and software of interest to amateur astronomers. The descriptions are based largely on informa-
tion 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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Gary Seronik

Telescope Workshop

Pimp Your StarBlast

Here’s how several readers have customized Orion’s popular reflector.

ONE OF THE BEST WAYS todip a toe into the

telescope-making waters is to modify an existing instru-
ment. In addition to getting some valuable hands-on
experience, you'll also end up with a piece of gear that’s
uniquely your own. The popular 4}2-inch StarBlast reflec-
tor from Orion Telescopes & Binoculars is a good custom-
ization candidate. It’s basic, relatively inexpensive, and, as
several have reported, fun to modity.

One striking example of a cosmetic upgrade is Ed
Neuzil’s faux wood-tubed StarBlast. “T used contact
cement to glue a thin veneer
of cherry wood onto a 5Y2-inch
phenolic model-rocket tube,”
Ed explains. He finished it
off with a couple of coats of
orange-tinted polyurethane
that he buffed to a high-gloss
finish with automotive polish-
ing compound.

Ed says that if were to do it
again, he'd use a stronger material called “blue tube” from
Apogee Components (www.apogeerockets.com). Because
his new tube was thicker than the scope’s original metal
tube, the front and rear fittings had to be changed. “The
rear cell is from another scope that had the right inside
diameter,” he explains. “The front ring is actually several
strips of I-inch-wide veneer laminated onto the tube and
painted black.” The finished scope is wonderfully elegant
and evokes a 19th-century aesthetic. (Readers can contact
Ed at ngc7332@gmail.com.)

On the wish list for many StarBlast owners is a focuser
for 2-inch eyepieces. But as Paul Starr discovered, mak-
ing this mod isn’t quite as simple as swapping the stock
focuser for a new one, since the replacement unit needs to
be the same height. “I looked into changing the focuser
several times in the past and

Ed_.N_euz?l £

couldn’t find anything appro-
priate that didn’t approach the
price of the scope itself,” Paul
recalls. Eventually he came
upon an inexpensive helical
focuser by Meridian Telescopes
(www.meridiantelescopes.com).

Paul had to first enlarge the

Paul Start
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exiting focuser hole by trimming the tube with tin snips.
To provide a sufficiently robust connection for the new
focuser, he fabricated a mounting plate from 20-gauge
sheet metal, attached the focuser to the plate, and then
bolted the whole assembly to the scope.

The result is a StarBlast that better suites Paul’s
observing needs. “I can now use heavy, well-corrected
2-inch eyepieces for really wide fields of view,” he reports.
“The new focuser improves the utility of the scope and
was well worth the money, time, and effort to install.”
(Paul can be reached at pstarr7@yahoo.com.)

One of the StarBlast’s greatest virtues is that it works
for many different observing
tasks. “I've been interested in
observing satellites since the
days of Sputnik,” John Graham
recounts. “I tend to use scopes
with wide fields of view, so the
StarBlast seemed like it would
be a fine satellite tracker.”

The stock StarBlast mount
is simple and sturdy, but it
lacks setting circles. For John,
this was a mod waiting to hap-
pen. “I designed a set of set-
ting circles using a CAD program, printed them out on
heavy card stock, and laminated them onto foam-core sheets
with clear packing tape.”

The setting circles help him aim the scope at a point
along the target satellite’s flight path. “I use a program
called SatSpy, which prepares tables listing a satellite’s
altitude and azimuth at 1-minute intervals,” John explains.
“I set the telescope to a position listed in the table, wait for
the satellite to appear, and then follow it across the sky.”

The setting circles assist with more than just satel-
lite tracking. Using a software package that provides
real-time altitude and azimuth coordinates, John also
locates difficult deep-sky objects by dialing in their posi-
tions. From Earth-orbiting satellites to the depths of the
universe — now that’s a versatile scope. (John can be
e-mailed at john.graham @udri.udayton.edu.) 4

Contributing editor Gary Seronik has his own modified Star-
Blast featured on his website, www.garyseronik.com.
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¢ Image-Processing Basics

ABCs
"CCD

Imaging

Follow these simple
suggestions to get the most
out of your CCD images.

Warren Keller Have you ever been told to mind your

P’s and Q’s? How about cross your T’s or
dot your I's? Attention to detail is essential to the art and
science of deep-sky CCD imaging. But if you're thinking
about getting started collecting your own photons, I have
good news. You can forget about 25 letters of the alphabet

and concentrate on one — S — and its multiple meanings.

Signal

Great astrophotography is all about signal, and having
lots of it. Producing beautiful astrophotos today is done
by making many short individual exposures (known as
subframes) and combining them into master files. In this
way, a faint signal from an astronomical target accumu-
lates on a CCD, while the random electronic noise associ-
ated with digital exposures is reduced.

Obtaining quality signal isn't easy, but once you've
mastered the technique of shooting sharply focused
images with nice, round stars, you're ready to move ahead
with gathering good signal. Whether you acquire the
exposures with a one-shot color (OSC) CCD camera, a
DSLR, or through separate color filters and a monochro-
matic CCD camera, you need to calibrate and then stack
them. Stacking is a metaphor for digitally combining
multiple exposures.
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Subtract

Besides the “light” exposures of your target, you need
additional exposures so that you can properly calibrate
the light frames before stacking them. These exposures
include dark frames, bias frames, and flat-field images.
Let’s have a look at what each of these shots accomplish
and how they make your final results better.

Because most astronomical subjects beyond our solar
system are exceedingly faint, it takes many minutes of
exposure to accumulate enough signal to detect their
dimmest regions. During these long exposures, your digi-
tal camera generates thermal noise that appears as snowy
dots all across your image. Fortunately, this unwanted
noise is predictable and can be minimized by subtracting
what is known as a dark frame.

Dark frames are exposures made with the camera or
telescope objective covered, so that no light reaches the



ALL IMAGES COURTESY O RREN KELLER

This dazzling color image of IC 434 in Orion is just one example of what’s possible with digital cameras today. Author Warren Keller
explains the basic processing steps necessary to get you started on producing your own celestial masterpieces.

detector and only the camera’s thermal signal is recorded.
To be effective, dark frames must be taken with the same
conditions — exposure duration, detector temperature,
and pixel binning mode — as the light frames they are
meant to calibrate. When many dark frames are recorded
and combined to make a master dark frame, and that mas-
ter is subtracted from each individual light exposure, it

removes the majority of the snowy dots of thermal signal.
In the case of low-noise chips such as Sony’s Super

HAD CCD detectors, darks have been shown to be

redundant and may actually contribute noise. Rather than

use dark frames for calibration, you can often process

an image from these detectors using a defect map of the

sensor’s hot pixels. Hot pixels appear as bright specks

in an image. Every sensor has them, and they become
especially problematic during image stacking. Some
image-processing software can use a sensor’s defect map
to eliminate bad pixels by filling them with an average
value from the surrounding pixels. In this case, the result
is better than a dark-frame calibration, as darks merely
subtract the hot pixels, leaving a black pixel.

Because flat-field frames for image calibration can
be tricky, they are often the last ones to be conquered by
new imagers. Just as darks and biases are portraits of the
flaws in the camera’s electronics, flats are a portrait of the
anomalies in the optical system. In some cases, you can
dispense with flats, but when uneven illumination and
dust particles are visible in your light images, the best
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Far left: It’s necessary to subtract dark frames
from most CCD images. Dark frames record
the thermal charge that builds up during an
exposure. They should be recorded at the same
temperature and duration as the light frames
they are to be applied to. Near left: Flat-field
images should also be applied to your raw files
to remove dust shadows and vignetting (uneven
field illumination). Flat-field images are pictures
of a blank, evenly illuminated target.

way to correct them is by using flats.

Flat-field frames are exposures made with your tele-
scope pointed at a blank, evenly illuminated target. They
should have an exposure duration that produces pixels
with an average brightness value of one-third to one-half
of the camera’s specified saturation level (this value is eas-
ily read by software). Light boxes and electroluminescent
panels with adjustable brightness settings are increas-
ingly popular devices for making flat-field exposures, as
Peter Kalajian explained in his article in the March 2011
issue, page 72. Just like light exposures, you should record
and calibrate your flat-field images with multiple dark
frames recorded at the same temperature and duration.

Stacking

Once you've completed calibration of your light frames,
you can move on to combining them. If you're imaging
with an OSC camera, you should debayer (color convert)
the individual subexposures, transforming the grayscale
images into color pictures, before stacking. The individual
subexposures should now be aligned, since it’s inevitable
that a slight image drift will occur between subexposures,
making the same bit of image detail fall on different
pixels in each frame. Drift sometimes includes field
rotation as well as simple translation. Most astronomi-
cal image-processing programs include some method to
align images by matching star patterns in each image
with subpixel accuracy. Once the images are aligned, the
files are ready to be stacked into a master.

Software typically offers several methods to combine
subexposures, with sum, average, median, and sigma reject
being the most common. Because of some inevitable
random signal present in many images (such as cosmic
ray artifacts or satellite and airplane trails), the sum and
average methods are not my first choice because they
include these artifacts in the stacked result, though

they produce the highest signal. To deal with these
anomalies, you should use a statistical-rejection method.
Median combine removes many of these image artifacts,

Combining multiple exposures together reduces the grainy
appearance while increasing the signal of faint targets. The
examples at left show the result of a single exposure (top)
compared to a stack of three subexposures (middle), while the
result of combining nine images (bottom) is even smoother.
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but it produces a grainy result. Most imagers choose a
sigma-rejection stacking method, essentially an excel-
lent compromise between average and median combine.
Sigma-reject stacking checks to see if a given pixel’s
brightness value is relatively similar in a majority of the
subexposures, and rejects any pixel value that is beyond
the standard deviation of the majority.

In the case of one-shot color cameras, the stacked
image is now ready for post-processing. Images recorded
through separate color filters with a monochromatic
camera require a few more steps. Separate red, green, and
blue master files (and unfiltered luminance images) have
to be aligned and stacked independently. You create the
color image by aligning and combining these color-filtered
stacks into a master RGB image called a chrominance.
Although the chrominance image provides the beautiful
color, it’s the luminance image (shot without color filters)
that can contribute some of the sharpest detail. Your CCD
image-processing software can combine luminance and
chrominance, but it’s often best to reserve this step for
other post-processing software such as Adobe Photoshop,
which provides better control over both components.

Stretching

Stacked subframes produce an image that needs to be
stretched. Unlike daylight images, the vast majority of
celestial objects are so faint that even with hours of expo-
sure, the combined result appears mostly black with a
smattering of stars across the field. We need to stretch the
image to reveal our target.

When we examine the histogram (below)
of a typical daylight photo such as the
canyon at right, it displays a wide range of
brightness levels from the darkest regions
at the left of the graph to the bright high-
lights at the right. The histogram of the
calibrated deep-sky image at the far lower
right reveals a single spike that represents
the signal of galaxy NGC 4565 in the
image. This spike needs to be stretched
sideways to better distribute the light and
dark levels in the galaxy.

HISTOGRAM

Channel: RGE v

Entire Image

So what is stretching? To find out, we first need to
examine a graph called a histogram. The histogram
displays the range of dark and light levels in an image.
Every good image-processing program has some form
of histogram display. If we look at the histogram of a
typical daylight photograph, the intensity range is spread
out, occupying the majority of the graph. But when we
examine the histogram of a typical unprocessed deep-sky
photo, it generally consists of a flat graph with a single
thin spike. That spike holds the bulk of the information
in our precious data; everything to the right of that spike
is a star. Our task is to redistribute, or stretch, the pixels
over the greater part of the graph to better resemble the
dynamic range of terrestrial photographs. This is where
the art in astrophotography comes into play.

Using stretching tools in our CCD image-processing
software such as Digital Development or Curves, we
can keep the background sky dark and the stars from
becoming too bright while giving a significant boost to
the critical midrange where our subjects generally hide.
The image on page 72 shows a typical application of the
Curves tool in Adobe Photoshop. The left side of the graph
represents shadows, the right is highlights, and the mid-
range lies in between. Judicious applications of Curves
preserve all of the detail and color that you originally
captured. With the histogram stretched to an appropri-
ate brightness level, you can then sharpen and further
enhance an image to increase local contrast.

Stretching usually reveals one final artifact that needs
to be dealt with in astrophotos: gradients. Gradients are

Stretching

[ Wocasss An Mastertif @ 12.5% (RGA/1G *
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. Image-Processing Basics

Curves
Presat: Custom
Channel: RGB ot
3
_Highlights
4
Midtones
Qutput:
518 Shadows
-
Input:
o 174 Vi Show Cipping
# Curve Display Options
Show Amount of:  © Light (0-255) 1222
Pigment/ink %
Show: (7] Channal Oyerays  [J] Baseine
4| Hstogram /| Intersection Line

ok ]

Cancel |

Auto
Opgions...

/| Breview

HISTOGRAM -.i

Channel:  Colons - o

Grean

Left: Photoshop’s Curves tool allows you to boost the midrange in your image
while keeping the highlights (usually stars) from becoming white splotches.
Right: When stretching a color image, you should monitor the histogram of all
three color channels to retain the color balance of the image. A good rule of
thumb is to stretch the histogram of the red, green, and blue channels similarly
to avoid introducing a color bias. The curve above helped to reveal the bluish
outer arms in the image of edge-on galaxy NGC 4565 at top.
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often the result of light pollution, and appear as a linear
brightening across an image. Most image-processing

programs include tools for reducing gradients.

Saturate

Finally, it is rich color that makes the human brain think
“Wow!” In astrophotography, we can use artistic license
by boosting color saturation to an aesthetically stimulat-
ing level. Unfortunately, it’s not as easy as dragging a
slider to “More.” Advanced imagers devote a great deal of
time to achieving good color balance. When you assemble
red, green, and blue images into a chrominance photo,
be careful to stretch them equally and to monitor the way
these three channels relate to one another. Linear adjust-
ments such as Photoshop’s Levels and Color Balance tools
work well for subtle adjustments, and astronomy-specific
programs such as PixInsight’s “ColorCalibration” tool is
nothing short of brilliant.

In truth, we have only begun to learn our ABCs. There
is so much more to producing jaw-dropping images of the
heavens, but beginning with these basic “S’s” will give
you a head start to mastering the CCD alphabet. 4

Warren Keller is author of the video tutorial series Image Pro-
cessing for Astrophotography, available at www.ip4ap.com.



Explore the far horizons of science while
rounding Cape Horn. Get the latest on
astrobiology, SETI, the physics of Star Trek,
and space travel with Sky & Telescope on
the Cosmic Trails 6 cruise conference on

Pier-Tech Domes"

Dome Observatories

Cosmic Trails' 6

PATAGONIA (SOUTH AMERICA)

All metal Galvalume and Aluminum construction with
interlocking dome sheets, providing a strong watertight

FEBRUARY 20TH - MARCH 5TH, 2013
)

Holland America’s Veendam, traveling from

Santiago, Chile to Buenos Aires, Argentina.

design able to withstand harsh weather conditions.

Motors on upper shutter and azimuth rotation are
included. Optional motorized lower shutter is available.

Optional factory tested automation system with color
touch screen. Automatic Slewing of dome with
telescope. Cloud sensor input for automatic dome
shut down in the event of inclement weather. Viewing

range is from horizon to 15 degrees past zenith.

Extra wide shutters. Our
domes are pre-painted with
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Our new 4000 square foot telescope
showroom may now be the largest in
the U.S., but astronomics is still the
same knowledgeable and friendly
telescope store you’'ve known and
trusted for the past 33 years.

Decades of experience using and
selling telescopes; a big inventory that
is actually in stock; free shipping; the
right prices; and honest, accurate, ad-
vice — what more could you ask?

You could ask for extra savings.

You got it. Cloudy Nights members
get extra discounts of up to 5% at
astronomics. So do astronomy
club members.

Cloudy Nights — the largest, most in-
formative, and friendliest astronomy
gathering place in the world — has over
61,000 members and dozens of fo-
rums where you can get answers to
your astronomy questions or just chat.

Join Cloudy Nights for free online at
www. cloudynights com/register
and you'll save at astronomlcs
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Kynar 500® to your color
choice. Available in 31
different colors warranted
against peeling and fade.

Full turnkey systems available
with the inclusion of Pier,
mount, telescope and
i3 accessories.
1472’ PTD2'in'the'Kalahari

Desert, South Africa www.dome-observatories.com

Or call 630-841-6848

Please visit our other websites to see other great products

www.astrorollmatic.com for roll off roof observatories
www.mobile-observatories.com

www.pier-tech.com for height Adjustable Piers
www.observatoryautomation.com

/
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April 7 to 13, 2013

A great location and time
to view the aurora borealis.

Tour Iceland’s natural
wonders, including an
active geyser and
spectacular waterfalls.

Explore an interesting culture
'with both ancientroots and
modern' tec‘h’nologles

¥
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Spears Trav -
TRAVEL A LEADERS

astronomms com

110 East Main, Norman, OK 73069 (800) 422-7876

Store hours, plus telephone and live chat: 9am to 6pm CST Monday through Friday, Saturday 10am to 5pm CST.
Our 33rd year. E-mail: questions@astronomics.com PayPal, Mastercard, Visa, Amex, Discover.

800.688.8031
skyandtelescope.com/traveliceland
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Your One-Stop Globe Marketplace!
Sky & Telescope Mars Globe

Viking orbiters, our 12-inch globe approximates the planet’s true color. Produced in
cooperation with NASA and the U.S. Geological Survey, the globe includes official
names for 140 features.

Item #4676X  $99.%° plus shipping

Sky & Telescope Venus Globe

Our 12-inch scale model of Venus is based on radar data from the
Magellan orbiter. It is color coded to represent elevation, and all
major landforms are labeled. Produced in cooperation with NASA
and the U.S. Geological Survey.

Item #VENUS  $99.* plus shipping



SHOP..  888-253-0230 i
www.ShopatSky.com 'iflf
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Item # SKYBNDL12  $205.% $189.® Sky & Telescope Digital Bundle

Ensure that your digital Sky & Telescope collection is complete with our up-to-date bundle
released just in time for the holidays. Receive our highly-praised 7 Decade Collection (1941-2009)
as well as our annual collections from 2010 and 2011. All 3 products originally retailed

for a total of over $280, but they can be yours for only $189! Order now while supplies last!

*

Item #SKDPWD  $39.% Deep-Sky Wonders

A new collection of the best of Sue French’s “Deep-Sky Wonders” columns, the book is organized
by season and subdivided into months, offering readers a total of 100 in-depth tours of the deep
sky with enduring relevance. Suitable for beginning and intermediate small-scope astronomers as
well as large-scope viewers and astrophotographers, this book has been greeted enthusiastically
by Sky & Telescope readers, especially French’s many fans.

] SKY :
; 3 : Binocular
ltem#59430  $24% §21.% Binocular Highlights - Highlights =
. ‘— | & 3 ..‘:.
Exploring the wonders of the cosmos doesn’t require expensive and complicated equipment —the B *ﬁ ;
moons of Jupiter, breathtaking nebulae, and distant galaxies are all visible through binoculars. e T

Binocular Highlights is a tour of 99 different celestial sights—from softly glowing clouds of e
gas and dust to unusual stars, clumps of stars, and vast star cities (galaxies) —all visible
in binoculars.

Sky & Telescope Moon Globe
A beautiful and extremely accurate new globe of the Moon. Unlike previous Moon
globes based on artistic renderings, this new globe is a mosaic of digital photos
taken in high resolution by NASA’s Lunar Reconnaissance Orbiter. The globe
shows the Moon’s surface in glorious detail, and how the nearside actually
appears when viewed through a telescope.

Item #MOONGLB  $99.* plus shipping

S&T Topographic Moon Globe

The new Topographic Moon Globe shows our home planet’s constant
companion in greater detail than ever before. Color-coded to highlight
the dramatic differences in lunar elevations. Deep impact basins show
up clearly in blue, whereas the highest peaks and rugged terrain show

up as white, red, and orange.

Item #TPMNGLB  $109.%° plus shipping



Sean Walker
Gallery

A RED SPOT GATHERING

Paulo Casquinha

Jupiter’s famous Great Red Spot is joined by Oval BA and a dark brown
storm in this image captured on the morning of August 21, 2012.
Details: Celestron C14 Schmidt-Cassegrain telescope with Lumenera
SKYnyx2-0M video camera. Stack of multiple frames recorded through
Astronomik Type II color filters.
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<«VENUS REVEALED

Rick Schrantz

Venus displays subtle banding in its upper
atmosphere in this ultraviolet image taken on
the morning of August 23rd.

Details: 10-inch Newtonian reflector with Imaging
Source DMK 21AU04.AS video camera. Stack

of multiple frames recorded through a Schuler
ultraviolet filter.

v SCENIC SAGITTARIUS

Kfir Simon

Nebulae IC 1274 (top) and NGC 6559 (center)
are a colorful mix of reddish hydrogen and
bluish reflection nebulosity, each bisected

by opaque dust.

Details: 16-inch f/3.75 Dream Astrograph with
Apogee Alta UI6M CCD camera. Total exposure
was 48 minutes through color filters.




<HOLLOW AND
CLUSTER

Roth Ritter

The glittering jewel-
like stars of open
cluster M52 (top left)
present imagers with
an interesting visual
contrast with neigh-
boring NGC 7635, the
Bubble Nebula, in
Cassiopeia.

Details: RCOS 10-inch
Ritchey-Chrétien
telescope with SBIG
STL-11000M CCD
camera. Total exposure
was 10%3 hours through
Baader color filters.

Visit SkyandTelescope.com/
gallery for more gallery online.

Gallery showcases the finest
astronomical images submit-
ted to us by our readers. Send
your best shots to gallery@
SkyandTelescope.com. We pay
$50 for each published photo.
See SkyandTelescope.com/
aboutsky/guidelines.
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A COCOON TO THE PELICAN

John Davis

Giant clouds of gas and dust permeate the
constellation Cygnus, including IC 5146 at
top left, and the North America Nebula,
NGC 7000, at bottom right.

Details: Takahashi FSQ-106N astrograph
with SBIG STL-11000M and QSI 583 CCD

cameras. 8-frame mosaic. Total exposure was
12 hours through color filters.

» FARAWAY CLUSTER

Bob Fera

Despite being about 2.5 million light-years
away, the star cluster NGC 206 in the spiral
galaxy M31 in Andromeda resolves into
individual stars in large telescopes.

Details: Officina Stellare RC-360AST 14-inch
Ritchey-Chrétien telescope with Apogee Alta
U16M CCD camera. Total exposure was 12
hours through Astrodon color filters. 4
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Now Available
on Apple iPad®

& TELESCOPE

www.skyandtelescope.com/app

If you're a current print subscriber enjoying your free digital
edition of S&T on a desktop or laptop computer, you can now
get a free iPad edition by downloading the Sky & Telescope
app at the iTunes App Store. Digital issues

include links to bonus audio interviews, Available on the |
videos, and image galleries. ‘ 0 &/ App Store |

SUPERIOR OPTICS.
EXCEPTIONAL QUALIT

SERIES 6000 ED APO
TRIPLET REFRACTORS.

80mm /6 (2" focuser) - $999
115mm f/7 (3" focuser) - $1999
130mm f/7 (3" focuser) - $2999

2-element 3" field flattener
for 115mm & 130mm OTAs - $199.

CRAYFORD-STYLE 3" 10:1
DUAL-SPEED FOCUSER

COMES COMPLETE WITH
CRADLE RINGS, 8 X 50 FINDER*,
2" DIAGONAL, HD-60 EYEPIECE
AND CUSTOM HARD CARRYING CASE

OPTIONAL 3" 2-ELEMENT FIELD FLATTENER

Go to meade.com or visit our authorized dealers for more information.
Follow us on facebook and twitter for exclusive online offers and updates.

*Included with 115mm and 130mm OTAs only. 115mm shown.

|
A

©2012 Meade Instruments Corp. All rights reserved. Specifications subject to change without notice. 30-12069

N
— & MEADE INSTRUVENTS
Innovative products for curious minds |
since 1972
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he new Sky & .Telescope Topograph|c ‘\

Moon Globe shows' our home planet’s ™
* constant companion in greaterdetallthan N
“ever before. This globe'is color-coded

to highlight the dramatic differences in
lunar elevations — differences that are
less obvious when seen in pictures. Deep
impact basins show up clearly in blue,
whereas the highest peaks and rugged
terrain show up as white, red, and orange.

This new globe is based on data from
NASA’s Lunar : Reconnaissance Orbiter.
The - globe . incorporates 4%  hillion
measurements and shows details ' less
than a mile across. Names for more
than 850 craters and other features are
shown, including beloved telescopic
targets and landing: spots for manned
and robotic spacecraft.

Sky & Telescope’s <Topographic Moon
Globe, along with the Sky & Telescope
Moon' Globe, are the first entirely new
lunar globes in more than 40 years.

$109.95
TPMNGLB

SHOP.

SKY 888-25;-023;(-.1' |

www.ShopatSky.com
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ACCESSORIES

Howie Glatter s Laser Collimators & Accessories
tuBlug ™ and Blug™ Barlowed collimation aids
inters™ & brackets - Glatter Mirror Sling kits

_The Parallizer™

25” adapter for

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®

TERSON %  *
x LNGINEERING CORP.

MEADE SCT UPGRADES ' 7

For focus, clutch, drives, 4
light thru-put, mounting, S 3
carrying & balancing.

\ (W

% EZ BINOC MOUNT KIT

5-axis outdoor mount
handles all size binoculars
View standing, sitting or

2o 4 reclining. $106.95

-

www.petersonengineering.com 401-245-6679
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Your essential source for
astronomical products

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

ﬁ 2” UltraWide Adapters
for DSLR & MIL Cameras
10mm More Clear Aperture than a T-Ring!

Available for Canon EOS/Rebel, Nikon, Pentax K,
Sony Alpha, Sony NEX, Olympus 4/3, Micro 4/3,
and Panasonic G Series Cameras from $69.

) § 5
o Q
1.25" SLR/DSLR 1.25” Eyepiece

Prime Focus Kits Projection Kits
from $34.95 from $44.95

2 | <y

(=]
1.25" Variable Digi-Kits for most

EP Projection Kits Digital Cameras

\___from $§64.95 J\___ from $§44.95

-

-

P

T-Rings T-Caps
T-Mounts
T-Extensions

ETX Visual Backs
& Camera Adapters

L.
-

L= =
Thin T-Rings for NEX

Hybrid Size & Micro 4/3 Cameras
Adapters Only 10mm Deep! |
Fast $7 Shipping! | SCAN HERE
PRIORITY e
MAIL
Expert Advice! ]|  Visit our Site!

Use coupon code SKY for 10% offl

www. TelescopeAdapters.com

ACCESSORIES

Innovations Foresight, LLC
Me _\'ﬁm‘e}_ your fm_r_rfc:n ﬂ.!f‘ & cellence

ONAG
On axis guider

For your best images yet!

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) -
866-BIG-BINO (244-2460)

ey, FusinoN N0l O BER W E R K

E!u%- Now Build your own
custom adapter at

www.preciseparts.com

PRECISEPARTS

CUSTOM PARTS FOR ASTRONOMY

305 253-5707
info@preciseparts.com

Foster Systems
Serving astronomers and observatories worldwide
Roll off Roof & Dome Controllers
« ASCOM compliant interface
« Automatic or Manual ops.
« Power monitoring and mgt.
"« Weather monitor integration
From $247  « Dew Management
With Software Visit us at www.fostersystems.com




ACCESSORIES

= www.teleskop-express.com

constant innovations from Germany.

[
[

Did You ever dream about
an affordable 8 inch 2.8
or /3.5 Astrograph 7 We did !

-- lightweight Carbon tube ,, Made in Germany *

-- Baader Steeltrack focuser

-- ASA Newtonian Corrector-Reducer

-- Illuminated field of 21mm Diameter

= SEEALSO OUR CUSTOMIZED NEWTONIAN SERIES

Meade, Celestron, Intes,
Takahashi ...and more!
6976 Kempton Rd.

Centerville IN 47330
765-855-5109 USA

www.bobsknobs.com

5 Automation?

... more?

The new network enabled Seletek Platypus digital

controller will command your focuser, filter wheel,
camera rotator and more!

* Up to three motors at the same time
» Power on / off devices, dew heaters, green
laser pointers, scope fans..
* Most versatile digital controller in the market
Launch price $350 — Network & USB interfaces!

AAG CloudWatcher ($495): your observatory
safeguard, now with optional wind speed meter.

More info: www.lunaticoastro.com
Videos: youtube.com/lunaticoastro

EDWARD R. BYERS CO.

Precision Gears & Complete Drives

Heliostats - Mountings

760-221-2127  erbyers@san.rr.com

The New Standard in Video Time Insertion

JOTA-VTI

Position TV Safe

¥ L]
" Full Screen  capers

www.videotimers.com

VERNONscope &3 Co.

2" Quartz Diago?\als Ready
Bino-Viewers Also Available
Phone: 607.659.7000

vernonscope.com

ACCESSORIES

Innovations in Telescope Collimation

( 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

NETI.I"..ENTE -
LISA Pack

¥

u,,l -

Spectroscopy Lo f
made easy... bt th "':t

www.SHELYAK.com

CassSim

and grain Optical Shw

To characterize the optical changes assoclated with different
back of the

This Includes tools for ulilizing this information for direct

measurements on photographs or visually from the //
X

eyepiece

www . kalaplex.com

Eng'inegr-[i'llg. Design
and Cons fon of

PORTABLE
NEWTONIAN
TELESCOPES®

.+ Albert Highe

NEW from Willmann-Bell
Get full details
539_95 at willbell.com

CCD EQUIPMENT

Starfish Guide Camera

* 1.3 Mpixel

- ST-4 Port

+ 12 Mpix/sec
* Mac / PC

e

\

fishcamp
engineering
www.fishcamp.com

COMPUTER SOFTWARE

Deep-Sky Planner

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

Use with Cartes du Ciel, TheSky & more

Learn more at: www.knightware.biz

COMPUTER SOFTWARE

The Premier Observation Planner
Full Atlas and Finder Charts
Observing Log Book

Deepest fully-corrected Databases

SkyTools 3

und.com

Astro-Imaging

session planning.

“... a powerful program for observers and
astrophotographers.”

522-million star database

SkyTools 3 Pro
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DRIVES /| MOUNTS

Alt-Az Mounts and Tripods

“NO BALANCE REQUIRED"
*€xtremely Rigid
*Silky Smooth even at 300 power
*Change eyepieces without re-balancing
*Designed from the start to use DSCs
(no external cables or encoders)
*No counter weights
or locks
*Quality at it's best

“iscMounts, Inc

HANDCRAFTED BY TOM PETERS
) wwuw.DiscMounts.com
q 954.475.8574

MOUNTS

HANDCRAFTED LUXURY
IN EQUATORIAL MOUNT

rnlng calm

Model Capacity
MC200GE 66 by
MC300GE 10 Ibs
MC500GE 154 lbs
MC700GE 220 Ibs

Includes HUBO-i Controller
Matching Piers Available

(All weights are at dovetail)

www.astrodreamtech.com
adtamerica@astrodreamtech.com

Dealer Inquiries Welcome! As'tmpmm-rgcn

Mathis Instruments

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

MI-1000 Fork Mount

www.mathis-instruments.com
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OBSERVATORIES | DOMES

Hate to Rotate?
Discover why our clamshell J
domes are simply the best (K /

solution. (71t to 20ft Diameter)

949.215.3777
www.ASTROHAVEN.com
domesales@astrohaven.com

(f';)—__——‘— —-...._>
OBSERVATORIES
« Complete Observatory ~ » Manual, Motorised or
(23m,3.5m,5.0m,6.7m Computerised (ASCOM Designed & 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

HOME-DOME AND FiNS
~w OBSERVATORIES

Y

PROFESSIONALE'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 .merface
* Priced from $3,295 www.

on.com

Call or write for a FREE Brochure

TECHNICAL INNOVATIONS

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

OPTICS

Optical Coatings
Parabolic Mirrors

wwOpticWaveLabs.com

Advertise in

Mal'ket]?lace

LESTER STOCKMAN
PHONE: 617.758.0253
&TELESCOPE 3ds@skyandtelescope.com

Are you Moving?

Please send your new Sky & Telesco,
pe
address along with PO Box 420235-0235,

your mailing label
or old address to: Palm Coast, FL 32142

ORGANIZATIONS

www.darksky.org

TELESCOPES

THEQBSERVATORY
Telescopes * 50 * Binoculars

Avuthorized dealer: Vixen, Orion, Celestron, Meade,
Tele Vue, Fujinon, Adlerblick, Home-Dome
Books, Charts, Software,
Service » 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

Find

SKY

& TELESCOPE
on

facebook.




TELESCOPES

BUILT TO LAST
IN THE U.S.A.

W e

STELLARVLUE 160
APO TRIPLET

@ STELLARVUE"
- WWW.STELLARVUE.COM
SEEING IS BELIEVING
11820 KEMPER ROAD
AUBURN, CA S5603
(530 B23-7796
MAIL@STELLARVUE.COM

ring: The
with no off

« through-the-mount cab

TELESCOPES

ASTRO-PHYSICS

Instruments for dlscnmlnahna

-* . observers and astro-imagers

T‘elgs&._‘:poﬁ'w'— Golo German Eguatorials

http://www.skyandtelescope.com/
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+View the latest news in Astronomy

+ Shop our online store for your favorite
Astronomy products!

* Get the latest news and advice on
new products

* Browse our photo gallery..and more!

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
to: Ad Dept., Sky & Telescope, 90 Sherman
Street, Cambridge, MA 02140.

NEAR SACRAMENTO: Mountain Astronomy
Park, New Mexico: 10.3 acres, beautiful views,
1,180 sqg-ft nice house, deck shop, roll-off
roof observatory. Ridgetop observatory site
just uphill. $169,900. Phone: 575-838-2883.

www.projectworldview.org/darksky.htm.

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 35025, Richmond, VA 23235.

FOR SALE: A dream 12’ x 12’ retract roof
observatory located at 7,400’ ASL in the White
Mountains of eastern Arizona with 3BR, 2BA
1200 sq ft home; detached 18’ x 24’ heated art
studio/shop/garage. Price reduced to $149,900.
Photos at www.loganobservatory.shutterfly.com

email blogan0821@gmail.com.

FOR SALE: Remote single-story custom
home, 2000 sq.ft. 4BR 3BA, 5 car garage,
fenced acre under very dark clear skies, NE
Arizona, automated 12ft dome, custom pier,
power, water, DSL, $200k, easton6@cox.net
http://g.co/maps/4a3sm.

FOR RENT: 3 BR/2BA fully furnished adobe home
in ARIZONA SKY VILLAGE in Portal, AZ. Observe
and photograph under the darkest, clearest and
most transparent skies with astronomers from
all over the world. Contact irkitzman@gmail.com

520-203-8500 www.arizona-dreaming.com.

SkyandTelescope.com December 2012 83




S
(@)
afd
(1]
@
(o)
]
pd
S
-
©
()
S
(a1

Dealer Locator

SKY

& TELESCOPE

BINOCULARS

Celestron (Page 9, 13, 42)
Celestron.com
310-328-9560

Meade (Pages 5, 17, 67, 79, 88)
Meade.com
800-919-4047 | 949-451-1450

CAMERAS
Apogee (Page 7)
CCD.com
916-218-7450

Celestron (Page 9, 13, 42)
Celestron.com
310-328-9560

FLI (Page 19)
FLIcamera.com
585-624-3760

Meade (Pages 5, 17, 67, 79, 88)
Meade.com
800-919-4047 | 949-451-1450

The Imaging Source (Page 11)
AstronomyCameras.com
877-462-4772

EYEPIECES

Astro-Tech (Page 73)
Astronomics.com
800-422-7876

Brandon (Page 81)

Vernonscope.com
607-659-7000

CALIFORNIA

Oceanside Photo & Telescope (Page 15)
Optcorp.com
800-483-6287

Woodland Hills (Page 10)
Telescopes.net
818-347-2270

Celestron (Page 9, 13, 42)
Celestron.com
310-328-9560

Explore Scientific - Bresser (Page 41)
ExploreScientific.com
888-599-7597

Meade (Pages 5, 17, 67, 79, 88)
Meade.com
800-919-4047 | 949-451-1450

Pro Optic (Page 65)
Adorama.com
888-223-2500

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

TMB Optical (Page 11)
Astronomics.com
800-422-7876 | 405-364-0858

FILTERS

Astrodon (Page 80)
Astrodon.com

Celestron (Page 9, 13, 42)
Celestron.com
310-328-9560

FLI (Page 19)
FLlcamera.com
585-624-3760

Meade (Pages 5, 17, 67, 79, 88)
Meade.com
800-919-4047 | 949-451-1450

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

NEW YORK

Adorama (Page 65)
Adorama.com
888-223-2500

84 December 2012 SKY & TELESCOPE

Inside This Issue

FOCUSERS

FLI (Page 19)
FLIcamera.com
585-624-3760

MOUNTS

Celestron (Page 9, 13, 42)
Celestron.com
310-328-9560

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

Mathis Instruments (Page 83)
Mathis-Instruments.com
925-838-1487

Meade (Pages 5, 17, 67, 79, 88)
Meade.com
800-919-4047 | 949-451-1450

Paramount (Page 83)
Bisque.com
303-278-4478

PlaneWave Instruments (Page 83)
PlaneWave.com
310-787-9411

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

OBSERVATORIES

Observa-Dome Laboratories (Page 42)
Observa-dome.com
800-647-5364

OKLAHOMA

Astronomics (Page 73)
Astronomics.com
800-422-7876 | 405-364-0858

SOFTWARE

Fisch Image Lab (Page 41)
ExploreScientific.com
888-599-7597

Software Bisque (Page 83)
Bisque.com
303-278-4478

TELESCOPES

Astro-Tech (Page 73)
Astronomics.com
800-422-7876 | 405-364-0858

Celestron (Page 9, 13, 42)
Celestron.com
310-328-9560

Explore Scientific - Bresser (Page 41)
ExploreScientific.com
888-599-7597

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

Meade (Pages 5, 17, 67, 79, 88)
Meade.com
800-919-4047 | 949-451-1450

PlaneWave Instruments (Page 83)
PlaneWave.com
310-787-9411

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

To advertise on this page,

please contact
Lester Stockman at
617-758-0253, or
Ads@SkyandTelescope.com




. Index to Advertisers

Adorama ... 65
Apogee Imaging Systems Inc............. 7
Artemis CCD Ltd. .. ..o 59
Ash Manufacturing Co., Inc. ............ 67
Astro Haven Enterprises. ............... 82
Astro-Physics, Inc.. . ... ool 33
Astrodon Imaging..................... 80
AstroDream Tech America.............. 82
Astronomics ........ ... il 73
Bob’s Knobs ........ ... ...l 81
CameraBug, Ltd. ..................... 42
Celestron ....................... 9, 13,42
CNC Parts Supply, Inc. ...t 80
DiscMounts, Inc.. . .................... 82
Edward R.Byers Co. ..........covunnnn. 81
Explore Scientific - Bresser.............. 41
Finger Lakes Instrumentation, LLC....... 19
Fishcamp Engineering ................. 81
Focus Scientific. ................ .. ... 42
Foster Systems, LLC................... 80
Glatter Instruments ................... 80
Hotech Corp......oovvviiiiiii i 81
Innovations Foresight LLC.............. 80
InSight Cruises ... 73
International Dark-Sky Association .. ..... 82
iOptron . ... o 11
JMI Telescopes ..ot 59
Kalaplex .......... ..o ool 81
Khan Scope Centre .. .................. 42
Knightware. ........ ... ... .. ... 81
KW Telescope/Perceptor. ............... 42
Lunatico Astronomia .................. 81

Mathis Instruments ................... 82

Meade Instruments Corp ... 5, 17, 67, 79, 838

National Geographic Books............. 65
Oberwerk Corp.............oooini.. 80
Observa-Dome Laboratories ............ 42
Obsession Telescopes ................. 65
Oceanside Photo & Telescope........... 15
Optic Wave Laboratories ............... 82
Peterson Engineering Corp.............. 80
Pier-Tech ....... ... ... it 73
PlaneWave Instruments ................ 83
PreciseParts.................... ... ... 80
Santa Barbara Instrument Group ......... 3
ScopeStuff......... o 81
Shelyak Instruments................... 81
Sirius Observatories . .................. 82
Sky & Telescope ........... 42,73, 74-75,79
Skyhound........ ... o L 81
Software Bisque ...................... 87
Starizona . ....... .. ... . .. 41, 42
Stellarvue. ... 83
Technical Innovations. ................. 82
Tele Vue Optics, INC.. ..o 2
Teleskop-Service Ransburg GmbH ....... 81
The Imaging Source . .................. 67
The Observatory, Inc. ............... 42,82
The Teaching Company ................ 27
University Optics, Inc. ................. 80
VideoTimers. ..., 81
Willmann-Bell, Inc. . ................... 81
Woodland Hills Telescopes ............. 10

VERNONSscope . ...................... 81

KY

& TELESCOPE

SkyandTelescope.com
800-253-0245

IN THE NEXT ISSUE

Curiosity Explores Mars
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Hot Products 2013
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Closing in on Dark Matter
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from many angles, scientists may be on
the verge of a major breakthrough.

Rescuing a Radio Observatory
Amateur astronomers breathe new life
into an aging, world-class telescope.
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i SN Andrew Chaikin

NASA /| ANDREW CHAIKIN

The first moonwalker’s brief lunar sojourn yielded a scientific treasure trove.

LasT AugusT 25TH, on the day Neil
Armstrong died, I found myself looking at
the Moon and thinking about his impact.
He was an icon to the world, but I was
lucky enough to know him as a friend.
I feel his loss profoundly, for the many
personal qualities that made him such an
admirable and likeable human being, and
the extraordinary contributions he made
to space exploration. No one could have
been better suited to carry out history’s
first lunar landing, which for a superb
engineering test pilot like him represented
the ultimate flying challenge. But there
was another, surprising side to Armstrong
that he revealed on July 20, 1969: He was a
wonderfully skilled scientific explorer.
Time was tight during Apollo 11’s
2%2-hour moonwalk, as Armstrong and
Buzz Aldrin carried out a packed agenda
that included planting the American
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flag, deploying experiments, collecting
samples, documenting everything on film,
and even taking a phone call from Presi-
dent Nixon. No one would have faulted
Armstrong for paying little attention to
science. And yet, with the world looking
over his shoulder, and despite limited
scientific preparation (including just one
geology field trip during training), his
performance as history’s first lunar field
geologist was nothing short of remarkable.
Soon after stepping onto the Moon,
Armstrong had only a few brief minutes
to fill a small bag with lunar soil, the so-
called contingency sample. Even so, with
the clock ticking, he managed to include
some small rocks, and radioed detailed
descriptions of the samples and of the
powdery lunar surface. Later, he noticed
shiny blebs in the bottoms of some craters
that would turn out to be glass produced

by the heat of meteorite impacts. And late
in the moonwalk, Armstrong seized the
opportunity to venture about 200 feet (60
meters) from the lunar module Eagle to an
80-foot-diameter crater, where he photo-
graphed its rock-strewn floor. That brief
reconnaissance wasn't in the plan, and it
epitomized Armstrong’s commitment to
the mission’s scientific return.

When it came time to collect a suite of
rocks using a long-handled scoop, Arm-
strong selected a beautifully diverse assort-
ment. Then, seeing there was still room in
the “rock box” but having run out of time
for prospecting, he dumped in scoop-
fuls of lunar dust, which have remained
among the most valuable samples in the
Apollo collection. Fellow moonwalker Jack
Schmitt, who became the only profes-
sional geologist to visit the Moon in 1972,
wrote that “Neil’s 30 minutes of sampling
decisions ... remain the most productive
half hour in lunar exploration.”

For me, the most surprising moment
happened not when Armstrong and Aldrin
were on the Moon, but when they were just
1,000 feet above it. Standing at Eagle’s con-
trols, Armstrong saw that the onboard com-
puter was targeting them for a stadium-size
crater, ringed with automobile-size boul-
ders. With fuel running low, Armstrong
actually considered trying to set Eagle down
near the boulders, which he knew would
be a geologic bonanza. But as he wryly
quipped in my 1988 interview with him, “I
didn’t have that much courage.” Yet he had
more than enough courage — not to men-
tion supreme self-confidence and skill — to
make space-exploration history. 4

Andrew Chaikin is the author of A Man
on the Moon: The Voyages of the Apollo
Astronauts.



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, TPoint and Camera

GEM design can track and slew Add On for Mac and Windows

2 hours past the meridian
without flipping sides

Flip a switch to engage,
balance or lock the gears

At 5o lb, the MX is ideal
for both portable use and
permanent installation

($9,000)
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FIND YOUR SPACE BISQUE.COM

Software Bisque, Inc. 862 Brickyard Circle, Golden, Colorado 80403
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COMPLETE WITH/DELUXE TRIPOD ONLY $399.
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